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ENCYCLOPEDIA BEITANNICA.

LOO
LOO (formerly called Lanteeloo), a round game of

cards. Loo may be played by any number of persons;

from five to seven makes the best game. " Three-card

loo" is the game usually played. A pack of fifty-two

cards is required. The players being seated, the pack i.g

shuffled and a card dealt face upwards to each. The player

to whom a knave falls has the first deal, the player to his

left deals next, and so on in rotation. Each player is

entitled to a deal, i.e., the game should not be abandoned
till it returns to the original dealer; but, if there is a loo

in the last deal of a round, the game continues till there is

a hand without a loo. The pack is cut to the dealer, who
deals three cards to each player and an extra hand called

miss. The dealer turns up the top of the undealt cards

for trumps. The dealer is sometimes permitted to deal the

icards in any order he pleases ; but the best rule is to

'require that the cards be dealt one at a time in rotation,

as at whist. During the deal each player contributes to the

jx>ol a sum previously agreed upon, the dealer contributing

double. The unit for a single stake should be divisible by
three without a remainder, e.g., three counters or three

pence. The players are bound to put in the stake before

the deal is completed ; sometimes a penalty is enforced for

neglect. The deal being completed and the pool formed,
each player in rotation, beginning from the dealer's left,

looks at his cards, and declares whether he will play,

resign, or take miss. If the former, he says " I play." If

he takes miss he places his cards face downwards in the
middle of the table, and takes up the extra hand. If he
resigns, he similarly places his cards face downwards in the
imiddle of the table. If miss is taken, the subsequent
players only have the option of playing or resigning. A
player who takes miss must play. Those who have
declared to play, and the one— if there is one—who has
taken miss, then play one card each in rotation, beginning
from the dealer's left, the cards thus played constituting a
trick. The trick is won by the highest card of the suit

led, or, if trumped, by the highest trump, the cards ranking
as at whist. The winner of the trick leads to the next,

and so on, until the hand is played out. The cards remain
face upwards in front of the persons playing them.

Rales of Play.— If tlie lealer holJs ace of trumps )ie must lead
-it (or king, if ace is turned up). If the leader has two trumps

^ .'—1

he must lead one of them, and if one is ace (or king, ace being
turned up) he must lead it. With this exception the leader is not

bound to lead his highest trump if more than two declare to play

;

hut if there are only two declared players the leader with more than

one trump must lead the highest. Except with trumps as above

stated he may lead any caxd bs chooses. The subsequent players

must head the trick if able, and must follow suit if able. Holding

none of the suit led, they mast head the trick with a trump, if

able. Otherwise they may play any card they please. The winner

of the first trick is subject to Uj9 rules already stated respecting

the lead, and in addition he must lead a trump if able (called trumj>

after trick).

When the hand has been played out, the winners of the tricks

divide the pool, each receiving one-third of the amount for each

trick. If only one declared to play, the denier plays miss either for

himself or for the pool. If he plays for the pool he must declare

before seeing miss that he does not play for himself. Any tricks

he may win, when playing for the pool, remain there as an addition

to the next pool.

If each declared player wins at least one trick it is a single, i.e.,

a fresh pool is made as already described ; but if one of the declared

players fails to make a trick he is loocd. Then, only the player who
is loocd contributes to the next pool, together with the dealer, who
puts in a single_stake. If more than one player is looed, each has to

contribute. At unlimited loo each player looed has to put in the

amount there was in the pool. But it is generally agreed to limit

the loo, so that it shall not exceed a certain fixed sum. Thus, at

eighteen-penny loo, the loo is generally limited to half a guinea.

If there is less than the limit in .the pool the payment is

regulated as before ; but if there is more than the limit, the loo

is the fixed sum. agreed on.

The game is sometimes Varied by forces, i.e., by compelling

every one to play, either whenever there is no loo the previous

deal [a single), or whenever clubs are trumps {,club law). When
there is a force no miss is dealt. Irish loo is played by allowing

declared players to exchange some or all of their cards for cards dealt

from the top of the pack. There is no miss, and it is not com-

pulsory to lead a trump with two trumps, unless there are only

two declared players. At Jive-card loo each player has five cards

instead of three, and a single stake should be divisible by five.

Pam (knave of clubs) ranks as the highest trump, whatever suit is

turned up. There is no miss, and cards may be exchanged as at

Irish loo. If ace of trumps is led, the leader says " Pam be civil,"

when the holder of that card must pass the trick if he can do so

without' revoking. A flush (five cards of the same suit, or four

with Pam) loos tM board, i.e., the holder receives the amount of a

loo from every one, and the hand is not played. A trump

flush takes precedence of flushes in other suits. If more than one

flush is held, or if Pam is held, the holder is exempted from

payment. As between two flushes which do not take precedence,

the elder hand wins.

Dcclarinq to Play, and Playing (three-card loo).—Play on two

t:-UDips. Tlio first to declare should play on an honour in tivmpa
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I- •.. pi.v «1«) on Vine of trump* ; but iome

.nd ... »rc i.. i.la... .mla ^'^y »;" "^ ^nlf^uilh it another kinR

Sr i B«ar.lca .l-.c.-.. .« '>''^„,,^'"P„^,imrur this hand. Holding

.l.Mmi. ""V*"- uJ^a« Do notPbyon a l.nnd without

»''"^ • ''"' "17'lv^n any canU that li.l . reasonable chanco
.,n,-np; «_«r'-. 1^";^

''^f tJ amount in tfie pool Ucono.don.ble,

" i If the number of player, i. lew than f.ve.

UP weaker hands may bo played ;
on the other

*- • ,1 "^ L^i.r»<l fo nlav only a verj- strong hand

,,„„.,, »^ n.Ud. V «'';^';^»^,j ^^, ,^{,„„^ but not when there are

'

i,f ,>l.iycr whow UirnJt is to declare.

vary greatly, uid should be agreed on

to ..lay. no ordinary ruUs. vrh.ch loo the

.^^n error, are very bad. The foUowm- are

. tl- lat" fllcnheim Club. 1. First knave Jeals.

Vricl-t to rhullle. 3. The player to the dealer s

> Th. dealer must deliver the cirds one by
rtrt^ ; ru>^ -. 1 • - » *

j j „j for ni.sa at the

riS ^utCn^, beginning to the dealer's loft A P-»y«{; l<>°k'"S

at Weids before h.'s turn forfeits a s.nglo to the pool. 8 A

p .yer who declare, befo™ hi. torn, or who exposes a carJ. f° f^^^

a sinele to the iwol, and must Uiroir upbU hand.' 9. If adctlaiui

^•^S
"^Th^iiu^ 1:^^^:^"^^ eiLrit^'ca'nT;

:iTy ^i-'^SS&a-i^^^TrtV !irulerun"t
*
f* rir UKk^ra "ts otd ana\herc U

^nZ" 10 UhTleader holds ace of trumns and does not lead

P?of Etnir .« bo^g turoed up), or if he ho'lds two trunips aud

r?^%^^^°4%u; rurbi^si'^tVrJ^u^id i/:; Jiesir^a

b, «T o^e ex^t the offender. V2. The place of an »ft"comer is

t^hu le.al&g a card betw«n .».rT two of the pUy<~ Tb.

aftercomcr sits where the first knave falls. l"- J-J

LOOCHOO. Seo Lew-chew Islands.

LOOM. Soe Wexviso.

LOOM, or Loos (Icelandic, iSmr), 8 name appbed to

water-birds of three distinct Families, all remarkable for

their clumsy gait on land.* The first of them .3 the

ColymM^r, to which the term Diver ^.r.) is nowadays

usaally restricted in books; the second the Po('"P'f\'{^

or g/ebes (see toL rL p. 30) ; and the third the Alad^

The form Loot, is most commonly used both in the British

Tibnds BTid in North America for aU the species of the

uenus Columbus,- OT EudyUt according to some ornitho-

logists, frequently with the prefix Sprat, indicating the

kind of fish on which they are supposed to prey ;
though

it i. the local name of the Great Crested Grebe {Podietps

cristatus) wherever that bird is sufficiently well known to

have one; and, as appears from Grew {Mus. Ecg. Soc y- 6»).

it was formerly given to the Little Grebe or Dabchick (1

.

flmviadlU or minor) as weU. The other form Lootti seems

> The law which loos a player for misdealing U atrocioua, and

Aoold always be opp<Med.
, , , ji a

» FoiMU of • Biisle go to Inotase the pool already formed, ana

• Tricks left in the pool and fines under laws 9 and 10 go to the

titt pool Md not to the pool already formed. Many players inflict

«b* r»ii Jly of a loo for the offences named in laws 9 and 10 ;
but the

taJ^ »!-,Te, u played at the Blenheim, is the bcsU

• The word alio Uk« the form " Lnmme " {fidf Montagu), anfl, a*

T^ferwT Skeat ob-rres, is probably connected w.tb Uw^ The

.icn.fioAtion of loon, a clumsy fellow, and roeuphonrally . nmpleton,

h ob.Mus to any one who h«i Men the i tleDpt of the birds to which

the Dime it given to walk.

more confined in its application to the north, and is sa.

J

by Mr T. Edmonston {£lym. Gloss. Shed,
""f

OU-'^-

Diahcl, p. 67) to be the proper name in Shetland of

Colymbussri^entrionalis^; but it has come into common

use among Arctic «eamon as the name of the species of

Guillemot (.Uca arra or byueuniclu) which in thousand,

throngs the cliffs of far northern lands, from whose (hence

called) "loomeries" they obtain a considerable stock of

wholesome food, while the writer believes he has heard the

word locally applied to the Razokbill (q.v.). (a. n.;

LOPE DE VEGA. See Vega CARno.

LOI'EZ, Carlos Ani-omo (1790-1862), a Paraguayan

ruler of great ability, born at Asuncion, November 4, 1 / JU,

was educated in the ecclesiastical seminary of that city,

and by his ability attracted the hostility of the dictator,

Francia, in consequence of which he was forced to keep m
hiding for several years. He acquired, however, by study,

BO unusual a knowledge of law and governmental affairs

that on Francia's death in 1840, he soon acquired an

almost undisputed control of the Paraguayan state, which

ho maintained uninterruptedly until his own death in Ibb..

He was successively secretary of the ruling rnihtary j«nto

(1840-41). one of the two consuls (1841-44), and

president with dictatorial powers (1844-18G2) by bucc^-

sive elections for ten and three years, and in 1857 again

for ten years, with power to nominate his own successor.

Though nominally a president acting under a republican

constftution, he ruled despotically, the congress asserabling

only rarely and on his call, and then only to ratify his

decrees. Hia government was in general directed with

wise energy towards developing the material resources

and strengthening the military power of the county. His

jealousy of foreign approach several times involved him in

diplomatic disputes with Brazil, England and the United

States, which nearly resulted in war, but each time he

extricated himself by skilful evasions. Paraguay rapidly

advanced under his firm and, on the whole, patriotic

administration. He died September 10, 1862.

LOPEZ, Francisco Solano (182C-1870), eldest son

of Carlos Antouio Lopez above noticed, was born near

Asuncion, Paraguay, July 24, 1826. During his boyhood

his father was in hiding, and in consequence his education

was wholly neglected. Soon after his father s accession to

the presidency, Francisco, then in his nineteenth year, was

made commander-in-chief of the Paraguayan army, during

the spasmodic hostilities then prevaUing with the Argen-

tine Republic. After receiving successively the highest

offices of the state, he was sent in 1853 as minister to

England, Franco, and Italy, to ratify formally treaties

made with these powers the previous year. He spent a

year and a half in Europe, and succeeded in purchasing

large quantities of arms and military supplies, together

with several steamers, and organized a project for building

a railroad and estabUshing a French colony in Paraguay.

He also formed the acquainUnce of iladamo Lynch, an

Irish adventuress of many talents and popular qualities,

who became his mistress, and strongly influenced his later

ambitious schemes. Returning to Paraguay, he bec^e

in 1855 minister of war, and on his fathers death in 186^

at once assumed the reins of government as vice-president,

in accordance with a provision of his father's will, and

called a congress by which he was chosen president for ten

years. He had long cherished ambitious designs, and now

set himself to enlarge the army, and purchase in Europe

large quantities of military stores. In 1864 he began

open aggression on Brazil by demanding, in his self-styled

capacity of " protector of the equilibrium of the La Plata,'

that Brazil should abandon her armed interference^in a.

• D-inn and Suxby, however, agree in giving " Rain-Goose " as tha

lume of tiiis epeciea in Shetland.



revolutionary struggle then in progress in Uruguay. No
attention being paid to liis demand, he treacherously seized

a Brazilian merchant steamer in the harbour of Asuncion,
and threw into prison the Brazilian governor of the pro-

vince of Matto Grosso who was on board. In the follow-

ing month (December 1864) he despatched a force to

invade Matto Grosso, which seized and sacked its capital

CuyabA, and took possession of the province and its

diamond mines. Lopez next sought to send an army to

the relief of the Uruguayan president Aguirro against the

revolutionary aspirant Flores, who was supported by
Brazilian troops. The refusal of the Argentine president,

Mitre, to allow this force to cross the intervening province
of Corrientes, was seized upon by Lopez as aa occasion for

war with the Argentine Republic.

A congress, hastily summoned and composed of his own
nominees, bestowed upon Lopez the title of marshal, with
extraordinary war powers, and on April 13, 1865, he
declarefl war, at the same time seizing two Argentine war-
vessels in the bay of Corrientes, and on the next day
occupied the town of Corrientes, instituted a provisional
government of his Argentine partisans, and summarily
announced the annexation to Paraguay of the provinces of

Corrientes and Entre Rios. Meantime the party of Flores
• had been successful in Uruguay, and that state on April

18 united with the Argentine Republic in a, declaration
of war on Paraguay, the news of the treacherous proceed-
ings of Lopez having then but just reached Buenos Ayres.
On May 1st Brazil joined these two states in a secret

alliance, which stipulated that they should unitedly
prosecute the war "until the existing government of

Paraguay should be overthrown," and " until no arms or
elements of war should be left to it." This agreement
was literally carried out.

The war which ensued, lasting until April 1, 1870, was
on the largest scale of any that South America had
experienced, and was carried on with great stubbornness
and with alternating fortunes, though with a steadily
increasing tide of disasters to Lopez (see Paeaguay). In
1808, when the allies were pressing him hard before the
Tarious strongholds still remaining to him in Paraguay, his
mind, naturally suspicious and revengeful, led him to
conceive that a conspiracy had been formed against his
life in his own capital and by his chief adherents.
His bloodthirsty rage knew no bounds. In a short time
several hundred of the chief Paraguayan citizens were
seized and executed by his order, including hb brothers
and brothers-in-lasw, cabinet ministers, judges, prefects,
military officers of the highest grade, the bishops and
priests, and nine-tenths of the civil officers, together with
more than two hundred foreigners, among them several
members of the different diplomatic legations.

Lopez was at last driven with a mere handful of troops
to the northern frontier of Paraguay, where on April 1,

1870, he was surprised by a Brazilian force and killed as
he was- endeavouring to escape by swimming the river
Aquidaban. His ill-starred ambition had in a few years
reduced Paraguay from the prosperity which it had enjoyed
under his father to a condition of hopeless weakness, and
it has since remained a virtual dependency of Brazil.
LORCA, a town of Spain, in the province of Murcia, on

the right side of the Sangonera (here called the Guada-
lentin), by which it is separated from the suburb or quarter
of San Cristobal. It is situated about 38 miles west from
Cartagena, and 37 south-west from Murcia, at the foot of
the Sierra del Cano. The principal buildings are the col-
legiate church of San Patricio, with a Corinthian facade,
and the parish church of Santa Marin, in the Gothic style.
The principal manufactures are soda, saltpetre, gunpowder,
and cloth ; the trade, apart from that which these articles

involve, is insignificant. The population of the munici-
pality was 52,934 in 1877.

Lorca (Arab. Lurka) is the Eliocroca of the Ilin. Ant., and pro-
bably also the Horci of Pliny (iii. 3). It was the key of Murcia
during the Moorish wars, and was frequently taken and retaken.
On April 30, 1802, it suffered severely by the bursting of the
reservoir known as the Pantano de Puentes, in which the waters of
the Guadalentin were stored for purposes of irrigation ; the Barrio
de San Cristobal was completely ruined, and more than six hundred
persons perished in the djsaster. In 1810 it suffered greatly from
the French.

LORENZO MARQUES, or LouEENfO Marques, the
chief place, and indeed the only European settlement, in

the district of its own name in the Portuguese province
of Mozambique in south-eastern Africa, is situated on
Delagoa Bay, at the mouth of the Lorenzo Marques or
English River, in 25° 58' S. lat. and 32° 30' E. long. At
the time of Mr Erskine's visit in 1871 it was a poor place,

with narrow streets, fairly good flat-roofed houses, grass

huts, decayed forts, and rusty cannon, enclosed by a wall

6 feet high recently erected aad protected by bastions at

intervals. In 1878 Governor Castelho returned the white
population of all the district (whose area is estimated at

210,000 square miles) as 458, and the natives as from
50,000 to 80,000. A commission sent by the Government
in 1876 to drain the marshy land near the settlement, to

plant the blue gum tree, and to build a hospital and church,

only partly accomplished its task, and other commissions
have succeeded it. In 1878-79 a survey was taken for a
railway from Lorenzo Marques to the Transvaal (see £ol.

da Soc. de Geogr. de Lishoa, 1880), and the completion of

this enterprise will make the settlement (which already

possesses the best harbour on the African coast between
the Cape and Zanzibar) a place of considerable importance.

It became a regular port of call for the steamers of the

British India Steam Navigation Company in 1879, and for

those of the Donald Currie line in 1880. Since 1879 it is

also a station on the telegraph line between Aden and South
Africa. Both Germany and England maintain consular

agents in the settlement.

See Delagoa Bat, voL vii. p. 40 ; aad Lobo da Bulhaes, La
Colonies poriugaises (Lisbon, 1878).

LORETO, a city in the province and circondario of

Ancona, Italy, is situated some 15 miles by rail south-west

from Ancona on the Ancona-Foggia railway, 16 miles

north-east from Macerata, and 3 from the sea. It

lies upon the right bank of the Musone, at some distance

from the railway station, on a hill-side commanding
splendid views from the Apennines to the Adriatic. The
city itself consists of little more than one long narrow
street, lined with booths for the sale of rosaries, medals,

crucifixes, and similar objects, the manufacture of which ia

the sole industry of the place. The population in 1871
was only 1241 ; but, when the suburbs Montereale, Porta

Marina, and Casette are included, the population is given

as 4755, that of the commune being 8083. The number
of pilgrims is said to amount to about 500,000 annually.

The principal buildings, occupying the four sides of the

piazza, are the college of the Jesuits, the Palazzo Apostolico

(designed by Bramante), and the architecturally insig-

nificant cathedral church of the Holy House (Chiesa flella

Casa Santa). The handsome fagade of the church was
erected under Sixtus V., who fortified Loreto and gave it

the privileges of a town (1586) ; his colossal statue stands

in the middle of the flight of steps in front. Over the

principal doorway is a life-size bronze statue of the Virgin

and Child by Girolamo Lombardo ; the three superb bronze

doors executed under Paul V. (1605-21) are also by
Lombardo, his sons, and his pupils. The richly decorated

campanile, by Vanvitelli, is of great height ; the principal

bell, presented by Leo X. in 1516, weighs 11 tons.. The
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interior of tbe church has mosaics by Domenichiao and

Guido Reni, a beautiful bronze font and other works of

Kt ; but the chief object of interest is the Holy House itself,

(chich occujiies a central place. It is a plain brick build-

ing, measuring 28 feet by 12^, and 13i feet in height; it

Las a door on tho north side and a window on the west

;

and a nicho contains a small black image of the Virgin

and Child, in Lebanon cedar, and richly adorned with

jewels. St Luke is alleged to have been the sculptor ; its

workmanship suggests the latter half of the 15th century.

Around the Santa Casa is a lofty marble screen, designed

by Bramante, and executed under Popes Leo X., Clement

VII., and Paul III., by Andrea Sansovino, Girolamo

Lombardo, Bandinelli, Guglielmo della Porta, and others.

The four sides represent tho Annunciation, the Nativity, the

Arrival of the Santa Casa at Loreto, and the Nativity of the

Virgin respectively. The treasury of the church contains

s large variety of rich and curious votive offerings.

Tho legend of the Holy ITouse, by which Loreto became what
has been not inappropriately called the Christian Mecca, seems to

have sprung up, how is not exactly known, at the close of the crusad-

ing period. It is briefly referred to in the Italia Uhistyata of Flavius

Blondus, secretary to Popes Eugeuius IV.,ICichola3 V.,CaIixfus III.,

and Pius II. {ob. 1464) ; it is to be read in all its fulness in tho

"Redemptoris mundi Jl.itiis Ecclesise Lauretana historia," by a

certain Teremannns, contained in the Ojicra Omnia (1576) of Bap-

tista Mantuanus. According to this narrative the house at Nazareth

in wliich Jlary had been born and brought up, had received the

annunciation, and had lived during the childhood of Jesus and after

His ascension, was converted into a church by tbo apostles, and
worship continued to be held in it until the fall of the kingdom
of Jerusalem. Threatened with destruction by the Tnrks, it was
carried by angels through the air and deposited (1291) in the first

instance on a hill at Tersato in Dalmatia (some miles inland from
Zengg), where an appcarancs of the Virgin and numerous
miraculous cures attested its sacredncss, which was confirmed by
investigations made at Nazareth by messengers from the governor

of Dalmatia. In 1294 the angels carried it across the Adriatic to

a wood near Eecanati ; from this wood (lauretum), or from the name
of its proprietrix (Laureta), the chapel derived the name which
it still retains ("sacellum gloriosx Virginis in Laureto ").

From this spot it was afterwards (1295) removed to tho present
hill, one other slight adjustment being required to fix it in its

actual site. Bulls in favour of the shrine at Loreto were issued

by Sixtus IV. in 1491 and by Julius II. in 1507, the last

alluding to the translation of the house with some caution (" ut pie

creditur et fama est "). The recognition of the sanctuary by
subsequent pontiffs has already been alluded tol In the end of the

17th century Innocent XII. appointed a "missacumofiicioproprio"
for the feast of the Translation of the Holy House, and tho Festum
Translationis Almae Domus Lauretans B. M. Y. is still enjoined
in the Spanish Breviary as a "duplex majus " (December 10). In
the sixth lesson it is stated that " the house in which the Virgin was
bom, having been consecrated to tho divine mysteries, was by the
ministry of angels removed from the power of the infidels first to
Dalmatia and afterwards to the La'.irebui field during the pontificate

of Celestine V. That it is tho identical house in which the Word
was made flesh and dwelt among men is attested by papal docu-
ments, by the veneration of all the world, by continued miracles,
and by the grace of heavenly blessings.

"

LORIENT, capital of an arrondissement in the depart-

ment of Morbihan, and of one of the five maritime
prefectures of France, a mUitary port and fortified place,

stands on the right bank of the Scorif, at its confluence with
the Blavet, in 47° 45' N. lat. and 3° 31' W. long., on the
railway line from Nantes to Brest, at a distance of 1 1

7

miles from the former and 111 from the latter. The town,
which is modern and regularly built, contains no buildings

of Bpecial architectural or antiquarian interest; it derives
all 'its importance from its naval establishments lining the
righTibank of the river, which include sail-making works,
cooperages, and shops for all kinds of ship carpentry.

The rope-work forms a parallelogram more than 1000 feet

in length by 100 broad. The foundries, fitting shops, and
pmiths' shops are on an equally extensive scale, the forges

numbering eighty -four. Of the graving docks the largest

is 509 feet in length, about 98 in breadth, and more than
26 feet in depth below low-water mark. The Prde,. an

area of 40 acres reclaimed from the sea, contains boatbuild-

ing yards, steam saw-mills, and wood stores ; a Uoatiug

bridge ftOO feet long connects it with the shipbuilding

establishments of Caudan. which occupy the peninsula

formed by the confluence of the Scorff and the Blavet.

Apart from its naval constructions, in which Lorient holds

the first rank in France, it has an important place in the

manufacture of marine artillery. Private industry is also

engaged in engine making. The trade in fresh fish and

sardines within the arrondissement reaches an annual value

of 35 millions of francs. South from the town, also on

the Scorff, is the harbour, which comprises a dry dock and

a wet dock, measuring about 1650 feet by 200. The road-

stead, formed by the estuary of the Blavet, is accessible to

vessels of the largesj size ; the entrance, 3 or 4 miles

south from Lorient, which is defended by numerous forts,

is marked on the east by the peninsula of Gavre (an

artillery practising ground) and the fortified town of Port

Louis ; on the west are the fort of Loqueltas, and, higher

up, the battery of KemeveL In the middle of the

channel is the granite rock of St Michel, ooenpied by «
powder magazine. Opposite it, on the right bank of the

Blavet, is the mouth of the river Ter, with fish and oyster

breeding establishments, from which 10 millions of oysters

are annually obtained. Above Lorient on the Scorfi, here

spanned by a suspensionr bridge, is Kerantrech, a pretty

village surrounded by numerous country houses. The
population of Lorient in 1876 was 35,165, including

6360 of the military and official class.

Lorient has token the place of Port Louis as the port of the

Blavet. The latter stands on tho site of an ancient hamlet which
was fortified during the wars of the League and handed over by
JferccEur to the Spaniards. After tho treaty of Vervins it was
mtored to France, and it received its name of Port Loaia onder
Richelieu. Some Breton merchants trading with the Indies had
established themselves first at Port Louis, but in 1628 they bnUt
their warehouses on the other bank. The Compagnio des Indes,

created in 1664, took possession of these, giving them the name of

Lorient. In 1745 the company, then at the acme of its prosperity,

owned thirty-five ships of the largest class and many others of con-

siderable size. The failure of the attempt of the English under
Lestock against Lorient is stiU commemorated by the inhabitants

by an annual procession on the first Sonday of October. 1h»
decadence of the company dates from 1753. In 1782 the town wa*
acquiied by purchase by Louis XVI. , on the banknjptoy of it» formei

owners, the Kohan-Guemend family.

LORRAINE (LoTHABiNGiA, Lotheingen) is geogra-

phically the extensive Anatrasian portion of the realm

allotted by tho partition treaty of Verdun in August 843
to the emperor Lothair I., and inherited by his second

son, King Lothair II., 855-869, from whose days the

name Regnum Lothxrii first arose. This border-land

between the realms of the Eastern and Western Franks in

its original extent took in most of the Frisian lowlands

between the mouths of the Rhine and the Ems, and a strip

of the right shore of the Rhine to within a few miles of

Bonn. In the neighbourhood of Bingen it receded from
the left shore of the river bo as to exclude the diocesss of

TVorms and Spires, but to admit a certain connexion with

Alsace. Towards the west it included nearly the whole ter-

ritory which is watered by the rivers Moselle and Meuse,

hnd spread over the dioceses of Cologne, Treves, Metz, Toul,

Verdun, Li^ge, and CambraL Hence this artificial realm

embraced, broadly speaking, almost all modern Holland

aad Belgium (with the exception of Flanders), part of the

Prussian Rhine provinces, and what is still called Lorraine,

partly French and partly German, divided, however, from
Alsace and the Palatinate by the natural frontier line of

the Vosges and the Haardt mountains. Its inhabitants

were soon called Ulotharii, Lotharienus, Lotharingi. ZiO-

tharingia, as the designation of the country, hardly appeals

before the middle of the 10th century.

Up to this time Lorraine had belonged alternately to
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'thw eastern ftn<2 tJia western kingdom ever since Louis

kbe (Jerman and Charles the Bald divided the realm of

Lothair II. mora ethnographically by the treaty of Meersen,

August 8, STO. After the deposition in 887 of the em-

peror Charles III., who for a short time appeared at the

head of the three reunited realms, the country still

remained distinct, though the invasions of the Northmen
and feudal disintegration creeping in from the west vied to

tear it to pieces. Yet the emperor Arnulf, after his success

against the Scandinavians, restored some order, and made
his son Zwentebulch king over that part of the empire in

894. But he never overcame the difficulties inherent in a,

country peopled by Franks, Burgundians, Almains, Frisians,

and Scandinavians, speaking various Romance and Teutonic

dialects, the western group being evidently attracted by
the growth of a French, the eastern by that of a German
nationality. King Zwentebulch quarrelled with certain

powerful lords, offended mortally the bishops, especially

that of Treves, and finally lost his life in battle on the 13th

August 900. In the days of Louis the Child, the last of

the eastern Carolings, there rose to ducal dignity Reginar

Long-neck, count of Haspengau, Hennegau, or Hainault,

who owned a number of fiefs and monasteries in the diocese

of Li%e. He found it profitable to adhere to Charles,

king of the Western Franks, especially after Louis's death

in 911. His son Gisilbert from 915 began to rule the

Lotharingians likewise in opposition to Conrad I. and
Henry I., who were the successors of Louis the Child,

with the exception, however, of Alsace and the Frisian

districts, which now separated, definitively to remain with

the German kingdom. By the treaty of Bonn (921) the

Lotharingian duchy was ceded foi-mally to France, until

Henry I., profiting by the disunion between Charles the

Simple and his rivals, subdued Gisilbert and his dominion

(925), and about 928 returned it to him with the hand of

his daughter as a member of the German kingdom, though

rather more independent than other duchies. Its western

frontier now appears to have extended up to the Dutch
Zealands.

Henry's son, the great Otto L, when his brother rebelled

in conjunction with Eberhard and Gisilbert, the dukes of

Franconia and Lotharingia, beat and annihilated these two
vassals (939), and secured the latter country by a treaty

with the French king Louis ' IV., who married Gisilbert's

widow, entrusting it consecutively to his brother Henry,

to a Duke Otto, and from 944 to Conrad the Red, his

eon-in-law, Chiefiy with the help of the Lotharingians he

invaded France in order to reinstate ^he king, who had
been dethroned by his proud vassals. 'But a few years

later, when Liudulf, the son of King Otto and the English

Edith, and Duke Conrad, discontented with certain

measures, rose against their father and lord, the ever-

restless spirit of the Lotharingians broke out into new
pommotions. The stern king, however, suppressed them,

removed both his son and his son-in-law from their offices,

.and appointed his youngest brother, the learned and

statesmanlike Brun, archbishop of Cologne and chancellor of

the realm, to be also duke or, as ho is called, archduke of

Lotharingia. Brun snatched what was still left of demesne

lands and soroa wealthy abbeys like St Maximine near

Treves from the rapacious nobles, who had entirely converted

the offices of counts and other functionaries into hereditary

property. He presided over their diets, enforced the

public peace, and defended with their assistance the frontier

lands '"if Germany against the pernicious influence of the

death struggle fought between the last Carolings of Laon
and the dukes of Paris. Quelling the insurrections of a

younger Reginar in the lower or ripuarian regions, he

admitted a faithful Count Frederick, who possessed much
land in the Ardennes, at Verdun, and at Bar, to ducal

dignity. Although the emperor, after Brun's early death,

October 10, 965, took the border-land into his own handa,
he connived, as it appears, at the beginning of a final

division between an upper and a lower duchy,—leaving the

first to Frederick and his descendants, while the other,

administered by a Duke Gottfrid, was again disturbed by
a third Reginar and his brother Lambert of Louvain.
When Otto IL actually restored their fiefs to them in 976,
he nevertheless granted the lower duchy to Charles, a son
of the Caroling Louis IV., and his own aunt Gerberga.
Henceforth there are two duchies of Lorraine, the official

name applying originally only to the first, but the two
dignitaries being distinguished as Dux Mosellanorum and
Dux Ripuariorum, or later on Dux Metensis or Barrensis

e,nA.DuxLovaniensis, de Bralantia, Bullionis, or deLimhurg.
Both territories now swarmed with ecclesiastical and
temporal lords, who struggled to be independent, and,

though nominally the subjects of the German kings and
emperors, frequently held fiefs from the kings and the

grand seigneurs of France.

Between powerful vassals and encroaching neighbours the

imperial delegate in the lower duchy could only be a still

more powerful seigneur. But Duke Charles became the

captive of the bishop of Laon, and died in 994. His son,

Duke Otto, dying childless (1004), left two sisters married
to the counts of Louvain and Namur. Between 1012 and
1023 appears Duke Gottfrid I., son of a count of Verdun,
and supporter of the emperor Henry IL, who, fighting his

way against the counts of Louvain, Namur, Luxemburg,
and Holland, is succeeded by his brother"Gozelo I., hitherto-

margrave of Antwerp, who sines 1033, with the emperor's,

permission, ruled also Upper Lorraine, and defended the

frontier bravelyagainstthe incursions of Count Odo of Blois,

the adversary of Conrad II. At his death (1046) the upper
duchy w»nt to his second son Gottfrid, while the eldest,

Gozelo IL, succeeded in the lower, until he died childless

(1046). But Gottfrid IL (the Bearded), an energetic but
untrustworthy vassal, rebelled twice in alliance with

King Henry I. of France and Count Baldwin V. of Flanders

against the emperor Henry V., who opposed a union of

the duchies in such hands. Lower Lorraine therefore was-

given (1046) to Count Frederick of Luxemburg, after whose
death (1065) it was nevertheless held by Gottfrid, who in

the mean time, being banished the country, had married

Beatrice, the widow of Boniface of Tuscany, and acted a

prominent part in the affairs of Italy. As duke of Spoleto

and champion of the Holy See he rose to great importance

during the turbulent minority of Henry IV. When he
died December 21, 1069, his son Gottfrid III., the Hunch-
backed, succeeded in the lower duchy, who for a short time

was the husband to Matilda of Canossa, the daughter of

Boniface and Beatrice. Soon, however, he turned his

back on Italy and the pope, joined Henry IV., fought with

the Saxon rebels and Robert of Flanders, and in the end

was miserably murdered by an emissary of the count of

Holland, February 26, 1076. Conrad, the emperor's young
son, now held the duchy nominally till it was granted 1088
to Gottfrid IV., count of Bouillon, and son of Ida, a sister

of Gottfrid III., and Count Eustace of Boulogne, the hero

of the first crusade, who died king of Jerusalem in 1100.

After him Henry, count of Limburg, obtained the country;

but, adhering to the old emperor in his last struggles, he was
removed by the son in May 1 100 to make room for Gottfrid

v., the great-grandson to Lambert I., count of Lorraine, a
descendant of the first ducal house, which had been expelled

by Otto the Great. Nevertheless he joined his predecessor

in rebellion against the emperor (1114), but returned to his

side in the war about the see of Lidge. Later on he

opposed King Lothair III., who in turn supported Walram,

BOQ of Henry of Limburg, but died in peace with Conrad
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[FL, January 15, 1139. His son Gottfnd VI was the

ast duk6 of Lower Lorraine, and second duke of Brabant.

Henceforth the duchy spUt definitely into that of Limburg,

the inheritance of the counts of Verdun, and that of

Louvain or Brabant, the dominion of the ancient bne of

the counts of Haspengau. Various fragroenU remained in

the hands of the counts of Luxemburg, Namur, Flanders,

Holland, Juliers, &c.
, , , ^.

Upper Lorraine, a hilly table-land, is bordered on the

awt by the ridge of the Vosges, on the north by the

Ardennes, and on the south by the table-land of Langres.

Towards the west the open country stretches on into

Champagne. The Meuse and the Moselle, the latter with

its tributaries Meurthe and Saar, run through it from

3.E. to N.W. in a direction parallel to the ridge of the

Argonnes. In this country Duke Frederick was succeeded

by his eon and grandson till 103.3. Afterwards Gozelo L

and Gottfrid the Bearded, Count Albert of Alsace and hia

brother or nephew Gerard, held the duchy successively

under very insecure circumstances. The ducal territories

were even then on all sides surrounded and broken in upon,

not only by those of the three bishops, but also by the

powerful counts of Bar. Moreover, when in 1070 a new

dynasty was established in Theodoric, son of Count Gerard

of Alsace, his brother Gerard of Vaudemont became the

founder of a separate line. The former political and feudal

ties still connected the duchy with the empire. The bishops

were the suffragans of the archbishop of Treves, who rose

to be one of the prince-electors. The dukes, however, de-

scending from Theodoric in the male line, though much

weakened by the incessant dilapidation of their property,

for two centuries adhered generally to the emperor. Duke

Simon L was step-brother of the emperor Lothair ITI.; his

eon Matthew I. intermarried with the Hohenstaufen family.

His son and grandsons appear traditionally on the side of

Henry VI., Philip, Frederick IL, and but rarely prefer the

Welfish opponent Later on Theobald IL and Frederick IV.

supported Albert and Frederick of Austria against Louis the

Bavarian. Yet during the same age French feudaUsni and

chivalry, French custom and language, advanced steadily to

the disadvantage of German policy and German idioms

amongst knights and citizens. King Philip Augustus

already promoted Frencnmen' to the sees of Cembrai,

Verdun, and TouL Though rtmaining a fief of the empire,

the duchy of Lorraine itself, a loose accumulation of

centrifugal elements, was irresistibly attracted by its

western neighbour, although the progress -of French

monarchy for a time was violently checked by the English

invasion. Duke Rudolf, a great grandson of Rudolf of

Hapsburg, died at Cr^cy among the French chivalry, like

his brother-in-law the count of Bar. To his son John, who

was poisoned at Paris (1391), Charles, called the Bold,

succeeded, while his "brother Frederick, who was slain at

Agincourt, had annexed the county of Vaudemont by right

of his wife. Charles, who died in 1^31 without male

issue, had bestowed his daughter Isabella in marriage on

Ren6, count of Anjou, and titular king of Naples, Sicily,

and Jerusalem, and also a French vassal for fragments of

the duchy of Bar, and the fiefs of Pont k Mousson and

Guise. However, when he obtained by right of his wife

the duchy of Lorraine, he was defeated by Anthony, the

son of Frederick of Vaudemont. But by his daughter

lolanthe marrying Frederick II. , Count Anthony's son and

heir, the duchies of Lorraine and Bar were in the end

united by Een^ IL with the county of Vaudemont and its

dependencies Aumale, Mayenne, and Elbceuf.' In the mean-

time all these prospects were nearly annihilated by the

conquests of Charles of Burgundy, who evidently had chosen

Lorraine to be the keystone of a vast realm stretching from

th* NoHh Sea to the Mcdilerraneau. This new border

empire, separating Germany from France, fell almost in-

stantly to pieces, however, when the bold Burgundian lost

his conquests and his life in the battle of Nancy, January 4,

1477. After this the duchy tottered on, merging ever more

into the «treain of French history, though its bishops were

princes of the empire and resided in imperial cities. At

the death of Ren6 II. (1508), his eldest son Anthony, who
had been educated in the court of France, inherited

Lorraine with its dependencies. The second, Claude, was

first duke of Guise, and the third, John, alternately or

conjointly with his nephew Nicolaus, bishop of Metz, Toul,

and Verdun, better known as the cardinal of Lorraine.

Still the old connexion reappeared occasionally during the

French wars of the emperor Charles V. In 1525 the

country was invaded by German insurgents, and Lutheran-

ism began to spread in the towns. When Maurice, elector

of Saxony, and the German princes rose agaiust the

emperor (1552), they sold the three bishoprics and the

cities of Toul, Metz, and Verdun, as well as Cambrai, to

King Henry IL, and hailed him as imperial vicar and

vindex libertatii Germanix. In vain did Charles V. lay

siege to Metz for nearly three months ; the town, already

entirely French, was successfully defended by the duke of

Guise. German heresy also lost its hold in these territories

owing to the Catholic influence of the house of Guise,

which ruled the court of France during an eventful period.

Charles IL, the grandson of Duke Anthony, who as a

descendant of Charles the Caroling even ventured to claim

the French crown against the house of Bourbon, had by

his wife, a daughter of King Henry II. , two sons. But

Henry, the eldest, brother"in-law to Henry of Navarre,

leaving no sons, the duchy at his death, July 31, 1624,

reverted to his brother Francis, who, on November 26,

1625, resigned it in favour of his son Charles III., the

husband of Duke Henry's eldest daughter. Siding against

Richelieu with the house of Austria and Duke Gaston of

Orleans, Charles, after being driven out by the French and

the Swedes, resigned the duchy, January 19, 1634 ;
and

like the three bishoprics it was actually allotted to France

by the peace of Westphalia. The duke, however, after

fighting with the Fronde, and with Cond6 and Spain against

Turenne and Mazarin, and quarrelling in turnwith Spain, was

nevertheless reinstated by the treaty of the Pyrenees (1659)

under hard conditions. He had to cede the duchy of Bar, to

raze the fortifications of Nancy, and to yield the French free

passage to the bishoprics and Alsace. But, restless as ever,

after trying to be raised among the princes of the blood

royal in return for a promise to cede the duchy, he broke

again with Louis XIV., and was expelled once more together

with his nephew and heir Charles IV. Leopold. Both

fought in the Dutch war on the German side in the vain

hope of reconquering their country. When Charles IV.

after his uncle's death refused to yield the towns of Longwy

and Nancy according to the peace of Nimeguen, Louis

XIV. retained the duchy, while its proprietor acted as

governor of Tyrol, and fought the Turks for the emperor

Leopold I., whose sister he had married. In the next

French war he commanded the imperial troops. Hence

his son Leopold Joseph, at the cost of Saarlouis, regained

the duchy once more by the treaty of Ryswick (1697). This

prince carefuUy held the balance between the contending

parties, when Europe struggled for and against the Bourbon

succession in Spain, so that his court became a sanctuary

for pretenders and persecuted partisans. His second son

Francis Stephen, by a daughter of Duke Philip of Orleans,

and his nelr since 1729, surrendered the duchy ultimately,

owing to the defeat of Austria in the war for the Polish

crown (1735). This being lost by Stanislaus Leszczynski,

the father-in-law of Louis XV., the usufruct of Lorraine

and a comfortable residence at Nancy were granted to the



Polish prince till his death (1766). And now for more than

a century all Lorraine and Alsace up to the Rhine were
French. Meanwhile Francis Stephen, since 1736 the

husband of Archduchess Maria Theresa, had obtained in

compensation the grand-duchy of Tuscany, where the last

of the Medici died in 1737. He became his wife's coregent

in the Austrian provinces (1740), and was elected king of

the Romans and crowned emperor 1745, the ancestor of

the present rulers of Austria. When in the recent Franco-

German war both Strasburg and Metz were taken by the

German troops after a gallant defence, the French had to

submit in the peace of Frankfort, May 10, 1871, to the

political and strategical decisions of the conquerors. Old
German territory, all Alsace, and a portion of Lorraine,

the upper valley of the Saar, the strong fortresses of

Diedenhofen (Thionville) and Metz on the Moselle, with

the surrounding districts, viz., the greater part of the

Moselle and the Meurthe departments, where here and there

German is still the language of the inhabitants, were the

spoils of victory. They are now united and administered

in all civil and military matters as an imperial province of

the new German empire.

See Calmet, Histoire Ecclesiastique et civile dc la Lorraine,

3 vols. ; MascoT, Disscrtatio ch ncxu Lotharingise regni cum
ivipcrio Eomano Germanico; Usinger, " Das deutsche Staatsgebiet

bis gegen Ende des eilften Jahrhunderts," Hint. Zcitschrift,

xxvii. 374; Waitz, Deidsche Vcrfassimgsgeschichte, vols, v.-vii.

;

Giesebrecht, GescMchte der DciUschcn Kaiscrzeit, vols. i.-v. ; Henri
Martin, Histoire de France, 17 vols.; Ranke, Deutsche Gcschichte

im Zeilalter der Beformation, 6 vols. ; Eanke, Franzosische

Oeschichte, 5 vols. ; A. Schmidt, Flsass imd Lothringen, Nachweis
wie diese Provinzen dem deutschen Seiche verlorcn gingcn,

1859. (R. P.)

LORY, a word of Malayan origin signifying Parrot,^ in

general use with but slight variation of form in many
European languages, is the name of certain birds of the

order Psittaci, mostly from the Moluccas and New Guinea,

which are remarkable for their bright scarlet or crimson

colouring, though also, and perhaps subsequently, applied

to some others in which the plumage is chiefly green. The
" Lories " have been referred to a considerable number of

genera, of which Eclectus, Lorius (the Domicella of some
authors), Eos, and Chalcopsittacus maybe here particularized,

while under the equally vague name of " Lorikeets " may
be comprehended the' genera Charmosyna, Loriculus, and
Coriphilus. By most systematists some of these forms

have been placed far apart, even in different families of

Psittaci, but Garrod has shown {Proc. Zool. Society, 1874,

pp. 586-598, and 1876, p. 692) the many common
characters they possess, which thus goes some way to justify

the relationship implied by their popular designation. The
latest and perhaps the most complete account of these birds

is to be found in the first part of Count T. Salvadori's

' The anonymous author of a Vocabulary of the English and Malay
Languages, published at Batavia in 1879, in which the words are

professedly spelt according to their pronunciation, giVes it " looree."

Buffon (Hist. Nat. Oiseaux, vi. p. 125) states that it comes from the
bird's cry, which is likely enough in the case of captive examples
taught to utter a sound resembling that of the name by which they
are *Y)mraouly called. Nieuhoff (Voyages par mer et par terre d
diffe7enis licux des Indes, Amsterdam, 1682-92) seems to have first

made the word "Lory" known (of. Bay, Synops. Avium, p. 151).

Crawfurd (Diet. Engl, and Ji'.i-j Languages, p. 127) spells it

" nori " or " nuri "
; and in tl.' jrst of these forma it is used, says

Dr Finsch (Die Papageien, ii. ,i. 732), by Pigafetta. Aldrovandus
(Ornithologia, lib. xi. cap. 1) noticed a Parrot called in Java " nor,"

and Clusius (Exotica, p. 364) has the same word. This will account
for the name " noyra " or " noira " applied by the Portuguese, accord-

ing to Buffon (ut supra, pp. 125-127); but the modern Portuguese
seem to call a' Parrot generally " Louro," and in the same language

that word is used as an adjective, signifying bright in colour. The
French write the word " Loury "

(cf. Littre, si«J voce). The Lory of

colonists in South Africa is a ToDBACOO (i/.d. ) ; and King Lory is a

name applied by dealers in birds to tho Australian Parrots of tho

^enU3 Aprosmictus.

Ornitologia della Papuasia t delle Molucche, published at
Turin in 1880, though he does not entirely accept Garrod's
arrangement. Of the genus Eclectus the Italian naturalist
admits five species, namely, E. pectoralis and E. roratus,
(which are respectively the polychlorus and grandis of most
authors), E. cardinalis (otherwise intermedius), E. wester-
mani, and E. cornelia—the last two from an unknown
habitat, though doubtless within the limits of his labour,
while the first seems to range from Waigiou and Mysol
through New Guinea, including the Kei and Aru groups,
to the Solomon Islands, and the second is peculiar to the
Moluccas and the third to Bouru, Amboyna, and Ceram.
Still more recently Dr A. B, Meyer has described [Proc.
Zool. Society, 1881, p. 917) what he considers to be
another species, E. riedeli, from Cera or Seirah, one of the
Tenimber group, of which Timor Laut is the chief, to the
south-west of New Guinea.^ Much interest has been
excited of late by the discovery in 1873, by the traveller

and naturalist last named, that the birds of this genus
possessing a red plumage were the females of those wearing
green feathers. So unexpected a discovery, which was
announced by Dr Meyer on the 4th of March 1874, to

the Zoological and Botanical Society of Vienna,' naturally

provoked not a little controversy, for the difference of

coloration is so marked that it had even been proposed to

separate" the Green from the Red Lories generically ^; but
now the truth of his assertion is generally admitted, and
the story is very fully told by him in a note contributed

to Gou\6.'a Birds of Neio Guinea (part viii., 1st October

1878), though several interesting matters therewith con-

nected are still undetermined. Among these is the question

of the colour of the first plumage of the young, a point not

without important signification to the student of phylo-
geny.s

Though the name Lory has long been used for the species

of Eclectus, and some other genera related thereto, some
writers would restrict its application to the birds of the

genera Lorius, Eos, Chalcopsittacus, and their near allies,

which are often placed in a subfamily, Loriinx, belonging

to the so-called Family of Trichoglossidee, or "Brush-
tongued " Parrots. Garrod in the course of his investiga-

tions on the anatomy of Psittaci was led not to attach

much importance to the structure indicated by the epithet
" brush-tongued," stating {Proc. Zool. Society, 1874,

p. 597) that it "is only an excessive development of the

papillae which are always found on the lingual surface."

The birds of this group are very characteristic of the New-
Guinea Subregion," in which occur, according to Count
Salvadori, ten species of Lorius, eight of Eos, and four of

Chalcopsittacus ; but none seem here to require any further

notice,'' though among them, and particularly in the genus

Eos, are included some of the most richly-coloured birds

to be found in the whole world ; nor does it appear that

more need be said of the so-called Lorikeets. (a. n.)

LOS ANGELES, a city of the United States, the capital

of Los Angeles county, California, is situated in the low-

land between the Sierra Madre and the Pacific, about 17

miles from the coast, on the west bank of a stream of its

^ There seems just a possibility of this, however, proving identical

with either E. weskrmani or E. cornelia—both of which are very rare

in collections.

5 Verhandl. z.-h. OeselUch. Wien, 1874, p. 179 ; and Zool. Garten,

1874, p. 161.
• Proc. Zool. Society, 1857, p. 226.
' The chemical constitution of the colouring matter of the feathers

in Eclectus has been treated by Dr Krukenberg of Heidelberg ( Vergl.

physiol. Studieti, Reihe ii. Abtli. i. p. 161, reprinted in Millheil.

Orn. Vercines in Wien, 1881, p. 83).

' They extend, however, to Fiji, Tahiti, and Fanning Island.

' Unless it be Orcopsittacua arfaki, of New Guinea, remarkable as

tlie only Parrot known as yet to have fourteen instead of twelve

rectrices.
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own name. It lies 483 miles by rail soutb-south-east of

San Francisco on the Southern Pacific Railroad, andis

connected by branch lines with Wilmington, Santa Monica

(both on the coast), and Santa Ana. As the centre of ft

fine orange and grape growing country, and a resort for

invalids, Los- Angeles is a place of some importance; and

since the opening of the railways it has been in full

prosperity, the old adobe buildings rapidly giving place to

more substantial structures. Pounded in 1781 by the

Spaniards, it received the name "Town of the Queen of

the Angels" {Pueblo de la Reina de los Angeles) as a

tribute to the beauty and pleasantness of the spot. It

was the capital of the Mexican state of California from

1836 to 1846, in which latter year it was captured by-

United States forces. The population has increased from

B72S in 1870 to 11,311 in 1880.

LOT, the ancestor of Moab and Ammon, was the son of

Haran and grandson of Terah, and accompanied his uncle

Abraham in his migration from Haran to Canaan. At

Bethel 1 Lot separated from Abraham, and, while the uncle

went on to Hebron, the nephew settled in the district of

Bodom. When Jehovah was about to destroy Sodom and

the other cities of the plain two divine messengers appeared,

spent the night in Lot's house, and next morning led Lot,

his wife, and his two unmarried daughters out of the city.

His wife looked back and was changed to a pillar of salt,^

but Lot with his two daughters escaped first to Zoar and

then to the mountains east of the Dead Sea, where the

daughters, supposing themselves the only survivors of the

catastrophe that had destroyed their home, planned and

executed an incest by which they became mothers. The

sons were the ancestors of Ammon and Moab. Such is

the outline of the Jahvistic history of Lot, which the

p'=estly narrator epitomizes in a few words, the only

Bv,«<teraent peculiar to his narrative being that in Gen. xi.

27-32. ' The account of Chedorlaomer's invasion and of

Lot's rescue by Abraham belongs to an independent source,

the age" and historical value of which has been much

disputed. See on the one hand Ewald, Gesckichte, vol i., and

Tuch in his Genesis, and in an essay originally published

in Z.D.M.G., vol i., and reprinted in the second edition of

his Genesis, and on the other hand the essay in Noldeke,

Untersuchungen, and Wellhausen, ut supra, p. 414.

The name Lot (Di^j signifies "a veil," which has led Goldzieher,

ifidhologic, p. 216 sq., to the arbitrary hypothesis that the story of

Lot and liis daughters is a myth about the night. Lot and his

daughters passed into Arabic tradition -from the Jews. The

daughters are named Zahy and Ra'wa by Mas'iidy, ii 139 ; but

Other Arabian wTiters give other forms.

LOT, a south-westerly department of central France,

corresponding to what was formerly known as Quercy

(the country of the Cadurci), a district of the _old

province of Guyenne, is situated between 44° 12' and 45° 5'

N. lat., and between 1° and 2° 12' E. long., and is

bounded on the N. by Correze, on the W. by Dordogne

and Lotet-Garonne, on the S. by Tarn-et-Garonne, and on

the E. by Aveyron and Cantal. Its extreme length, from

aorth-east to south-west, is about 52 miles, and its breadth

from north-west to south-east 31 miles, with an area of

2013 sqnarp miles. It slopes towards the south-west, from

A maximum altitude of 2560 feet on the borders of Cantal

to a minimum of 213 feet at the point where the river Lot

quits the department, through a wide geological range

beginning with primary rocks (granite, gneiss, mica-schists),

> In Gen. xii. 10 sq., where Abraham's visit to Egypt is recorded,

there is no mention of Lot, and Wellhausen {Jafirb. f. D. Theol,

1876 p. 413) has made It probable that this episode is no part of the

Jahvistic narrative, to which the history of Lot mainly belongs.

» Such a pillar in the neighbourhood of Usdum is described by

Lynch, Narrative, p.. 307. See also Robinson. Bib. Ra., 2d ed.,

ii. 108.

which are succeeded by lias, oolitic limestone (occupying

the gxsaiar portion of the area), chalks, and finally by

Tertiary formations. Th» Let, which traverses it from east

to wast, is navigable for the whole distance (78 miles) with

the help of locks; its principal tributary within the

department is the Cel6 (on the right). In the north of the

department the Dordogne has a course of 37 miles; among

its tributaries are the Cere, which has its rise in Cantal,

and the Ouysse, a river of no great length, but remarkable

for the abundance of its waters. The streams in the south

of Lot all flow into the Tarn. By the Dordogne and Lot

the surface is divided into a number of limestone plateaus

known by the name of "causses"; that to the north of

the Dprdogne is called the Causse de Martel ; between the

Dordogne and the Loi. is the Causse de Gramat or de

Rocamadour : south of the Lot is the Causse de Cahors.

These " causses," owing to the rapid disappearance of the

rain through the faults in the4imestone, have for the most

part an arid appearance, and their rivulets are generally

mere dry beds; but their altitude (from 700 to 1300 feet,

much lower therefore than that of the similar plateaus in

Lozfere, Hirault, and Aveyron) admits of the cultivation of

the vine; they also yield a small quantity of maize, wheat,

oats, rye, and potatoes, and some wood. .The deep interven-

ing valleys are full of verdure, being well watered by abund-

ant springs supplied by drainage from the plateaux above.

The climate is on the whole that of the Girondine region

;

the vaUeys are warm, and the rainfall is somewhat above the

average for France. The difference of temperature between

the higher parts of the department belonging to the central

plateau and the sheltered valleys of the south-west is con^

siderable. Of the entire area of the department 691,y2a

acres are arable, 222,402 are forest land, 168,038 are

occupied by vineyards, 64,250 are heath, and 61,778 are

meadow. Sheep are the most abundant kind of live stock

;

but pigs, horned cattle, horses, asses, and mules, and goats

are also reared, as well as poultry in large quantities, and

bees. Wine is the principal product of the department,

the most valued being that of Cahors or Cote du Lot. It

is used partly for blending with other wines and partly for

local consumption. The north-east cantons supply large

quantities of chestnuts ; apples, cherries, and peaches are

common, and the department also grows tobacco and

supplies truffles. The iron, lead, and zinc deposits are

unimportant. Marble, millstones, limestone, and clay are

obtained to some extent, but phosphate of lime is the most

valuable mineral product of Lot. The manufactures are

inconsiderable; but there are numerous mills, and wool

spinning and carding as well as cloth making, tanning,

currying, brewing, and agricultural implement making are

carried on to some extent. The exports consist of grain,

flour, wine, brandy, live stock, nuts, truffles, prunes, tobacco,

wood, phosphate of lime, leather, and wool. The popu-

lation in 1876 was 276,512. The three arrondissementa

are Cahors. Figeac, and Gourdon ; there are twenty-nine

cantons and three hundred and twenty-three communes.

LOT-ET-GARONNE, a department of south-western

France, made up of Agenais and Bazadais, two districts oj

the former province of Guyenn^, and Condomois and

Lomagne, formerly portions of ' Gascony, lies between

43° 50' and 44° 45' N. lat, and 1° 7' E. and 8' W. long., and

is bounded on the W. by Gironde, on the N. by Dordogne,

on the E. by Lot and Tarn-et-Garonne, on the S. by Gers,

and on the S.W. by Landes ; its extreme length from

south-west to north-east is 62 miles, and it has an area ol

2067 square miles. The Garonne, which traverses the

department from south-east to north-west, divides it into

two unequal parts ; in that to the north the slope is froa

east to west, while in that to the south it is directly from

south to north. A small portion in the south-west belongs
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to the sterile region of the Landes; the valleys of the
Garonne and of the Lot (its greatest affluent here) on the
other hand are proverbial for their fertility. The wildest
part is in the borders of Dordogne, where oak, chestnut,
and beech forests are numerous; the highest point is also
here (896 feet). The Garonne, where it quits the depart-
ment, is only some 33 or 36 feet above the sea-level ; it is
navigable throughout, with the help of its lateral canal,
as also are the Lot and Bayse with the help of locks. The
Dropt, a right affluent of the Garonne in the north of the
department, is also navigable in the lower part of its
course. The climate is that of the Girondine region, the
mean temperature of Agen being se^-G Fahr., or 5° above
that of Paris; the rainfall (31-5 inches) is also above
the average of France. Of the entire area 741,342 acres
are arable, 210,047 are vineyard, 172,980 under wood,
85,254 natural meadow, and 56,836 waste. Horned cattle
are the chief livestock; next in order come pigs, sheep,
horses, asses, and mules, and a small number of goats.
Poultry and bees are also reared. Its wines and its cereals
are a great source of wealth to the department; in 1875
488,000 quarters of grain and 14,000,000 gallons of
wme were produced. Potatoes, beetroot, pulse, and maize
are also largely grown ; next come rye, barley, meslin, and
buckwheat. In 1877 7759 acres produced 5,838,849 lb
of tobacco, worth upwards of two million francs. Colza,
hemp, and flax are also extensively cultivated. The fruit
harvest (nuts, chestnuts, apricots) is large and valuable, the
prunes which take their name from Agen being eepecially
in 'demand. The forests in the south-west supply pine
.wood and cork. The forges, high furnaces, and foundries
of the department are important; brazier's ware is also
produced ; and there are workshops for the manufacture of
agricultural implements and other machiries. The making
of plaster, lime, and liydraulic cement, of tiles, bricks, and
pottery, of confectionery and other eatables, and brewing
and distilling, occupy many of the inhabitants. a"
Tonneins there is a national tobacco manufactory, and the
list of industries is completed by the mention of boatbuild-
ing, cork cutting, hat and candle making, wool spinning,
weaving of woollen and cotton stufls, tanning, paper
making, oil making, and flour and saw milling. In 1876
the population was 316,920 (1100 Protestants). The
inhabitants speak a patois in which elegant and graceful
works have been written, such as the poems of Jasmjn
(q.v.). The arrondissements are four,—Agen, Marmande,
N^rac, and Villeneuve; and there are thirty-five cantons
and three hundred and twenty-five communes.
LOTHAIR L, Roman emperor, eldest son of Louis the

Pious, was born in 795. At a diet held at Aix-la-Chapelle
in '817 he received Austrasia with the greater part of
Germany, and was associated with his father in the empire,
while separate territories were granted to his brothers
Louis and Pippin. This arrangement being modified in
favour of Louis's youngest son Charles (afterwards Charles
the Bald), the three brothers repeatedly rebelled, and for
a time Lothair usurped supreme power. After the death
of Louis in 840, Lothair, as his successor, claimed the
right to govern the whole empire. His brothers Louis
and Charles (Pippin being dead) united against him, and
in 841 he was defeated in the great battle of Fontenay.
On the 11th of August 843 the war was brought to an
end by the treaty of Verdun, by which Lothair wiis con-
firmed in the imperial title, but received as his immediate
territory only Italy (which he had ruled from 822) with
a long narrow district reaching past the Rhone and the
Rhine to the North Sea. His subsequent reign was full

of trouble, for many of his vassals had become virtually

independent, and he was unable to contend successfully

with the Norsemen and the Saracens. In 855, weary of

9
the cares of government, he divided his kingdom amoiii-
his sons, and retired to the monastery of Priim, where he
died on the 28th of September of the same year. As
emperor he was succeeded by his son Louis II.

LOTHAIR THE Saxon, German king and Roman
emperor, was originally count of Suplinburg. In 1106 he
was made duke of Saxony by the emperor Henry V.,
against whom he afterwards repeatedly rebelled. A<'ter
the death of Henry V. in 1125, the party which supported
imperial in opposition to papal claims wished to grant the
crown to Duke Frederick of Swabia, grandson of Henry
IV. The papal party, however, headed by Archbishop
Adalbert of Mainz, managed to secure the election of
Lothair, who obtained their favour by making large con-
cessions by which he was afterwards seriously hampered.
In 1133 he was crowned emperor in Rome by Innocent
II., whom he had su[)ported in a disputed papal election.
In later times the church pretended that he had done
homage to the pope for the empire, but what he really
received in fief was the hereditary territory of the Countess
Matilda. Meanwhile he had been engaged in bitter strife
with the Hohenstaufen family, from whom he had
demanded the allodial lands which they had inherited from
the emperor Henry V. Duke Frederick of Swabia, and
his brother Conrad, had resisted these pretensions ; and
Conrad had even been crowned king in Slilan. The quarrel
was ultimately settled by the lands in dispute being
granted in fief to the house of Hohenstaufen. In order
to strengthen his position, Lothair had given his daughter
Gertrude (a child of eleven) in marriage to Henry the
Proud, duke of Bavaria, whom he made also duke of
Saxony. Henry was further euriched by receiving the
hereditary and imperial territories of the Countess Matilda,
so that the Guelphs became by far the most powerful
family in the empire. Lothair secured other important
adherents by giving North Saxony (afterwards Brandenburg)
to Albert the Bear, and Thuringia (which he took from
Landgrave Hermann) to Count Louis. In his relations to
the neighbouring populations Lothair acted with great
vigour. The duke of Bohemia aud the duke of Poland were
compelled to do homage, and the margraviate of Meissen
and the county of Burgundy he gave to two of his
supporters, the former to. Count Conrad of Wettin, the
latter to Duke Conrad of Ziihringen. The kingdom of
the Abotrites he granted to the Danish king Cnut ; and
Cnut's successor Magnus was forced to accept it as a fief

of the empire. In 1136 Lothair undertook a second
expedition to Italy for the defence of Pope Innocent II.

against Roger of Sicily, and after accomplishing his object
he died on the 3d of December 1137, in an Alpine hut
Dear Trent, on his way back to Germany. During his

reign the papacy gained ground in its rivalry with the

empire, but he displayed courage and resource in maintain-
ing the rights of the crown against all his secular opponents.

See Gervais, Politisclit OcschiclUe DciUschlan<h tintcr dcr Rcgierunii
der Kaiser Ecinrkh V. und Lothar III., 1841-42 ; Jaflt,

Geschichic dcs dcutschcn Hciclis untcr Lothar dan SacJticn, 1843.

LOTHIAN, LoTHENE, Laodonia, a name whose origin

is unknown, 1 now preserved in the three Scottish counties of

East, West, and Mid Lothian

—

Haddington, Linlithgow,
and EDiNBUKcn (</.!'.)—originally extended from the Forth
to the Tweed. The Forth separated it from Celtic Alba, and
the Tweed from the southern part of Bryneich (Bernicia).

Its western boundaries appear to have been the Cheviots

and the Lowthers. After the Anglo-Saxon migration it

formed part of the Anglian kingdom of Northumberland,
founded by Ida the Flame-bearer in 547, which in its

' Loth, son of Anna, the sister of Arthur, a Scottish consul anO
lord of Laudoni.i (Foniiin, iii. 24), tho Llew of the Aithurian legend
(Sl<ene Four Books of Wales, cliap. iv.), is, of coulee, an ejvonynius.
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widest extent, under tlie powerful Northumbrian kings of

the 7th century, reached from the Huniber to the Forth.

A different but allied branch of the Angles settled along

the tributaries of the Tweed, and the Cheviot, Lowther,

iloorfoot, and Pentland (Pictish) hiils separated the colon-

ists of southern Scotland from the British kingdom of

Strath Clyde or Cumbria. ITie victories of Catrseth (596)

and DiBgsastan (603) in the reign of Ethelfrith represent

the close of the struggle which drove the British or Cumbrian

Celts (Cymry) into the western hill country, afterwards

known as Westmoreland and Cumberland, and the Plots

to the north of the Forth and Clyde, so that Anglian

Northumberland secured the former river as its northern

boundary, and even f?r a time threatened to pass

it. Edwin of Deira (617-33), the chief king of England

in his time, probably founded Edinburgh, although its

Celtic name Dun Eden has been thought by some to suggest

a different derivation. Egfrid at the close of the 7th

century established an Anglian bishop at Abercoru on the

Forth, but was defeated and slain at Nechtansmere, or

Dunnichen, in Forfarshire by the Pictish king Brude (685),

and Trumwine the bishop at Abercorn was forced to retire

to Whitby. In the 8th century the Northumbrian kings

were engaged in a conflict with Mercia, and in 827 the

supremacy of Egbert, the founder of the West Saxon
monarchy, was acknowledged, although on the part of the

Northumbrians the recognition must have been at first

almost nominal, for it was not until more than a century

later that Athelstan, by the victory of Brunanburg (937)

over the allied Welsh, Scots, and Northumbrian Danes,

really extended the boundaries of the Wessex kingdom
over the greater part of Northumbria, which was reduced

to an earldom by Edred in 954. Athelstan had in 93t
ravaged Scotland north of the Forth, and must for a time

have reduced Lothian, the northern district of Northumber-

land, but it does not appear that either he or any of his

successors had real sovereignty over Lothian, which was

left to the rule of Northumbrian earls, sometimes of

Anglian and at other times of Danish race. Its population

continued Anglian, as is proved by the fact that there are

no Danish monuments and few Danish place names
between the Tweed and the Forth. The Scottish Celts,

like the English Anglo-Saxons, were during this period

occupied with warding off the Danes and Norsemen, but

about the middle of the 9th century Kenneth Macalpine

united the Scottish and Pictish kingdoms, and fixed the

capital at Scone. This monarch is said by the Pictish

chronicle to have six times invaded Saxony (the name
given by the Celts to the Anglo-Saxon territory), and to

have burnt Dunbar and Melrose. The Auglians of

Northumbria had been converted to Christianity by
Paulinus in 627, and reconverted by a Celtic mission from

lona between 635 and 651 under Aidan, who planted a

mission station -^a southern lona—on the Holy Island, and

became first bishop of Lindisfarne. Cuthbert, one of his

successors in this bishopi:ic, which had become Anglian and
conformed to the Eoman ritual and discipline after the

council of Whitby (661), has the credit of spreading the

gospel in Lothian, where he had been first monk and tfien

prior of the recently founded monastery of Melrose.

About the middle of the 10th century (954-62)
Edinburgh was abandoned by the Northumbrian Angles

and occupied by Indulph, son of Constantine, king of the

Scots. According to John of Wallingford and Eoger of

Wendover, Edgar the West Saxon king ceded in 966
Lothian to Kenneth III., son of' Malcolm I., on condition

that he should do homage for it and give pledges not to

deprive the people of that region of their ancient customs,

and that thoy should still retain the name and language
of the Angles. This cessioo, which is not in the older

chronicles, has oeen matter of controversy between Freeman
{Norman Conquest, i., note B, p. 610), who accepts the

statement, and E. W. Robertson (Scotland under her Early
Kings, \. 390) and Skene {Celtic Scotland, L 370), who
reject it upon what appear better grounds. But the

dispute is of small importance, as it is admitted on the

authority of Simeon of Durham that, whether or not it waa
then ceded on. condition of homage, it was annexed to

Scotland by conquest in 1018 in consequence of the victory

at Carham by Malcolm the son of Kenneth over the

Northumbrian earl Eadulf Ciudel,—" Hoc modo," says

Simeon writing before 1129, "Lodonium adjectum est

regno Scotias." Canute and William the Conqueror made
temporary conquests of Scotland including Lothian, and
homage of various kinds was rendered to them and other

Norman monarchs, but there is no trace of any special

homage for Lothian except in two dubious charters by
Edgar to William Rufus, so that it seems certain that from

the beginning of the 11th century it was an integral part

of Scotland. Freeman, in his Historical Geography, styles

it an English earldom, but it is never so called in any

authentic record. While it was an integral part of

Scotland its population was recognized as a distinct

branch of the Scottish nation, and the men of Lothian are

frequently separately named, as in the contemporary

account of the Battle of the Standard (1138). It also

retained its language, customs, and laws, which were those

of the Angles of Northumbria, Although united in civil

government to Scotland, Lothian, or at least many places

in it, continued ecclesiastically subject to the see of

Durham, which had succeeded that of Lindisfarne, until

the beginning of the 12th century (Stubbs and Haddan,
Concilia, ii. p. 161), but it then came under the bishop of

St Andrews, and was divided into three rural deaneries,

the Merse, Haddington, and Linlithgow, with an arch-

deacon of Lothian, who first distinctly appears under that

name at the commencement of the 13th century.

The division of Scotland into shires was probably made
by David I., and Lothian included the shires of Berwick or

the Merse (the march or borderland, as English Mercia

and Spanish Murcia), Roxburgh, and Edinburgh, which

included the constabularies of Haddington and Linlithgow,

afterwards erected into separate counties. Its principal

burghs — Berwick, Roxburgh, and Edinburgh— formed

along with Stirling the court of the four burghs, whose
laws were collected by David I. (" Leges Quatuor Burg-

orum," Act. Pari. Scot., i. 327), and whose meeting-place

was Haddington, but the frequent occupation of Berwick
and Roxburgh by the English caused Lanark and Linlithgow

ti) be substituted, and the place of meeting to be changed
to Stirling in 1368. The convention of royal burghs may
be traced back to this court.

The independence of Scotland, including Lothian, though
frequently disputed by the English sovereigns, was always

maintained by the Scotch, except when surrendered by
William the Lion as a prisoner by the treaty of Falaise

1174, cancelled by Richard I. in 1189. It was finally

acknowledged by Edward I. in the treaty of Brigham, but
after the death of the Maid of Norway this acknowledg-

ment was repudiated, and it was only finally, established

by the war of independence, and definitely recognized in

the treaty of Northampton in 1328.

By a singular but fortunate series of events, of which
the first was the marriage of Malcolm Canmore with the

Saxon princess Margaret, Lothian, the Anglian part of the

Scottish kingdom, though its borderland, became its centre.

Edinburgh, its chief town, was from that time a favourite

residence of the court, ana under the Stuart kings became
the capital of the kingdom. Its language, the dialect of

northern England, became the basis of the Lowland Scots.
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at first called Inglys or English, but afterwaras Scotcb,

when Celtic, Erse, or Gaelic had ceased to be spoken in

the lowland districts, in distinction from southern English.

Its customary law, with additions prior to the war of in-

dependence of Norman feudal institutions from England,

is the basis of those parts of the common law of Scot-

land which are not taken from Roman jurisprudence.

And it was from Lothian that Anglo-Saxon and Anglo-

Norman civilization radiated to the remotest parts of the

Highlands and Islands. {m. m.)

LOTTERIES. The word lottery has no very definite

fiignification. It may be applied to any process of

•determining prizes by lot, whether the object be amuse-

ment, or gambling, or public profit. In the Roman Satur-

nalia and in the banquets of aristocratic Romans the object

was amusement ; the guests received apopkoreta. The
same plan was followed on a magnificent scale by some of

the emperors. Nero excited the people by giving such

prizes as a house or a slave. Heliogabalus introduced an

element of absurdity,—one ticket for a golden vase,

another for six flies. This amusing custom descended to

the festivals given by the feudal and merchant princes

of Europe, • especially of Italy ; and it afterwards

formed a prominent feature of the splendid court hos-

pitality of Louis XIV. In the Italian republics of the

16th century the lottery principle was applied to encourage

the sale of merchandise. The lotto of Florence and the

seminario of Genoa are well known, and Venice estab-

lished a monopoly and drew a considerable revenue for

the state. The first letters patent for a lottery in

Trance were granted by Francis I, and in 1656 tlie

Italian Tonti (the originator of " Tontines ") opened

,another for the building of a stone bridge between the

Louvre and the Faubourg St Germain. The institution

became very popular in France, and gradually assumed
an important place in the Government finance. The par-

liaments frequently protested against it, but it had the

support of Slazarin, and Pontchartrain by this means
raised the expenses of the Spanish Succession War.
Necker, in his Administration cles Finances, estimates the

public charge for lotteries at 4,000,000 livres per annum.
There were also lotteries for the benefit of religious com-
munities and charitable purposes. Two of the largest were
the'Loteries de Piete and des Enfans Trouves. These and
also the great Loterie de l'£cole militaire were practically

merged in the Loterie Royale by the famous decree of 1776,

suppressing all private lotteries in France. The financial

basis of these larger lotteries was to take -/jths for

expenses and benefit, and return 4fths to the public who
subscribed. The calculation of chances had become a

familiar science. It is explained in detail by M. Caminade
de Castres in Enc. Melh. Finances, ii., s. v. "Loterie."

The names of the winning numbers in the first drawing
were (1) extraif, (2) ainhe, (3) tej-ne, (4) quaterne, (5) q%dne.

After this there were four drawings called primes ffratniles.

The extrait gave fifteen times the price of the ticket ; the

quine gave one million times the price. These are said to

be nr.uchmore favourable terms than were given in Vienna,

Frankfort, and other leading European cities at the end
of the 18th century. Here is no doubt that lotteries had
a demoralizing eS'ect on French society. They were de-

nounced by the eloquent bishop of Autun as no better

than the popular games of helle and biribi ; they were
condemned on financial grounds by Turgot ; and Con-
dillac compared them to the debasement of money which
was at one time practised by the kings of France. The
Loterie Royale was ultimately suppressed in 1836. • Under
the law of 29th May 1844 lotteries may be held for the

assistance of charity and the fine arts. The Society du
Credit Foncier, and many of the large towns, are per-

mitted to contract loans, the periodical repayments of which
are determined by lot. This practice, which is prohibited
in Germany and England, resembles the older system of
giving higher and lower rates of interest for money
according to lot. Lotteries were suppressed in Belgium
in 1830, but they still figure largely in the State budgets
of Germany, Holland, Spain, and Italy.

In England the earliest lotteries sanctioned by Govern-
ment were for such purposes as the repair of harbours in
1569, and the Virginia Company in 1612. In 1696 by the
Act 10 & 11 Will. IIL c. 17 lotteries, with the exception of
the Royal Oak lottery, were prohibited as common nuis-
ances, by which children, servants, and other unwary
persons had been ruined. This prohibition was in the 1 8th
century gradually extended to illegal insurances on
marriages and other events, and to a great many games
with dice, such as faro, basset, hazard, except back-
gammon and games played in the royal palace. In spite
of these prohibitions, the Government from 1709 down to
1824 showed a bad example to the nation by annually
raising considerable sums in lotteries authorized by Act
of Parliament. The prizes were in the form of terminable
or perpetual annuities. The £10 tickets were sold at a
premium of say 40 per cent, to contractors who resold
them in retail (sometimes in one-sixteenth parts) by
"morocco men," or men with red leather books who
travelled througb the country. As the drawing extended
over forty days, a very pernicious system arose of insuring
the fate of tickets during the drawing for a small premium
of 4d. or 6d. This was partly cured by the Little Go Act
of 1802, 42 Geo. IIL c. 119, directed against the itinerant

wheels which plied between the state lotteries, and partly

by Perceval's Act in 1806, which confined the drawing of

each lottery to one day. From 1793 to 1824 the Govern-
ment made an average yearly profit of .£346,765. Cope,

one of the largest contractors, is said to have spent

£36,000 in. advertisements in a single year. The English

lotteries were used to raise loans for general purposes, but

latterly they were confined to particular objects, such as

the improvement of London, the disposal of Cox's museum,
the purchase of Tomkin's picture gallery, &c. Through

the efforts of Lyttleton and others a strong public opinion

was formed against them, and in 1826 they were finally

prohibited. Aji energetic proposal to revive the system

was made before the select committee on metropolitan im-

provements in 1830, but it was not listened to. By a

unique blunder in legislation, authority was given to hold

a lottery under the Act 1 k 2 Will. IV. c. 8, which pro-

vides .'(.scheme for the improvementof the city of Glasgow.

These "Glasgow lotteries" were suppressed by 4 & 5

Will. IV. c. 37. The statute law in Scotland is the same

as in England. At common lawin Scotland it is probable

that all lotteries and rafiles, for whatever purpose held,

may be indicted as nuisances. The art unions ate sup-

posed to be protected by a special statute.

The American Congress of 1776 instituted a national

lottery. The scheme was warmly advocated by Jefferson

and other statesmen, and before 1820 at least seventy Acts

were passed by Congress authorizing lotteries for various

public purposes, such as schools, roads, kc,—about 85 per

cent, of the subscriptions being returned in prizes. A
sounder opinion now prevails on this subject in America.

The only systematic work on this subject is tho Crilique hist,

pol. mor. ccon. ct comm. sitr ks loterics anc. et. mod. spiritucllcs

et tcmporclks dcs £tats et dcs £glises, Amsterdnm, 1697, 8 vols ,

by the Bolognese historian Grcgorio Leti. The subject is also dealt

with by J. Dessaulx in his work De la passion du Jcu dcpuis la

a7icicns ttmps jusqxi.' a nos jours, Paris, 1779. 0^- C. S.)

LOTUS-EATERS (Greek Awro-^ayoi) were a Libyan

tribe known to tho Greeks as early as the time of Homer.

Herodotus (iv. 177) describes their country as in the
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Syrtic district, and says that a caravan route led from it

ty Egypt. The lotus still grows there in great abundance.

It is a prickly shrub, the jujube tree, bearing a fruit of a

sweet taste, compared by Herodotus to that of the date
;

it is still eaten by the natives, and a kind of wine is made
from the juice (see Jujude). Marvellous tales were

current among the early Greeks of the virtues of the lotus,

as we see in Odys., ix. 8t. When Ulysses comes to the

coast many of his sailors eat the lotus and lose all wish to

return home. The idea has been worked up by Tennyson

in a very fine poem. This lotus must not be confounded

with the ^yptian plant, a kind of water-lily that grows in

the Nile. See Eitter, Ei-dhuide, i. ; and Heeren, Ideen,

ii., or in Historical Researches, kc.

LOTZE, Rudolph Hermann, one of the most eminent

philosophers of our age, was born Jlay 21, 1817, in

Bautzen, in the kingdom of Saxony, and died at Berlin

1st July 1S81. The incidents of the life of a philosopher,

especially if his career has been exclusively an academic

one, are usually passed over as unimportant. In external

events no life could be less striking than that of Lotze,

who, moreover, was of a retiring disposition, and was forced

through delicate health to seclude himself from even such

external excitement and dissipation as the quiet university

town of Gottirigen, where he passed nearly forty years of

his life, might afford. His interests on the contrary, as

exhibited in his various writings, are most universal ; and

in a surprising degree he possessed the power of appreciat-

ing the wants of practical life, and the demands of a civili-

zition so complicated as that of our age, so full of elements

which have not yet yielded to scientific treatment. But,

although in his teachings he rose more than most thinkers

beyond the temporary and casual influeuces which sur-

rounded him, it was significant for the development of his

ideas that the same country produced him which gave to

Germany Lessing and Fichte, that'he received his education

in the gymnasium of Zittau under the guidance of eminent

and energetic teachers, who nursed in him a love and

tasteful appreciation of the classical authors, of which in

much later years he gave a unique example in his masterly

translation of the Antigone of Sophocles into Latin, and
that, himself the son of a physician, he went to the

university of Leipsic as a student of philosophy and

natural sciences, but enlisted officially as a student of

medicine. He was then only seventeen. It appears that

thus early Lotze's studies were governed by two distinct

interests and emanated from two centres. The first was

his scientific interest and culture, based upon mathematical

and physical studies, under the guidance of such eminent

representatives of modern exact research as E. H. Weber,

W. Volckmann, and G. T. Fechner. The others were his

sesthetical and artistic predilections, which were developed

under the care of C, H. Weisse. To the former he owes

his appreciation of exact investigation and a complete

knowledge of the aims of science, to the latter an equal

admiration for the great circle of ideas which had been

cultivated and diffused through the teachings of Fichte,

Schelling, and Hegel. But each of these aspects, which

early in life must have been familiar to him, exerted on

the other a tempering and modifying influence. The true

method of science which he possessed forced him to con-

demn as useless the entire form which Schelling's and

Hegel's expositions had adopted, especially the dialectic

method of the latter, whilst his love of art and beauty, and

his appreciation of moral purposes, revealed to him the

existence beyond the phenomenal world of a world of

values or worths into which no exact science could pene-

trate. It is evident how this initial position at once defined

ti) him~a variety of tasks which philosophy Iiad to perform.

First there were the natural sciences themselves only just

emerging fiiom an unclear conception of their true method,

—

especially ttese which studied the borderland of physical

and mental phenomena, the medical sciences, preeminently

that science which has since become so popular, the science

of biology. Lotze's first essay was his dissertation De
futitrx biotogix principibus philosopkicis, with which he
gained (1838) the degree of doctor of medicine, after having

only four months previously got the degree of doctor of

philosophy. Then, secondly, there arose the question

whether the methods of exact science sufliced to explain

the connexion of phenomena, or whether for the explana-

tion of this the thinking mind was forced to resort to some
hypothesis not immediately verifiable by observation, but

dictated by our higher aspirations and interests. And, if

to satisfy these we were forced to maintain the existence

of a world of moral standards, it was, thirdly, necessary to

form some opinion as to the relation of these moral

standards of value to the forms and facts of phenomenal

existence. These difi'erent tasks, which philosophy had to

fulfil, mark pretty accurately the aims of Lotze's writings,

and the order in which they were published. But, though

he laid the foundation of his philosophical system very early,

in his Metapht/sik (Leipsic, 1841) and his Logifc (1843), and

commenced lecturing when only twenty-two years old on

philosophical subjects, in Leipsic, though he accepted ia

1844 a call to Gottingen to fill the chair of philosophy which

had become vacant through the death of Herbart, he did not

proceed to an exhaustive development of his peculiar views

till very much later, and only during the last decade of his

life, after having matured them in his eminently popular

lectures, did he with much hesitation venture to present

his ideas in something like a systematic form. The two

small publications just referred to remained unnoticed by

the reading public, and Lotze became first known to a larger

circle through a series of works which had the object of

establishing in the study of the physical and mental

phenomena of the human organism in its normal and

diseased states the same general principles which had

been adopted in the investigation of inorganic phenomena.

These works were his Allgemeine Pathologie und Therapie

als mechanische 2i'a(unvissenschaflen (Leipsic, 1842, 2d ed.

1848), the articles " Lebenskratt " (1843) and "Seeleund
Seelenleben " (1846) in Rud. Wagner's Handtcorterb-uch

der Physiologie, his Allgemeine Physiologic des Korperlicheii

Lebens (Leipsic, 1851), and hisMedisinische Psychologic oder

Physiologie der Seek (Leipsic, 1852). When Lotze came

out with ihese works, medical science was still much
under the influence of Schelling's philosophy of nature.

The mechanical laws, to which external things were subject,

were conceived as being valid only in the inorganic world ;

in the organic and mental worlds these mechanical laws

were conceived as being disturbed or overridden by other

powers, such as the influence of final causes, the existence

of types, the work of vital and mental forces. This

confusion Lotze, who had been trained in the school of

mathematical reasoning, tried to dispel The laws which

govern particles of matter in the inorganic world govern

ihem likewise if they are joined into an organism. A
phenomenon a, if followed by b in the one case, is followed

by the same b also in the other case. Final causes, vital

and mental forces, the soul itself can, if they act at all,

only act through the inexorable mechanism of natural laws.

If a is to be followed by d and not by 6, this can only be

effected by the additional existence of a third something c,

which again by purely mechanical laws would change b

into d. As we therefore have only to do with the study

of existing complexes of material and spiritual phenomena,

the changes in these must be explained in science by the

rule of mechanical laws, such as obtain everywhere in the

world, and only by such. Ono of the results of theso
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investigations was to extend the meaning of the word
mechanism, and comprise under it all laws which obtain in

the phenomenal world, not excepting the phenomena of

life and mind. Mechanism was the unalterable connexion

of every phenomenon a with other phenomena h, c, d, either

as following or preceding it ; mechanism was the inexorable

form, into which the events of this world are cast, and by
which they are connected. The object of those writings

was to establish the all-pervading rule of mechanism. But
the mechanical view of nature is not identical with the

materialistic. In the last of the above-mentioned works
the question is discussed at great length how we have to

consider mind, and the 'relation between mind and body;
the answer is—we have to consider mind as an immaterial

principle, its action, however, on the body and vice versa

as purely mechanical, indicated by the fixed laws of a

psycho-physical mechanism. These doctrines of Lotze

—

though pronounced with the distinct and reiterated reserve

that they did not contain a solution of the philosophical

question regarding the nature, origin, or deeper meaning
of this all-pervading mechanism, neither an explanation

how the action of external things on each other takes place

nor yet of the relation of mind and body, that they were

merely a preliminary formula of practical scientific value,

itself requiring a deeper interpretation—these doctrines

were nevertheless by many considered to be the last word
of the philosopher who, denouncing the reveries of

Schelling or the idealistic theories of Hegel, established the

science of life' and mind on the same basis as that of

material things. Published as they were during the years

when the modern school of German materialism was at its

height,! these works of XjOtze were counted among the

opposition literature which destroyed the phantom of

Hegelian wisdom and vindicated the independent and self-

sufBcing position of empirical philosophy. Even philo-

sophers of the eminence of. J. H. Fichte (the younger) did

not escape this misinterpretation of Lotze's true meaning,

though they had his Metaphysih and Logik to refer to,

though he promised in his Allgemevae Physiologie (1851) to

enter in a subsequent work upon the "bounding province

between lesthetics and physiology," and though in his

'Medicinischo Psychologie he had distinctly stated that his

position was neither the idealism of Hegel nor the realism

of Herbart, nor materialism, but that it was the conviction

that the essence of everything is the part it plays in the

realization of some idea which is in itself valuable, that the

sense of an all-pervading mechanism is to be sought in this

that it denotes the ways and means by which the highest

idea, which we may call the idea of the good, has volun-

tarily chosen to realize itself.

The misinterpretations which he had suffered induced

Lotze to publish a small pamphlet of a polemical character

{Streitschriflen, Leipsic, 1857), in which he corrected two
mistakes. The opposition which he had made to Hegel's

formalism had induced some to associate him with the

materialistic school, others to count him among the

followers of Herbart, the principal philosopher of eminence
who had -maintained -a lifelong protest against the

development which Kant's doctrines had met with at the

hands of Fichte, Schelling, and Hegel. Lotze publicly

and formally denied that he belonged to the school of

Herbart, though he admitted that historically the same
doctrine which might be considered the forerunner of

Hcrbart's teachings might load to his own views, viz., the

monadolngy of Leibnitz.

'When Lotze wrote these explanations, he had already

given to the world the first volume of his great work,

I

' Sco 'Vost, Physinlnijische Briefe, 1845-47 ; Moleschot*-, Der
ljirchlii!i/(!cs Lehnis, 1852; Bikhner, Kraft vnd StnJ)\ 1655.

Mikrohosmus (vol. i. 1856, vnl. ii. 1858, vol. iii. 1864;
3d ed., 1876-1880). In many passages of his works on
pathology, physiology, and psychology Lotze had distinctly
stated that the method of research which he advocated
there did not give an explanation of the phenomena of life

and mind, but only the means of observing and connecting
them together ; that the meaning of all phenomena, and
the reason of their peculiar connexions, was a philosophical
problem which required to be attacked from a different
point of view ; and that the significance especially which
lay in the phenomena of life and mind would only unfold
itself if by an exhaustive survey of the entire life of man,'
individually, socially, and historically, we gain the necessary^

data for deciding what meaning attaches to the existence
of this microcosm, or small world of human life, in tha
macrocosm of the universe. This review, which extends,'*

in three volumes, over the wide field of anthropology,
beginning with the human frame, the soul, and their union
in life, advancing to man, his mind, and the course of the
world, and concluding with history, progress, and the
connexion of things, ends with the same idea which was
expressed in Lotze's earliest work,

—

Metaphysih The view
pecuKar to him is reached in the end as the crowning con-

ception towards which all separate channels of thought
have tended, and in the light of which the life of man in

nature and mind, in the individual and in society, had
been surveyed. This view can be briefly stated as follows.

Everywhere in the wide realm of observation we find three

distinct regions,—the region of facts, the region of laws,

and the region of standards of value and worth. These

three regions are separate only in our thoughts, not in

reality. To comprehend the real position we are forced

to the conviction that the world of facts is the field in

which, and that laws are the means by which, those higher

standards of moral and resthetical value are being realized ;

and such a union can again only become intelligible through

the idea .of a personal Deity, who in the creation and

preservation of a world has voluntarily chosen certain forms

and laws, through the natural operation of which the ends

of His_ work are gained.

Whilst Lotze had -thus in his published works closed the

circle of his thought, beginning with a conception meta-

physically gained, proceeding to an exhaustive contempla-

tion of things in the light it afforded, and ending with

the stronger conviction of its truth which observation,

experience, and life could afford, he had all the time been

lecturing on the various branches of philosophy according

to the scheme of academical lectures transmitted from his

predecessors. Nor can it be considered anything but a

gain that he was thus induced to expound his views with

regard to those topics, and in connexion with those

problems, which were the traditional forms of philosophical

utterance. His lectures ranged over a wide field : he

delivered annually lectures on psychology and on logic (the

latter including a survey of the entirety of philosophical

research under the title Encyclopddie der Philosophie), then

at longer intervals lectures on metaphysics, philosophy of

nature, philosophy of art, philosophy of religion, rarely on

history of philosophy and ethics. . In these lectures he

expounded his peculiar views in a stricter form, and during

the last decade of his life he embodied the substance of

those courses in his System der Philosophie, of which only

two volumes have appeared (vol. i. Logil; 1st ed., Leipsic,

1874, 2d ed., 1880 ; vol. iL Metaphysik, 1879). The third

and concluding volume, which was to treat in a more

condensed form the principal problems of practical philo-

sophy, of philosophy of art and religion, did not appear.

A small pamphlet on psychology, containing the last form

in which he had begun to treat the subject in his lectures

(abruptly terminnted through his death) during the sum-



14 L O T Z E
mer session of 1881, has been published by bis son.

Appended to this volume is a complete list of Lotze's

writings, compiled by Professor Kehnisch of Gottingen.

To understand this series of Lotze's writings, it is necessary to

start with his definition of philosopliy. This is given after his

exposition of logic has established two points, viz., the existence in

our mind of certain laws and forms according to which we connect
the material supplied to us by our senses, and, secondly, the fact that

logical thought cannot be usefully employed without the a.ssump-

tion of a further set of connexions, not logically necessary, but
assumed to exist between the data of experience and observation.

These connexions of a real not formal character are handed to us

by the separate sciences and by the usage and culture of everyday
life. Language has crystallized them into certain definite notions
and expressions, without which we cannot proceed a single step,

but which we have accepted without knowing their exact meaning,
much less their origin. In consequence the special sciences and the
wisdom of common life entangle themselves easily and frequently

in contradictions. A problem of a purely formal character thus
presents itself, viz., this—to try to bring unity and harmony into

the scattered thoughts of our general culture, to trace them to their

primary assumptions and follow them into their ultimate con-

sequences, to connect them all together, to remodel, curtail, or

amplify them, so as to remove their apparent contradictions, and to

combine them in the unity of an harmonious view of things, and
espeelaUy to make those conceptions from which the single sciences

start as assumptions the object of research, and fix the limits of

their applicability. This is the formal definition of pliilosophy.

Whether an harmonious conception thus gained will represent

more than an agreement among our thoughts, whether it will re-

present the real connexion of things, and thus possess objective

not merely subjective value, cannot be decided at the outset. It is

also unwarranted to start with the expectation that everything in

the world should be explained by one principle, and it is a needless

restriction of our means to expect unity of method. Nor are we able

to start our philosophical investigations by an inquiry into the nature
of human thought and its capacity to attain an objective knowledge,
as in this case we would be actually using that instrument the use-

fulness of which we were* trying to determine. The main proof
of the objective value of the view we may g.iin will rather lie in

the degree in which it succeeds in assigning to every element of

culture its' due position', or in which it is 'able to appreciate and
combine different and apparently opposite tendencies and interests,

in the sort of justice with which it weighs our manifold desires and
aspirations, balancing them in due proportions, nor sacrificing to

a one-sided principle any truth or conviction which experience

has proven to be useful and necessary. The investigations will

then naturally divide themselves into three parts, the first of

v.hich deals with those to our mind inevitable forms in which we
are obliged to think about things, if we think at all (metaphysics),

the second being devoted to the great region of facts, trying to

apply the results of metaphysics to these, specially the two great

regions of external and mental phenomena (cosmology and
psychology), the third dealing with those standards of value from
which we pronounce our sesthetical or ethical approval or disap-

proval. In each department we shall have to aim first of all at

views clear and consistent within themselves, but, secondly, we shall

in the end wish to form some general idea or to risk an opinion how
laws, facts, and standards of value may be combined in one compre-
hensive view. Considerations of this kind will naturally turn up
in the two great departments of cosmology and psychology, or they
may be delegated to an independent research under the name of

religious philosophy. We have already mentioned the iinal con-
ception in which Lotze's speculation culminates, that of a personal
Deity, Himself the essence of all that merits existence for its own
sake, who in the creation and government of a world has voluntarily
chosen certain laws and forms through which His ends are to be
realized. We may add that according to this view nothing is real

but the living spirit of God and the world of living spirits which
He has created ; the things of this world have only reality in so
far as they are the appearance of spiritual substance, which un-
derlies everything. It is natural that Lotze, having this great
and final conception always before him, works under its influence
from the very beginning of his speculations, permitting us—as

we progress—to gain every now and then a glimpse of that inter-

pretation of things which to him contains the solution of our diffi-

culties.

The key to Lotze's theoretical philosophy lies in his metaphysics,
to the exposition of which important subject the first and last of

his larger publications have been devoted. To understand Lotze's
philosophy, a careful and repeated perusal of these works is abso-
lutely necessary. The object of his metaphysics is so to remodel
the current notions regarding the existence of things and their
connexions with which the usage of language supplies us as to
make them consistent and thinkable. The further assumption,
that the modified notions thus gained have an objective meaning.

and that they somehow correspond to the real order of the existing
world which of course they can never actually describe, depends
upon a general confidence which we must have in our reasoning
powers, and in the significance of a world in which we ourselves
with all the necessary courses of our thoughts have a place assigned
to them in harmony with the whole. The object therefore of these
investigations is opposed to two attempts frequently repeated in
the history of philosophy, viz. :— (1) the attempt to establish general
laws or forms, which the develoiiment of things must have obeyed, oi
which a Creator must have followed in the creation of a world
(Hegel) ; and (2) the attempt to trace the genesis of our notions, and
decide as to their meaning and value (modern theories of know-
ledge). Neither of these attempts is practicable. The world of many
things surrounds us ; our notions, by which we manage correctly or
incorrectly to describe it, are also ready made. What remains to.be
done is, not to explain how such a world manages to be what it is, nor
how we came to form these notions, but merely this—to expel from
the circle and totality of our conceptions those abstract , notions
which are inconsistent and jarring, or to remodel and define them so

that they may constitute a consistent and harmonious view. In this

endeavour Lotze discards as useless and untenable many favourite

conceptions of the school, many crude notions of everyday life.

The course of things and their connexion is only thinkable by the

assumption of many things the reality of which (as distinguished

from their existence in our thoughts) can be conceived only as a

multitude of relations. This, standing in relation to other things,

gives to a thing its reality. And the nature of this reality again

can neither be consistently represented as a fixed and hard substance
nor as an unalterable something, but only as a fixed order of recur-

rence of continually changing events or impressions. But, further,

every attempt to think clearly what those relations are, what we
really mean, if we talk of a fixed order of events, forces upon us

the necessity of thinking also that the dilftrent things which
stand in- relations or the difTerent phases which follow each
other cannot be merely externally strung together or moved
about by some indefinable external power, in the form of some
predestination or inexorable fate. The things themselves which
exist and their changing phases must stand in some internal

connexion ; they themselves must be active or passive, capable of

doing or suffering. This would lead to the view of Leibnitz, that

the world consists of monads, self-sufficient beings, leading an
inner life. But this idea involves the further conception of

Leibnitz, that of a pre-established harmony, by which the Creator

has cared to arrange the life of each monad, so that it agrees with

that of all others. This conception, according to Lotze, is neither

necessary nor thoroughly intelligible. Why not interpret at once

and render intelligible the conception of everyday life originating

in natural science, viz., that of a system of laws which governs tho

many things ? But, in attempting to make this conception quite

clear and thinkable, we are forced to represent the connexion of

things as a universal substance, the essence of which we conceive as

a system of laws which underlies everything and in its own self

connects everything, but impercepti'ole, and known to us merely

through the impressions it produces on us, which we call things.

A final reflexion then te.achcs us that the nature of this universal

and all-pervading substance can only be imagined by us as some-

thing analogous to our own mental life, where alone we experience

the unity of a substance (which we call self) preserved in the

multitude of its (mental) states. It also becomes clear that only

where such mental life really appears need we assign an inde-

pendent existence, but that the purposes of everyday life as well as

those of science are equally served if we dejirive the material things

outside of us of an independence, and assign to them merely a

connected existence through the universal substance by the action

of which alone they can appear to us.

The universal substance, which we may call the absolute, is

at this stage of our investigations not endowed with the attributes

of a personal Deity, and it will remain to be seen by further

analysis in how far we are able—without contradiction—to identify

it with the object of leligious veneration, in how far that which to

metaphysics is merely a postulate can be gradually brought nearer

to us and become a living power. Much in this direction is said

by Lotze in various passages of his writings ; anything complete,

however, on the subject is w.anting. Nor would it seem as if it

could be the intention of the author to do much more than point

out the lines on which the further treatment of the subject should

advance. The actual result of his personal inquiries, the great idea

which lies at the foundation of his philosophy, we know. It may
be safely stated that Lotze would allow much latitude to individual

convictions, as indeed it is evident that the empty notion of an
absolute can only become living and significant to us in the same
degree as experienceand thought have taught us to realize the serious-

ness of life, the significance of creation, the value of the beautiful

and the good, and the supreme worth of personal holiness. To
endow the universal substance with moral attributes, to maintain

that it is more than the metaphysical ground of everything, to say

it is the perfect realization of the holy, the beautiful, and the good.
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can only Imve a meaning Toi' him who feds within himself what
real nai iniaginaiy valut-s aic clothed in those expressions.

We h;ive still to mention that ttsthctics formed a principal and
favourite study of Lotze's, and that he has treated this subject also

in the light of the leadinij ideas of his philosophy. See his

essays Ucbcr den Bcr/riff dcr Schoiihcit, Gottingeij, 1845, and Vcbcr
£edingungcn dcr Knn.itschunhcit, ibid., 18-17 ; aiid especially his

OcschichU dcr jEsthdilc in Deutschland, JIunicli, 1868.

Lotze's historical position is of much interest. Though h&
disclaims being a follower of Herbart, his formal definition of

philosophy and his conception of tlie object of metaphysics are

similar to those of Herbart, who defines philosophy as an attempt
to remodel the notions given by experience. In this endeavour he
forms with Herbart an opposition to the philosophies of Fichte,

Bchelling, and Hegel, which aimed at objective and absolute
l;nowledgc, and also to the criticism of Kant, which, aimed at

determining the validity of all human knowledge. But this for-

mal agreement involves material differences, and the spirit which
breathes in Lotze's writings is more akin to the objects and
aspirations of the idealistic school tlian to the cold formalism of

Herbart. AVhat, however, with the idealists was an object of thought
alone, the absolute, is to Lotzo only inadequately definable in

rigorous philosophical language ; the aspirations of- the human
lieart, the contents of our feelings and desires, the aims of art, and
the tenets of religious faith must be grasped in order to fill the

empty idea of the absolute with meaning. These manifestations

of the divine spirit again cannot be tr.iced and understood by
reducing (as Hegel did) tlie growth of the human mind in tho
individual, in society, and in history to the monotonous rhythm of a

epeculative schematism ; the essence and worth which is in them
reveals itself only to the student of detail, for reality is larger and
wider than philosophy ; the problem, " how the one can be many,"
is only solved for us in the numberless examples in life and experi-

ence which surround us, for which we must retain a lifelong

interest, and which constitute the true field of all useful human
work. This conviction of the emptiness of terms and abstract

notions, and of the fulness of individual life, has enabled Lotze to

combine in his writings the two courses into which German
philosophical thought had been moving since the death of its great

founder, Leibnitz- We may define these courses by the terms
esoteric and exoteric,—the former the philosophy of the school,

cultivated principally at the universities, trying to systematize every-

thing and reduce all our knowledge to an intelligible principle,

losing in this attempt the deeper meaning of Leibnitz's philosophy

;

the latter the philosophy of general culture, contained in the

literature of the classical period, in the unsystematic writings of

Lessing, Winkclma-rn, Goethe, Schiller, and Herder, who more
or less expressed their indebtedness to Leibnitz. Lotze can be said

to have brought philosophy out sf the schoolroom into the market
of life. By understanding and combining what was great and
valuable in those dividedand scattered endeavours, hehas become the

true successor of Leibnitz, and his philosophy will no doubt attain

that universal celebrity which was attained by the monadology and
the system of pre-established harmony.
The age in which Lotze .lived and wrote in Germany was not

one peculiarly fitted to appreciate the position he took up. Fre-

quently misunderstood, yet rarely criticized, he was nevertheless

greatly admired, listened to by devoted hearers, and read by an
increasing circle. Bit no watchword of easy currency, no ready

Shibboleth, attracts or helps to combine this increasing circle to

the unity of a philosophical school. The real meaning of Lotze's

teaching is reached only by patient study, and those who in a larger

or narrower sense call themselves his followers will probably feel

themselves indebted to him more for the general direction he has

given to their thoughts, for the tone he has imparted to their

inner life, for the seriousness with which he has taught them to

consider even small affairs and pra"tical duties, and for thi> inde-

structible confidence with which his philosophy porraits them to

disregard the materialism of science, the n-'pti-Msm of shallow

culture, the disquieting rp=ults of philosophical and historical

criticism. It is not unlikely that the prespnt phasi of English

thought will more easily assimilate the valuable "kments cf Lotze's

philosophy, as indeed fragments and beginnings of a similar riew
exist already in English litcniture. Wherever his writings are

widely read and appreciated, it will oe on account of the great

moral influence which his philosophy exerts in common with

some systems of the past, but almost alone among the systems of

the day. (J. T. M.)

LOUDUN, capital of &n arrondissement in the depart-

ment of Vienne, France, stands on an eminence of 320

feet, overlooking a fertile plain, 45 mile.i (by rail) south-

west from Tours. It was formerly surrounded by walls,

of which only two towers and a single gateway now
remain. Of the old castle which was destroyod under

Richelieu, and of which the site is now turned into a public

promenade, a fine old rectangular doDJon cl ths xWti,
century has been preserved ; at its base traces of Roman
constructions have been found, with fragments of porphyry
pavement, mosaics, and mural paintings. The Carmelite
convent, now occupied by the Brethren of Christian

Doctrine, was the scene of the trial of Urban Graiidier,

who was burnt alive for witchcraft in 1G34: (see Bayle'a

Didionnaire) ; the old Byzantine church of Sainte Croix,
of which he was curiS, is now used as a market. There are

several curious old houses in the town. Lace making and
candle making are the chief industries, and there is a con-

siderable trade in grain and flour. Before the revocation

of the edict of Nantes the inhabitants numbered, it is said,

more than 12,000 ; in 1876 the population was 4522.

LOUGHBOROUGH, the second town in Leicestersliirej

England, on the Midland Railway, 1 1 miles from Leicestes

and 14 from Nottingham. In 1881 its three parishes had
a population of 14,733. A large tract of meadow land liea

between the town and the river Soar, which is connected
with the town by two canals,—the Loughborough canal,

formed in 1776, and the Leicester canal, opened in 1791.
On the Charnwood Forest side of the town there were onca
extensive parks. The open fields in the lordship were
enclosed in 1762. The town has an excellent market-place,

and is in the centre of a rich agricultural district Its malt
was once of special note. The old parish church of All

Saints stands on rising ground, and is a conspicuous object

for many miles round ; the church itself (restored in 1862)
IS of the Decorated style, and dates from the 14th century

;

the tower is Perpendicular. Emmanuel church was com-
pleted in 1837, and Holy Trinity in 1878. The Roman
Catholic chapel was built in 1833, and the extensive Early

English convent, since enlarged, in 1850. Ths town-hall

and corn exchange, in the market-place, were erected ia

1855, and the cemetery and its elegant church date from

1857. The grammar school is a Tudor structure, standing

in some 15 acres of ornamental grounds and walks ; it owes

its origin to Thomas Burton's charity, in 1495. The pre-

sent buildings were erected in 1852, and the new scheme

was devised under the Grammar School Act of 3 & 4 Vict.

The girls' grammar school, in the Early English style, was

erected in 1879. The other public buildings comprise a

dispensary and infirmary Cbuilt at the cost of Mr and Miss

Herrick in 1862\ local board offices, pohce station, schools,

and nonconformist chapels. There are several large hosiery

factories. Lace was a staple trade until 1816 (see Heath-

coat). Bell-founding was introduced in 1840, and Messrs

Taylor cast here in 1881 the great bell for St Paul's,

London (17| tonsV Iron-foundries, dye-works, and horti-

cultural glass-works also provide employment
The town is mentioned under the name of Luctebume in Domes-

day Book. William the Conqueror gave the town and manor to

Hugh Liipus. from whom they passed to the more famous

Despenscrs. They were held by the Beaumonts from 1326 to ] 464,

when they passed into the Hastings family, returning to them, after

seve'ral changes cf ownership, in 1554. Lord Jloira sold tho manor

in 1818, and the mnjor part of the manorial rights have now been

purchased by the local beard. The title of Baron Hastings

of Loughborough was given to Sir Edward Hastings in 1558, and

to Colonel Henrv Hastings in 1643. Alexander Wcddcrbura, when

made lord chancellor, assumed the title of Lord Loughborough, in

1780.' John Clcaveland, the royalist poet, was born here in 1613 ;

John Howe, the Puritan divine, in 1630 ; and Richard Pulteoey,

the botanist, in 1730.

See Tl'omos Pocl in s niHorical Detcriptitm, 1770 (vol. Till, of BibUotheta Tcpo-

graphica Bn'.amka'' , Pottn's Walks Round Lcughboroui/li ; Wood's Pltiti V
Loughtorovgh, 1S57; W. G. Dirrrck t\nr\\i:'s Farish Registtrt.\Sti,ttKlort o/

LougUborcvgh, nnd Ilisloricat Uaiidbook, 1881.

LOUIS L, Roman emperor (called "der Fromme," also

"le Di5bonnaire "), was born in 778. He succeeded his

father Charlemagne in 814, having in the previous year

' The present courtesy title borne by the eldest son of the carl of

Rosslyn was taken from Loughborough in SuiTcy, in 1795.



10 LOUIS
beeD declared co-regcnt. n.t the beginning of bis leign he

excited high anticipations by the earnestness with which

he attacked the abuses that had accumulated during the

liter years of Cliarlemagne's sovereignty. The licentious-

ness which prevailed at court he sternly suppressed ; he

punished counts who were proved to have misused their

authority ; and he sought to reform the manners both of

the secular and of the regular clergy. The Saxons and

the Frisians, who, although conquered, had never cordially

accepted Prankish rule, were conciliated by mild and

generous treatment. A period of trouble and confusion,

however, was opened in SI 7, when Louis, anxious to

establish the order of succession, declared his eldest son

Lothair his successor, and made him co-regent, granting

him Austrasia with the greater part of Germany. The
younger sons of Louis, Pippin and Louis, received, the

former Aquitania, the latter Bavaria, Bohemia, Carinthia,

and the subject Slavonic and Avar territories. This

arrangement was resented by Bernard, king of Italy, the

emperor's nephew, who forthwith rebelled. He was soon

captured, and condemned to the loss of his sight, while his

kingdom was transferred to Lothair. After the death of

Bernard, the emperor, who was a man of a gentle and

sensitive temper, bitterly repented the harsh punishment

which he had sanctioned, and, being further depressed by

the death of his first wife, he proposed to resign the crown

and retire to a monastery. He was induced to abandon

this intention, and (in 819) to marry Judith, the beautiful

daughter of Count Welf of Bavaria. In 829 he made a

new division of the empire in favour of Charles (afterwards

Charles the Bald), his son by his second wife. The three

brothers, deeply dissatisfied, combined to declare war

against him, and at Compifegne he was taken prisoner.

TliB empress Judith was condemned to the cloister for

alleged infidelity to her husband, aud Louis was virtually

deposed. Pippin and the younger Louis, suspecting that

Lothair meant to usurp exclusive authority, changed their

policy, and at a diet in Nimeguen the emperor was

restored. Soon afterwards he provoked fresh disturbance

by granting Aquitania, the territory of Pippin, to Charles,

and in S33 the army of the three brothers confronted that

of their father near Colmar. When Louis was negotiating

wit I Pope Gregory IV., who had crossed the Alps it: the

hop 3 of restoring peace, his troops were persuaded to desert

him, and on the Liigeofeld (" the field of lies ") he was

obliged to surrender to his sons. The empress was sent to

Italy, her son to the monastery of Priim, and at Soissons

Louis not only abdicated, but made public confession of

his sins, a long list of which he read aloud. Again the

arrogance of Lothair awoke the distrust of his brothers,

and they succeeded in reasserting the rights of the emperor,

whose sufferings had excited general sympathy. He went

through the ceremony of coronation a second time, and

Lothair found it necessary to confine himself to Italy.

After the death of Pippin in 838 Louis proposed a scheme

1'^ which the whole empire, with the exception of Bavaria,

would have been divided between Cliarles and Lothair, to

whom the empress had been reconciled. The younger Louis

frepared to oppose this injustice, and he was supported

by the people of Aquitania in the interest of Pippin's sons.

A diet was summoned at Worms to settle the dispute, but

before it met the emperor died on an island in the Rhine

near Mainz, on the 20th of June 840. He had capacities

which might have made him a great churchman, but as a

secular ruler ho lacked prudence and vigour, and his mis-

management prepared the way for the destruction of the

empire established by his father. His son Lothair L suc-

ceeded to the imperial title.

See Funck, Ludtcig dcr Fromme, 1S32 ; and Si'.nson, Jahrbikher

tics Fi-dnkisdicn Rcic}i£s uiUcr Ludwig dem Frommm, 1874-76

LOUIS XL, Roman emperor, grandson of the preceding,

was born about 822 and crowned king of Lombardy in

844. From 849 he shared the imperial title with his

father, Lothair I., being crowned at Rome by Leo IV. in

850. He succeeded to the undivided but almost entirely

nominal dignity in 855. On the death of his childless

brother, Lothair of Lorraine, in 869, the inheritance was
seized and shared by his uncles Charles the Bald and Louis
the German ; the pope, however, espoused the cause of

the emperor, crowning him king of Lorraine in 872.

Lonis II. died in 875, and the imperial crown was forth'

with bestowed on Charles the Bald.

LOUIS III., Roman emperor, surnamed "The Blind,"

was the son of Boso, king of Provence, and, through his

mother, grandson of the emperor Louis II. He was born
about 880, called to the throne of Provence in 890, aud
crowned emperor in succession to Berengar I. at Rome in

901. In 905, while residing at Verona, he was surprised

by his discrowned rival, blinded, and ultimately sent back
to Provence, where he lived in inactivity and comparative

obscurity until 929.

LOL'IS THE Child, though he never actually received

the imperial crown, is usually reckoned as the emperor
Louis III. or Louis IV. He was the son of the emperor
Arnulf, was born in 893, and succeeded to the throne of

East Francia or Germany in 900, when he was six years of

age. During his brief reign Germany was desolated by

the Hungarians, who invaded the country year after year,

defeating every force that ventured to oppose them. At
the same time the kingdom was weakened by internal strife.

The result of the prevailing anarchy was that the imperial

constitution established by Charlemagne broke down, and

Germany was gradually divided into several great duchies,

the rulers of which, while acknowledging the supremacj- of

the king, sought to become virtually itidependeut. Louis,

the last of the Carolingian race iu Germany, died in 911.

LOUIS IV. (or v.), "the Bavarian," German king and

Roman emperor, was born in 1286. He was the son of

the duke of Bavaria, and in 1314, after the death of the

emperor Henry VII., was elected to the throne by five of

the electors, the others giving their votes for Frederick,

duke of Austria. This double election led to a civil war,

iu which Frederick was supported by the church and by

many nobles, while the inhabitants of the great cities rallied

round Louis. In 1322 Louis gained the battle of Miihldoif,

taking Frederick prisoner; but the war stiU went on. Pope

John XXII. excommunicated Louis in 1324 ; whereupon,

wishing to bring the conflict to an end, Louis offered to

liberate Frederick on condition that lie would withdraw

his claim to the throne, and restore the cities and imperial

lands seized by his party in Swabia. Frederick, finding

that the obstinacy of his brother, Duke Leopold, would

render it impossible to fulfil these terms, returned to cap-

tivity ; and Louis was so touched by his magnanimity that

he proposed that they should share the responsibilities of

government. The plan was tried but did not succeed,

and was virtually abandoned before Frederick's deatK.iii

1330. In 1327 Louis had gone to defend his rightsMol

Italy, where he was crowned emperor by Pope Nicholas, V,
whom he supported in opposition to Pope John XXi [

Returning to Germany in the year of Frederick's deati!,

he made peace with the house of Austria, but John XXIE
refused to be conciliated, and his successor Benedict XII.,

acting in part under the influence of France, continued

the struggle. Irritated by the revival of papal pretensions

which no longer commanded respect in Germany, the elec-

tors met at Rhense, and on the 15th of ^uly 1338, issued

an important declaration to the effect that the emperor

derived his right to the German and imperial crowns, not

[
from, the pope, but from the electors by whom he waa



LOUIS 17

appointed. As the reprssentative ot national independence,
Louis miglit have made himself one of the most popular

of the emperors, but lie excited bitter jealousies by his

graspiug and unscrupulons disposition. By his marriage

with Margaret, the sifter of Count William of Holland, he
secured llolkiid, Zealand, Friesland, and Hainault ; and
he obtained the mastery of Tyrol by separating the heiress,

Margaret Maultascl), from her husband, a son of John,

the powerful king of Bohemia, and making her the wife of

liis own son Lfiii^, to whom (in 1322) he had granted the

march of Brandenburg. The enemies he thus created were
reinforced by I'ope Clement VI., who not only excom-
municated him again, but (in 1316) persuaded a party of

the electors to appoint a new king. Their choice fell on
Charles, margrave of Moravia, the son of King John of

Bohemia, who at once made an unsuccessful attempt to

recover Tyrol. The outbreak of a new civil war was
prevented by the sudden death of Louis at a bear hunt
near Munich, on the Ilth of October 1347. The conflict

between the papacy and the empire was practically closed

during the reign of Louis, and he marked an epoch by his

encouragement of the cities in opposition to the princes

and nobles.

See M.nnnert, Kaiser Ludwifj IV., 1812 ; Fr. vou Wcecli, Kaiser

Ludwig der Baier viul Konlg Johann von Bohmen, 1860 ; and
Dobner, Die Auseiiiandcridzung zwischcit Ludwig IV. dem Baier
und Friedrieh dem Schbncn von Oestcrrcicli, 1875.

LOUIS THE German, son of the emperor Louis I., was

born in 804. In the 6rst partition of the empire in 817

he received Bavaria, Bohemia, Carinthia, and the subject

territories on his eastern frontier. Displeased by later

schemes of partition in favour of his half-brother Charles,

he associated himself with bis brothers Lothair and Pippin

against the emperor, and he was in the field in defence of

his rights when his father died. After the emperor's death

in 840, Louis and Chai'les united against Lothair, whom
they defeated in the battle of Fontenay, and in 843 Louis

received by the treaty of Verdun the whole of Germany to

the east of the Rhine, with Mainz, Spires, and Worms on

the left bank. He was a wise and vigorous ruler, but his

forces were inadequate to protect the northern part of his

kingdom against the Norsemen, and he was not always

successful in his wars with Slavonic tribes. In 858 he

invaded West Francia, which he hoped to unite with East

Francia, his own state ; but Charles the Bald proved to be

stronger than Louis had supposed, and he was obliged to

retreat. When Lothair of Lorraine died in 809, his king-

dom was seized by Charles, who caused himself to be

crowned at Metz ; but in the following year, by the treaty

of Mersen, the eastern half of the country was ceded to

Louis. Louis expected to receive the imperial crown after

the death of the emperor Louis II. Charles, however,

outwitted him, and Louis was attempting to avenge this

supposed wrong when he died at Frankfort on August 28,

876. East Francia and West Francia were again united

Mnder Charles the Eat; but, as Louis was the first sovereign

who ruled over the Germans, and over no other Western

people, he is generally considered the founder of the

German kingdom.

Sco Diimmler, Gesdiichle des OstfrdnTcischen licichs, 1862.

LOUIS I., king of France, surnamed Le Ddbonnaire or

the Pious. See Fkance, vol. is. p. 533 ; Geemany, vol.

X. p. 480 ; and Loujs L, emperor, mpra.

LOUIS II., surnamed Le Bigue or the Stammerer, the

Bon of Charles L ("The Bald") by Irmontrud of Orleans,

and the grandson of Louis the Pious, was born on

November 1, 846. On the death of his elder brother

Charles, the second son of Charles the Bald, ho was con-

secrated king of Aquitania in 867, and ten years afterwards

he succeeded his father, bcins crowned by Uincmar of

Ilheims under the title of "king of the French, by the

mercy of God and the election of the people " (December
8, 877). In the following year (September 7) he availed

himself of the presence of Pope John VIII. at Troyes to

obtain a fresh consecration. He died at Compitgne, after

a feeble and ineEfectual reign of eighteen months, on
April 10, 879.

LOUIS III., son of the preceding by Ansgarde, daughter

of Count Hardouin of Brittany, was born about the year

863, and in 879 was designated by his father sole heir to

the French throne. It was decided among the nobles,

however, that the inheritance should be divided between
Louis and his younger brother Carloman, the former

receiving Neustria, or all France north of the Loire, and
the latter Aquitania and Burgundy. On the Loire and
elsewhere the two brothers inflicted several defeats on the

Northmen (879-881) ; but in 882 Louis succumbed to the

fatigues of war, leaving his inheritance to Carloman.

LOUIS IV., surnamed D'Outremer (Transmarinus), son

of Charles IIL (" The Simple") and grandson of Louis II.,

was born in 921. In consequence of the disasters which

befell his father in 922, Louis was taken by his mother

Odgiva, sister of Athelstan, to England, where his boy-

hood was spent,—a circumstance to which he owes his

surname. On the death of Raoul or Eodolph of Burgundy,

who had been elected king in place of Charles, the choice

of Hugh the Great, count of Paris, and the other nobles,

fell upon Louis, who was accordingly brought over the

Channel and consecrated in 936. His f?«/acro sovereignty,

however, was confined to the countship of Laon. In 939

he became involved in a struggle with Otto I. ("The

Great ") of Germany about Lorraine, which had transferred

its allegiauce to him ; the victory remained at last with

the emperor, who married his sister Gerberga to Louis.

After the death of William Longsword, duke of Normandy,

Louis endeavoured to strengthen his influence in the duchy

by obtaining possession of the person of Richard the infant

heir, but a series of intrigues resulted only in his own

captivity at Rouen in 944, from which he was not released

in the following year until he had agreed to surrender

Laon to his powerful vassal Hugh the Great.
_
By the

interposition of Otto, the brother-in-law of Louis, Hugh,

who for some years had effectually resisted both the caijnal

resources of the empire and the spiritual weapons of ithe

church, was at last persuaded to restore Laon. The last

years of this reign were marked by repeated Hungarian

invasions of France. Louis died in 954, and was succeeded

by his son Lothaire.

LOUIS v., Le Faindant, son of Lothaire and grandson

of Louis IV., the last of the Carolingian dynasty, was

born in 966, succeeded Lothaire in March 986, and died

in May 987. He was succeeded by Hugh Capet.

LOUIS VL, surnamed Le Gros, L'Eveilld, and Le

BataiUeiir, the son of Philip L of France and Bertha of

Holland, was born about 1078, was associated with his

father in the government in 1100, and succeeded him i

1108. For some .account of his character, and of thi.

events of his reign, see Fuance, vol. ix. pp. 638, 539. He

died on August 1, 1137.

LOUIS VII, Le Jcuneand Lo Pieus,8on of Louis \ I.,

was born in 1120, and was associated with his father on

the death of his elder brother Philip in 1131, being crowned

at Rheims on October 25 by Pope Innocent II. He

succeeded to the undivided sovereignty in 1137, the news

of his father's death reaching him as he was engaged at

Poitiers in the festivities connected with his unlucky

marriage to Eleanor of Aquitania. In 1141 he made an

unsuccessful attempt to assert his rights as duke of

Aquitania over the countship of Toulouse, and in 1142 he

fell'into a vehement quarrel with Pope Innocent IL, who

1 ^_ f^
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bad presumed too mucb on the piety of the well brought-
up young prince by appointing a nephew of his own to

the archhiahopric of Bourges. In the coursti of the contest

Louis, who had been excommunicated, pursued the new
archbishop into the territory of the count of Champagne,
and stormed Vitry, in the sack of wtucb the cathedral was
burned, causing the death of three hundred persons who
had taken refuge within its walls (1143). Louis, horror-

Btruck, made peace with the pope and his secular adversary,

but found that nothing less than a pilgrimage to the Holy
Land would suffice to expiate his offence. The capture of

Edessa and the massacre of the Christians ia 1144 led to

the preaching of the second crusade by St Bernard, and in-

1147 the king, leaving the regency in the hands of the

Abbd Suger and Raoul, count of Vermandois, set out for

the East, accompanied by his queen, a large company of
nobles, and twenty-four thousand men. The disastrous

results of the expedition, personal, domestic, and public,

have already been recorded in the article Erance (vol.

ix. p. 540), where also his' long struggle with Henry IL
of England', which terminated only in 1178, is briefly

described. In 1178 he made a pilgrimage to the tomb of

St Thomas of Canterbury on behalf of his eldest son Philip

Augustus, then dangerously ill, and in the following year
he associated him with himself in the sovereignty. Louis
died on September 18, 118(X

LOUIS ;'VIIL, surnamed Le Lion, born on September
5, 1187, was the son of Philip Augnstus, whom he suc-

ceeded in July 1223. In 1200 he had' married Blanche
of CastQe, the granddaughter of Henry II. of England,

and in virtue of this connexion he received from the

English barons in 1216 an offer of the crown, which
he accepted. Landing in England in May, he achieved

several military successes, but retired early in 1217 ; later

in the same year he renewed the attempt to make good his

claims, but finally quitted English soU in September. He
nest took Charge of the war against the Albigenses with

varying success; it continued after his accession to the

throne, and ultimately proved fatal to him. He died, most
probably of pestilence, shortly after the capture of Avignon,

at Montpensier in Auvergne on November 8, 1226, and
was succeeded by his son Louis IX.

LOUIS IX., Saint (1215-1270). See France, vol.

ix. pp. 542, 543. He was canonized by Boniface VIII. in

1297, and is commemorated in the Boman Catholic

Church on August 25 or 26. He was succeeded by his

eon Philip III
LOUIS X., Le Hutin, was the eldest son of Philip PV.

(the Fair) and Joan of Navarre, and was born in 1289.

He succeeded his mother in the kingdom of Navarre and
countships of Champagne and Brie in 1305. Historians

are not agreed as to the origin of the surname (" The
Quarreller ") by which he is known in France, but it seems
with most probability to commemorate the wild and
boisterous character of his youth. He succeeded his

father in 1314, and died, after a short and unimportant
reign of less than two years, in June 1316. He was
succeeded by his brother Philip 'V.

LOUIS XI., son of Charles \1L and Mary of Anjou,
was born at Bourges on July 3, 1423. His jealous,

ambitions, and restless character early manifested itself in

the attitude of opposition he assumed to his father's mistress

Agnes Sorel, and in the part he took (1439) as leader of

the "Praguerie," as the league formed by the nobles

against the introduction of a standing army was called.

Though pardoned by his father in 1440 after the failure of

the attempt, he never thecceforward enjoyed any of his

confidence. He distinguished himself in the years

immediately following in several military expeditions, but
finally settled (1446) in his apanage of Dauphin^, where

he acted with great independence, until in 1456 Charles,

irritated by the intrigues of his son, intimated his intention

of Limself resuming the government of that province. Not
waiting the arrival of the army wl.ich had been sent to

take possession, Louis fled for protection to his uncle the

duke of Burgundy, who assigned him a pension and a
residence at Nieppe near Brussels. The death of Charles

on July 22, 1461, permitted his return to France, where he
was crowned at Eheims as Louis XI. in the following

month. For the leading events of the three periods of his

reign the reader is referred to Feance, vol ix. pp. 552, 553.

He died at Plessis-lfes-Tours on August 30. 1483, and was
succeeded by his son Charles 'VIIL

LOUIS Xn. was born at Blois in 1462. His father

was Charles, duke of Orleans, the grandson of Charles V.

and the cousin of Charles VIL, who spent twenty-fivo years

of captivity in England, and who still holds an honourable

place on the roll of I'rench poets. Louis himself was for

three years (1487-90) the prisoner of his second cousin,

Charles VIIL, in the castle of Bourges, but afterwards

seconded his ambitious schemes faithfully and well, and on

his death (149S) succeeded him, taking the titles of king

of Frenoe, Jerusalem, and' the Two Sicilies, and duke of

Milan. For the events of his reign see Fku^ce, vol. ix. pp.

554, 555. He died on January 1, 1515, and was succeeded

by Francis I.

LOUIS XIII., the son of Henry IV. and Mary de' Medici,

was born at Fontainebleau on September 27, 1601, and

succeeded his father on May 14, 1610, his mother mean-
while availing herself of the confusion caused by the

assassination to seize the regency. For some years the

affairs of the kingdom were directed by the council of

regency in wh'ch the Florentine Concini, created Marquis

d'Ancre and a marshal of France, was the most prominent

figure. After the assassination of D'Ancre in 1617,

Marshal Luynes, the favourite of the weak young king,

held the reins of power for about four years ; his death of

camp fever in the end of 1621, in the course of the

Huguenot campaign, left Louis free to assert his own
independence, which he did by carrying on the war with

some vigour until its termination in the peace of

MontpeUier (1622). In 1624 Richelieu entered the council

of state, and guided the affairs of Louis and of France for

the nexteighteen years (see France, vol ix. pp. 568-571).

Louis, who died at St Germain-en-Laye on May 14, 1643,

was married at the age of fouiteoU (December 1615) to

Anne of Austria, daughter of Philip III. of- Spain ; but his

eldest son, who succeeded him as Louis XIV., was. not bom
until twenty-three years afterwards.

LOUIS XIV., surnamed Le Grand, the elder son of the

preceding, was born at Saint-Qermain-en-Laye on Septembei

16, 1638, succeeded to the throne of France in his fifth

year, was declared of age in September 1651, and was

crowned on June 7, 1654, His marriage with the infanta

Maria Theresa of Austria, daughter of the Spanish Philip

rV., was solemnized at St Jean-de-Luz on June 9, 1660.

On the death of Mazarin in 1661 Louis XFV. began his

true reign, the leading events of which wiU be found

recorded in the article Feance (vol. ix. p. 574-584). He
died at Versailles on September 1, 1716. Of his legitimate

children by Maria Theresa, only one, Louis the Dauphin

(1661-1711), reached manhood; he was married to a

Bavarian princess by whom he had three sons—Louis the

Dauphin, duke of Burgundy, who was the father of Louis

XV. ; Philip, duke of Anjou, afterwards Philip V. of Spain

;

and Charles, duke of Berri.

LOUIS XV., great-grandson and successor of the pre-

ceding, born • at Versailles on February 15, 1710, was

the third son of Louis, duke of Burgundy. His father

became dauphin in 1711, and died in 1712, and he him-
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self succeeded to the throne of France on September 1,

1715. His majority was declared in February 1723, and

on September 5, 1725 (his cousin, to whom he had been

engaged since 1721, having been sent back to Spain),

his marriage to Maria Leczinski of Poland,,hi3 senior by
seven years, was solemnized at Fontainebleau. This union

continued to subsist after a fashion until th6 queen's

death in 1768 ; but the successive relations of the king

with De Chateauroux, De Pompadour, and Du Barry are

elements of much greater interest and importance to the

student of his reign. His surname of " Le Bien-aim6 " is

said to date from August 174-1, when he was seized with

a dangerous illness at Metz ; the people of Paris rushed in

crowds to the churches to pray for his recovery, nor could

they sleep, eat, or enjoy any amusement until the " well-

.beloved king " was out of danger. He died of smallpox
on ilay 10, 1774, having been predeceased for some years

by his only son Louis. His successor was his grandson

Louis XYL for his reign see France (vol. is. pp. 584-
5i>.3).

LOUIS XVI., third son of Louis the Dauphin, and
grandson of Louis XV,, was born at Versailles on August

23, 1754, was married to Marie Antoinette, archduchess

of Austria, at Versailles, on May 16, 1770, succeeded his

grandfather on May 10, 1774, and was beheaded on

January 21, 1793. See France (vol. ix. pp. 593-604).

LOUIS XVII., titular king of France, the third son of

Louis XVI. and Marie Antoinette, was born at Versailles

on March 27, 1785, became dauphin in June 1789, was
proclaimed king after the execution of his father, was
recognized as such by the Governments of England and
Russia, but died in captivity in the Temple, Paris, June 8,

1795.

LOUIS XVIIL, brother of Louis XVL, was the fourth

grandson of Louis XV., and was born at Versailles on
November 17, 1755, receiving at his birth the title of

count of Provence. During the earlier stages of the

revolutionary struggle he showed considerable sympathy
with the popular party, but in June 1791 he found it

necessary to withdraw to Coblentz, and subsequently he

took some part in the operations of the army of Conde. He
was At Hamm in Westphalia when tidings of his brother's

murder arrived, and lost no time in proclaiming the

succession of his nephew Louis XVII., himself being

recognized as regent. In June 1795 he succeeded to the

regal title ; after several years of involuntary wandering he

found an asylum in England from October 1807 till April

1814, when he re-entered France. Htf only once left it

again, during the " Hundred Days " (March to June 1815);
his death took place at Paris on September 18, 1824. For
his reign, see France (vol. ix. pp. 617-619). He was
succeeded by bis brother Charles X.

LOUIS-PHILIPPE, king' of the French, was born at

the Palais Pioyal, Paris, on October. 6, 1773. His father

was Louis-Philippe-Joseph, duke of Orleans, a descendant

of the younger brother of Louis XIV., and by his mother

he derived his origin from the Comte de Toulouse, the

legitimized son of Louis XIV. and Madame de Montespan.

At his birth he received the title of duke of Valois ; and
after 1785, when his father succeeded to the Orleans title,

lie himself bore that of duke of Chartres. In 1781 Madame
de Genlis was appointed his "gouverneur." From 1789
onwards he manifested sincere sympathy with the new
ideas then gaining currency, and in June 1791 he joined

at Vendome the regiment of dragoons of which he had been

colonel since 1785. In 1792 he took part in the battles

of Valmy and Jemmapes, holding high military rank under

Kellermann and Dumuuriez ; in the following year he was

present at the bombardment of Venloo and of Maestricht,

and showed itiuarkable courage at Neerwinden. Proscribed

along with Dumouriez, he entered upon a period of twenty-
one years of exile from France, spent partly in Switzerland
and other European countries, partly in the United States
and in the Spanish American colonies. By the .execution
of his father he became duke of Orleans in 1793; and he
was married to Marie Am^lie, daughter of Ferdinand IV.
of Naples, at Palermo, on November 25, 1809. In Aprilj

1814 he returned to Paris, where his old military rank and
the property of his father were restored to him ; the
"Hundred Days" in 1815 condemned him to a renewed
but much briefer exile; during the reign of Louis XVII I.

he was regarded with some jealousy by the cou.i; on account
of his liberal opinions, but enjoyed greater favour under
Charles X.; immediately after the three days of July 1830,
he was called to exercise the functions of " lieutenant;

general of the kingdom," and on August 9 he accepted the
title of king of the French. For his reign see France
(vol. is. p. 620-622). Escaping in disguise from Paris at

the Revolution of 1848, he on March 3 reached England,
where Claremont was his home until his death on August
26, 1850.

LOUISA (1776-1810), queen of Prussia, was born
March 10, 1776, in Hanover, where her father, "Duke
Charles of Mecklenburg-Strelitz, was commandant. After

the death of her mother, who was by birth a princess of

Hesse-Darmstadt, she was entrusted to the care of a Fraulein

von Wolzogen, and afterwards to that of her grandmother,'

the landgravine of Hesse-Darmstadt. During the period]

of the revolutionary wars, she lived for some time with
her sister Charlotte, the wife of Duke Frederick of Saxe-'

Hildburghausen. In 1793 she met at Frankfort the crown
prince of Prussia, afterwards King Frederick William III.J

who was so fascinated by her beauty, and by the nobleness

'of her character, that he asked her to become his wife.'

On April 24 of the same year they were betrothed, and on
the 24th of December they were married. As queen of

Prussia she commanded universal respect and affection,

and nothing in Prussian history is more pathetic than the

patience and dignity with which she bore the suffering*

inflicted on her and her family during the war between
P-russia and France. After the battle of Jena she went
with her husband to Konigsberg, and when the battles of

Eylau and Friedland had placed Prussia absolutely at the'

mercy of France, she made a personal appeal to Napoleon
at his headquarters in Tilsit, but without success. Early

in 1808 she accompanied the king from Memel to Konigs-

berg, whence, towards the end of the year, she visited

St Petersburg, returning to Berlin on the 23d of December
1809. During the war Napoleon, with incredible bru-

tality, attempted to destroy the queen's reputation, but the

only effect of his charges in Prussia was to make her more

deeply beloved. On the 19th of July 1810 she died in

her husband's arms, while visiting her father in Strelitz.

No other queen in modern times has been more sincerely

mourned. She was buried in the garden of the palace at

Charlottenburg, where a beautiful mausoleum; containing a

fine recumbent statue by Rauch, was built over her grave.

In 1840 her husband was buried by her side. The Louisa

Foundation (Luisenstift) for tho education of girls was

established in her honour, and in 1814 Frederick William

III. instituted the Order of Louisa (Luisenorden). On
the 10th of March 1876 the Prussian people celebrated

tho hundredth anniversary of her birth, and it was then

decided to erect a statue of Queen Louisa in the Thiergarten

at Berlin.

See Adamt, Luise, KSnigin von Preussen, 7th cd., 1875 ; Engel,

JOinigin Luise, 1876 ; Khickbohn, Liiisc, KUnigin von Preusscn,

1876 ; Mommsen and Treitschke, KSnigin Luise, 1876 ; in

English, Hudson, Life and Times of Louisa, Queen <tf Prussia^

1874.
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LOUISIANA.

LOUISIANA, one of the southernmost States of the American
Union, was admitted into the United States of America on

the thirtieth of April, 1S12. It is bounded on the north by

Arkansas, on the east by Mississippi, on the south by the Gulf

of Mexico, on tlie west by Texas. The western line begins

on the gulf at the mouth of the Sabine River, and follows a

line drawn along the middle of that stream, so as to include

all islands to the thirty-second degree north latitude, and
thence due north to the thirty-third degree. The northern line

follows this parallel of latitude to a point in the middle of the

Mi.ssissippi Kiver. From this point the ea.stern line follows

the middle of the river to the thirty -first degree, and runs on
the parallel to the eastern branch of Pearl Kiver ; the line

then follows the middle of this stream to its mouth in the estu-

ary, which connects Lake Pontchartrain with the gulf. The
State is 290 miles from east to west and 200 from north to south.

The area is a superfice of about 4S,000 square miles, Louisi-

ana being in extent about equal to North Carolina. There are

1,060 square miles of land-locked bays, 1,700 of inland lakes

and 540 of river surface, which leaves, according to the last

census, 45,420 square miles of land area for the State.

Climate.—The climate of the State is semi-tropical. The
mean annual temperature is between 60° and 75° Fahr. The
mean temperature for the hottest montli is 85° and for the

coldest month about 45°. Summer is the longest season ; it con-

tinues for five months, and besides there are many hot days in

March and April, October and November. The thermometer

sometimes reaches 105° in the summer, and in winter it

has fallen to 17°. Ulloa relates that he has seen the Missis-

sippi frozen, before New Orleans, for several yards from the

shore. The variations in tlie thermometer are frequent and
sudden ; it falls and rises, within a few hours, from ten to

twenty-four degrees.

The fall of the year is the most pleasant season in Louisiana,

and when the wind is northerly the sky is remarkably serene.

The transition from winter to summer is by an extremely short

spring. The winds are generally erratic and changeable, blow-

ing within a short space of time from every point of the com-
pass.

Surface.—By a singularity of which Louisiana ofTers perhaps

the only instance, the more elevated ground in the State is found

on the banks of its rivers. The average elevation of the whole

State is only 75 feet, and no part is much over 400 feet above

sea level. Back from the rivers, especially from the Missis-

sippi, are found swamps, which drain the arable land. These
give to some parts of the State in the vicinity of this great

stream a disagreeable asjiect. They also obstruct communica-
tion and insulate the planteis. Each of the larger rivers Hows

through a belt of alluvial soil. In the case of the Mississippi,

it varies in width from 10 to 50 miles. The Mississippi rises

at its Hood higher than the neighboring land and inundates it,

where it is not protected by an artificial bank or levee. Thus
this river flows on a ridge formed by its own deposits. The
declivity of the land on the east side of the river toward Lake
Pontchartrain shows that the earth which the water of the Mis-

sissippi deposited, formed, in course of time, the island on

which the city of New Orleans now stands. All the maritime

coast of Louisiana is low and marshy; that from the mouth of

the Pearl River to the Perdido is faced by low and sandy

islands of which the principal ones are those of Chandeleur;

besides those there is a large number of islets.

The swamps extend inland from 10 to 60 miles, and the

water-courses alibrd the only means of approaching the coast,

except where the ridges which contain the rivers approach the

gulf. Here and there may be seen a live-oak ridge, or a small

extent of slightly elevated prairie. This coast region, where at

all cultivated, is devoted to raising rice and sugar-cane. These

low basins, comprising marsh and alluvial lands, take up about

one-half of the land area of the State ; the rest is forest prairie

or upland country. ,

Mi'-ers and Lakes.—The largest river of the State is the Mis-

sissippi, which has 600 miles on the border of and through the
State. This river discharges itself into the gulf, at the southern
extremity of Louisiana, through several mouths. The east pass,

which is largely iLsed, is the shortest, being 20 miles in length;

the south pass is 22, and the southwest 25. The bars which
obstruct these passes are subject to change, but immediately on
entering the river there are from three to thirty fathoms of

water. The channel of the river is very deep, which helps to

preserve its course at flood times, when it overflows its banks.

It is evident that the levees will not serve much longer as a
safeguard against overflow. As fast as the levees are built up
the bed of the river itself rises, and the only result is that the

river itself is raised still higher above the surrounding country.

It will require more thought and engineering skill to contain

this mighty stream, which has a perceptible ebb and flow of

tide even at St. Louis, than has yet been expended upon it, if

the rich alluvial lands along its course are to be made useful.

Red River empties its waters into the Mississippi. This
juncture of the two rivers is memorable as being the spot on
which the army of Charles I., of Spain, under De Soto, towards
the middle of the sixteenth century, committed the body of their

chief to the water in order to prevent its falling into the hands
of the Indians. The Ouachita or Washita, Sabine and Pearl are

among the other large rivers of the State. All are navigable

except the Pearl. The southern part of the State is much cut

up by rivers, which have received the local ajipellalion of bay-

ous. They are secondary outlets often for the larger rivers or-

lakes, and furnish a means of draining the swamps. In flood

time this network of bayous is almost indispensable for carry-

ing ofl the surplus of water. Some are useful in navigation, as

the Achafalaya Bayou, Bayou la Fourche and Bayou Boeuf
The name bayou has come to be a common one, and is now
applied to almost any sluggish or halt' stagnant stream.

Considering the low level of the land, it is not strange to

find the State, especially the southern part, interlocked with

lakes. Along the coa.st there are Pontchartrain, Horgue,

Maurepas and Sabine lakes. These, with others situated along

the gulf coast, are properly lagoons. Along the river, lakes

are formed by a cliange of chamiel—the deposit of silt grad-

ually cutting off' portions of the river and forming little lakes.

This happens frequently on the Mississippi and sometimes on
the Red River. A third class of lakes is that which the " raft

"

in the river, at flood times, forms by causing a "set-back" in

the water. This is the case in the river above Shreveport.

Ve<ielation.—The alluvial lands furnish a soil of remarkable
permanence and fertility. Louisiana, like Florida, is a land of

flowers, and the flowers yield the richest perfume. About one-

fifth of the State is wet, swampy and unfit for any sort of culti-

vation, and the greater part of this covered with lofty cypress

trees or wide-spreading live-oaks, from which hangs the Span-
ish moss in long festoons, giving the forests a most weird ap-

pearance. The trees that flourish in the alluvial regions are
the a^h, hickory, sweet gum, walnut, magnolia ; and the Spanish,

black, white, post, w'ater and chestnut oak ; also Florida anLse,

tulip tree, linden, lance-leaved buckthorn, acacia, cherry, holly,

pomegranate, arbor vitae, lime, pecan, tillandsia, white cedar,

red cedar, sycamore and yellow pine, besides the willow, cot-

tonwoods, basket oaks and other similar species. On the up-

lands, or tertiary formations, are found poplar, elm, maple,
honey locust, prickly ash, persimmon, box-elder, dogwood,
hackberry, mulberry, sassafras, tupelo and black locust. The
])rinci])al fruit trees are the orange, papaw, peach, ([uince,

jUum, fig and olive. The tertiary region has not so good a soil

as the alluvial, but Indian corn yields a belter crop in that soil

Cotton is grown here as well as on the rich alluvium. Theco8->»

lands are unsurpassed for the production of rice and sugar-care,

while the deltas raise sweet potatoes, buckwheat, barley and
figs. On the islands off' the coast is produced the famous sea

island cottcm to a limited extent. Oranges grow abundantly ii

the southern part of the State, and their blos.soms, together with

the jessamines, camelias, oleandei-s and roses, as well as the

other flowers native to a semi-tropical climate, make the air

redolent with perfume through nearly the entire year. Almost
every kind of fruit common to a similar climate is to be founa
here.

Zuology.—The hot, moist climate is favorable to certain ani-

mals. Every lake and bayou contains alligators, while lizards,
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tnrtle.s, homed toad.s, rattlesnakes and moccasins are quite
abundant.

In the forests black bears are somelimes met with, also the
panther, wild-cat, raccoon, opossum, otter and squirrel. The
bald and gray eagle, vulture, hawk, owl, ]ielicaii, crane, turkey,
goose, partridge, duck, gull, heron and turkey-buzzard are
among the more common species of birds. There are many
varieties of smaller birds, some of whicli are of brilliaiit

plumage. The fish are of many varieties and excellent quality.

The species are those common to the gulf.

Geolor/ij.—The geological formations, so far as can be seen, are
in no wise complex. The Mississippi and Red River basin.s, cov-

ering three-fifths of the areaof the State, are alluvial and diluvial

formations. Some of these deposits are (3U feet deep. Tliese
" made lands," especially about the deltas, are constantly grow-
ing and pushing out into the gulf. The rest of the State, which
comprises the region west of the Ouachita and Calcasieu rivers

is tertiary. A few islands in the northwestern part of the State

are cretaceous. The alluvial region belongs to the quaternary
formation. The cretaceous rocks are mostly limestone, gypsum
and salt-bearing strata. In the Tertiary region is found lignite

or brown coal, of an inferior quality, iron and salt deposits.

The salt strata on Petite Anse island have been extensively

worked. In the southern part of the State there are sulphur
deposits, 112 feet in thickness, which yield from 60 to 9(5 per
cent, of pure sulphur. Copper, jasper, agates, sardonyx and
onyx have been found in the tertiary regions.

Oorernmcnt.—The present constitution of Louisiana was
adopted and ratified by the people April, 1S68. The govern-
ment consists of an executive, legLslative and judicial depart-

ment. The executive department is made up of a governor,

lieutenant-governor, secretary of state, auditor, treasurer, superin-

tendent of education and attorney general. These officers are all

electedby the people, and holdtheirofficesforatermof fouryears.

The legislative department consists of a senate and house of

representatives. The representatives are elected every two
years, and, by law, the number must never be less than 90 or

more than 120. There are 36 senators, and the senatorial

districts are arranged according to jiopulation. Senators hold
office for four years. The sessions are limited to 60 days,

except by a two-thirds vote of the members of both houses.

The judicial power is vested in a supreme court, district courts,

parish courts and justices of tjje peace. The supreme court has
appellate jurisdiction only, except in special cases provided for

by law. It consists of one chief justice and four associate

justices, appointed by the governor, with the advice and con-

sent of the senate, for the term of eight years. They must be
citizens of the United States, liave practiced law eight years,

and for the last three years in Louisiana. There are 18

judicial districts, with a judge, elected by popular vote, for each
district. Tliese courts liavc original jurisdiction in all criminal

cases, and in civil cases of over Sf.^OO, and appellate jurisdiction

in cases of over $100. The parish judges are chosen by the

peojjle for a term of two years, as are also the justices of the

peace. The State has fifty-eiglit parishes or counties. Kach
parish is divided into a certain number of police wards, which are

designated by numbers. Every male person of the age of 21

years or upwards, born or naturalized in the LInited States, who
has resided in the State for one year next preceding an elec-

tion, and in the parish where he votes for ten days—except an
insane or idiotic person or one convicted of felony—is deemed
a voter. Louisiana has two senatoi"s in the National Congress.

They are chosen by the members of the legislature of the State,

and hold oftice for six years. The State sends six representa-

tives to Congress, who are chosen by the people from the several

representative districts.

Mtckaitical and Manufacturinri Industries.—Louisiana has
begun to realize the advantage of home industries, and in the

last few years has made great advancement along these lines.

The following table shows the extent of her leading manufac-
tories :

Industry.
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persons, over ten years n{ ase, who could not read ; of these

259,429 were colored, Indians or Chinese. There were eleven

colleges and universities in the State, employing 14S instructors

in the preparatory and collegiate departments, with 1,040

students in the preparatory and 701 in the collegiate depart-

ment.
Htstoiy.—The annals of Louisiana will always be an interest-

ing chapter in the history of the world. It does not concern

merely the area whioli is now included within the boimdaries
of the present State ; it embrace-s the story of the repeated and
persistent attempts of France to found an empire in tlie new
world, which should extend from the mouth of the St. Law-
rence across the great lakes to the mouth of the Mississippi.

The Louisiana of the seventeenth century extended from the

Alleghanies to the Kocky Mountains and from the Kio lirande

and the gulf to the dim regions whicli now constitute British

America. It wa-s fii-st visited by Europeans in 1.541. De Soto,

of the Spanish government service, with his followers, explor-

ing the coast west of Florida, came to the Mississippi River.

He explored the country on botli sides of the river, where now
stands the city of New Orleans. In 1-542 he was taken sick and
died. His followers buried him in the Mississippi Kiver, atthe

point where it is met by the Ked River. In 1()73 Father Mar-
quette and his (.'anadians, starting from Canada, descended the

great river from Illinois to tlie moulh of the .\-.kansas. The
river was again descended by La Salle, in 1682, who took
pos.session of the country in the name of Louis XIV., and for

him named the country Louisiana. He explored the river to

its mouth, and, returning to France, organized plans for estab-

lishing a colony. The ship failed to reach the mouth of the

Mississippi and the colony landed in Texas. It is doubtful

whether any colony was established in Louisiana before 1699,

when Iberville witli a company attempted a settlement at

Biloxi. This was the chief town till 1702 when Bienville

moved the headquarters to the west bank of the ilobile River.

The soil of Biloxi is very sterile, and the settlers seem to have
depended mainly on supplies from F"rance or St. Domingo.
On the 26th of September,1712 the entire commerce of Louisiana,

with a considerable control in its government, was granted to

Anthony Crozat, an eminent French merchant. The grant to

Crozat, so magnificent on paper, proved of but little use to him
and of no benefit to the colony, and in 1718 he surrendered the

privilege. In the same year, on the 6tli of September, the

charter of the Western or Mississippi Company was registered

in tlie parliament of Paris. The exclusive commerce of Louisi-

ana was granted to it for twenty-five years, and a monopoly of

the beaver trade of Canada, together with other extraordinary

privileges, and it entered at once on its new domains. Bienville

was appointed governor of tlie colony for the second time. He
had become satisfied that the chief city of the colony should be
situated on the Mississippi River, and therefore, in 1718, New Or-
leans was founded. It was about this time that the engineer,

Panger, reported a plan for removing the bar at the mouth of

one of the pa.sses, by a system very much the same as that

so successfully executed recently by Captain Fads. It was a

mooted question, however, for some time, wliether New Orleans,

Manchac or Natchez .should be the colonial capital ; but Bien-

ville had his own way, and removed the seat of government to

New Orleans in 1722. The Western Company possessed and
controlled Louisiana some fourteen yeai-s, when finding the

principality of little value, it surrendered it in January, 1732.

In 1703 occurred an event which left a deep impression on the

history of Louisiana. On the third of November of that year
France, by a secret treaty, ceded to Spain all that portion of

Louisiana which lay west of the Mississippi, together with the

city of New Orleans, and the island on which it stands. The
war between England, France and Spain was terminated by the

treaty of Paris in February, 1764. I?y the terms of this treaty,

the boundary between the French and English possessions in

North America was fixed by a line drawn along the middle of

the Mississippi, from its source to the River Iberville, and from
thence by a line in the middle of that stream and Lakes Maure-
pas and Pontchartrain to the sea. The French inhabitants

were astonished wlien they found themselves transferred to

Spanish domination. Some of them were even so rash as to

organize in resistance to the cession, and finally in 1766 ordered
away the Spanish governor, .\ntonio de Ulloa. In 1769 Alex-
ander O'Reilly, the commandant of a large Spanish force,

arrived and reduced the province to actual possession. The
colony grew slowly from this time until the administration of

Baron de Carondelet, but under his management, from 1792 to

1797, marked improvements were made. In 1794 the tii-st news-

paper was established—the Moniteur. On the 1st of October,

ISOO. a treaty was concluded between France and Spain b\
which the latter promised to restore to France the province of

Louisiana. France, however, did not receive formal possession

till November 30, 1803. But France did not remain long in

possession. The cession to her liad been procured by Napoleon,
and he did not deem it politic to retain such a province. In
April, 1803, it was ceded to the United States, and on the 20th
of December of that year the United States took possession.

The price paid was 60,000,000 francs, besides ^3,750,000 for

Frencli spoliation claims. In 1804 the territory of Orleans was
established by order of Congress. The rest of the immense
purchase was at fii-st erected into the district of Louisiana;
then, in 180-5, into the territory of Ixiubiana, and, in 1812,
into the territory of Missouri. At the time of the .Vmerican
possession, in 1803, Laussat tlie French colonial prefect, de-
clared that justice was then administered "worse than in

Turkey." With the .\merican domination came new ideas.

In 1808 a civil code of law was for the first time adopted by
legislature in Louisiana. It was based, to a large extent, on a

draft of the Code Napoleon. By act of Congress, in 1811, the
inhabitants of the territory were authorized to form a consti-

tution, with a view to the e.stablislimer.t of a State govern-
ment. The debates in the National lionse of representatives

on this bill were long and interesting. The bill having been
passed, however, the constitution of 1812 was framed and
adopted, and in April, 1812, Congress passed an act for the
admission of Louisiana into the Union.

Three months after this, war was declared against England by
the United States. The contest coutiuued until the treaty of
Ghent. December 24, 1814. However, before the news of peace could
cross the oceHU. a force of 12.000 English soldiers, under Sir John
Packenham, landed in Louisiana and attacked New Orleans, which
was successfully resisted by General Jackson with only 5.000 men,
most of whom were militia' from Tennessee and Kentucky.
The progress of the State from this time until the outbreak ol

the civil war was very rapid. Louisiana had a large interest in
slavery. On account of the extensive cultivation of cotton, rice
and sugar-cane, and the consequent demand for labor, her slave
population almost equaled the white. At the outbreak of the war
for the Union, Louisiana promptly took a position in favor of se-

cession. Its ordinance of secession from the Union was passed
December 23, 1860. bv a vote of 117 to 113. On March 21, istil, the
same convention adopted the Confederate constitution, without
submitting it to the people, and in order to conform it to their
State constitution passed amendments for that purpose. From
this time until the close of the war, the State government was
nominally in the hands of the Confederates, though for the last

two years of civil strife its territory, for the most part, was in the
hands of the Federals. Some of the earliest as well as the latest
scenes of the war were enacted in this State.
In April, 1S62. Farragut's command entered the Mississippi River.

He succeeded in passing and silencing Forts Jackson and St. Philip,
which defended the approaches to New Orleans, and captured the
city on the 2oth of April. 1862, It was afterwards handed over to
the land forces under General Butler and General Banks. By
July, 1S6S, all the Confederate strongholds on the Mississippi
were reduced, the towns captured, and the river opened to navl-
gation. In 1803, General Banks brought the Attakapas country into
subjection to the United States, and" in 1864 other excursions into
the region of the Ked River were made by him, with but partial
success.

In April, 1864. a new constitution was drawn up, preparatory to
the act of readmission of the State into the Union. This consti.
tution was ratified by the people in September, 1864. Under this
constitution officers of the State were elected, but the general gov-
ernment refused to recognize the constitution. In December. 1867.

another convention was called, and its constitution was submitted
to the people to be voted upon according to the provisions of that
act. This constitution was adopted March 6, 1S68, Louisiana was
again admitted to the Union on condition of her ratification of the
Fourteenth amendment This was done on July 9, 1868, and on
the 13th of that same month the government was transferred from
the military to the civil powers. E. C. H.

LOUISVILLE, the sixteenth city of the United States in

population, and the most important port in the State of Ken-

tucky, is situated on the south bank of the Ohio River, in 38°

3' N. lat., 8-5° 30' W. long. The river is here interrupted by a

series of rapids which, except at high water, oblige the steam-

boat traffic to make use of the Louisville and Portland canal

(2.V miles long, constructed in 1833). The city, which has an

area of 13 square miles, and a water front of 8 miles, occupies

an almost level site about 70 feet above low-water mark. Its

plan is regular and spacious, and, in the residential portions the

houses, for the most part, have lawns and gardens in front.

Among the public buildings of importance may be mentioned

the city-hall, the court-house, the public library, the female

high school, the industrial exhibition building, the Roman
Catholic cathedral, and the State school for the blind.

From the time of the introduction of steam navigation

upon the tJliio by Fulton in 1812 Louisville rapidly gained

in importance as a center of river trade. Owing to its
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position at the " falls of the Ohio," which obstruction long
made necessary the transfer of goods at this point, the city

tecame an important depot of supplies for the cotton-grow-

ing States lying immediately to the south. The owners
of plantations in those States devoted themselves wholly
to the culture of cotton, and relied upon Kentucky for

supplies of wheat, Indian corn, oats, and the like cereals,

for the hempen bagging and rope used in baling the cotton,

and for mules and horses, large droves of which were
annually driven south from Louisville. The city was also

for many years one of the principal points in the United
States for pork-packing.

After the close of the civil war, the development of

Kentucky, as of the South generally, entered new channels.

Largely increased facilities of railway transportation, while

bringing Louisville into more direct competition with

Cincinnati, St Louis, and Chicago, resulted in a marked
increase of both its commercial and manufacturing interests,

notwithstanding the decline of the river trade. The ex-

tensive tobacco crop of Kentucky, with much of that grown

in neighbouring States, now finds a market at Louisville,

instead of at New Orleans as formerly ; and it has become
probably the largest market in the world for leaf tobacco,

08,300 hogsheads of which, of an aggregate value e.xceed-

ing $5,000,000, were sold here during 1881. The manu-
facture of whisky is also important, this, with that

of tobacco, paying to the Federal Government nearly

§3,000,000 annually in revenue taxes, in the Louisville

district. Pork-packing employs a capital of $2,520,000,
and the tanning of" leather §1,704,000, this industry

being twenty times larger than before the war, and the

product, especially of sole-leather, being in high demand.
The manufacture of agricultural and mechanical imple-

ments employs $1,915,000 capital, the plough factories,

which produce 125,000 ploughs annually, being among
the largest in tte United States. Steam-power is chiefly

employed, the available water-power of the rapids having

been neglected. The greater part of the coal consumed by
the factories is brought down the Ohio from Pittsburg.

The mountainous eastern portion of the State, rich in vast

'Ian of Louisville.

deposits of both coal and iron, is now penetrated by several

railroads, and others are being constructed, whose influence

in developing this mineral wealth will add largely to the

prosperity of the city.

The reports of the United States census of 1880 give the

following summary of the industries of the city :

—
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and in 1880 it was 123,758. This last total includes

20,905 persons of colour and 23,15G foreigners, tlie larger

proportion of tlic latter being Germans.

It was iu 1773 that Colonel George Rogers Clarke, on liis way
lown the Ohio, left a company of settlers who took possession of

Corn Island (no longer existing), near the Kentucky shore aliove

the falls ; and in the following year the first ru^le cluster of cabins

npiieared on the site of the present city. An Act oi tne % irginian

legislature in 17S0 gave the little settlement the rank of a town,

anil called it Louisville in honour of Louis XVI. of France, then

assisting the Ameiican colonies in thdir straggle for indeiiendence.

The rank of city was conferred by the Kentucky legislature in 1828.

LOULK, an old town of Portugal, in the district of Faro

and province of Aigarve, is beautifully situated in an inland

Lilly district about 5 miles to the north-west of the port of

Faro. It is surrounded by walls and towers dating from

the Moorish period, and the principal church is large and

fine. The special industry of the place is basket-making.

The population iu 1878 v.-as 14,862. The neighbouring

church of Kuestra Senhora da Pietacie is a favourite resort

of. pilgrims.

LOUllDES, capital of a canton, and seat of the civil

court of the arrondissement of Argeles, in the department

of Hautes-Pyrcni5es, France, lies 12 miles by rail south-

south-west of Tarbes, on the right bank of the Gave de

Pau, and at the mouth of the valley of Argelfes. It has

grown up around what was originally a Roman castellum,

and subsequently a feudal castle, picturesquely situated

on the summit of a bare scarped rock. Near the town are

marble quarries employing six hundred workpeople ; and

forty slate quarries give occupation to two hundred and

sixty more. The pastures of the highly ^picturesque

neighbourhood support the race of milch cows which is

most highly valued in south-western France. The present

fame of Lourdes is entirely associated with the grotto of

Massavielle, where the Virgin J.fary is believed in the

Catholic world to have revealed herself repeatedly to a

peasant girl in 1858 ; the spot, which is resorted to by
multitudes of pilgrims from all quarters of the world, is

now marked by a large church above the grotto, consecrated

in 1876 in presence of thirty-five cardinals and other high

ecclesiastical dignitaries. There is a considerable trade in

rosaries 'and other "objets de pidte," as well as in the

wonder-working water of the fountain, for which a

miraculous origin is claimed. Not far from the grotto of

Massavielle are several other caves where prehistoric

remains, going back to the Stone Age and the period of

the reindeer, have been found. The population of Lourdes

\n 1876 was 5470.

LOUSE, a term applied indiscriminately in its broad

sense to all epizoic parasites on the bodies of other animals.

From a more particular point of view, however, it is strictly

applicable only to certain of these creatures that affect the

bodies of mammals and birds. The former may be con-

sidered as lice proper, the latter are commonly known as

bird-lice (although a'few of their number infest mammalia).
Scientifically they are now generally separated into.Anoplwa

md MallopJiaga, although some authors would include all

under the former term. In the article Insects it has been
shown that modern ideas tend towards placing the Anophira
as degraded members of the order Hemiptera, and Mallo-

phaga as equally degraded Psendo-Neuroptera, according to

the different formation of the mouth parts. Both agree in

having nothing that can be termed a metamorphosis ; they

are active from the time of their exit from the egg to their

death, gradually increasing in size, and undergoing several

moults or changes of skin ; but it should be remembered
that many insects of the hemimetabolic division would
scarcely present any stronger indications of metamor-

phoses were it not for the usual outgrowth of wings,

which are totally wanting in the lice.

The true lice (or Anojiliira) are found on the bodios of

many mammalia, and, as is too well known, occasion by
their presence intolerable irritation. The number of genera

is few. Two species of I'dli-ulns are found on the human
body, and are known ordinarily as the head-luuse (i'.

capitis) and the body-louse (P. vestimoiti) ; some appear

to recognize a third (P. tdlimcenliian), particularly atfect-

ing persons suffering from disease, burrowing (at any rate

when young) beneath the skin, and setting up what is

termed " phthiriasis " in such a terrible form that the

unhappy victims at length succumb to its attacks ; to thi.?

several historical personages both ancient and modern are

said to have fallen victims, but it is open to very grave

doitbts whether this frightful condition of things was due

to other than the attacks of myriads of the ordinary body-

louse. P. capitis is found on the head, especially of

children. _ The eggs, laid on the hairs, hatch in about eight

days, and the lice are lull grown in about a month. Such

is the fecundity ot lieu that it is asserted by Leeuwenhoek
that one female (probably of P. vestimenti) may in the

course of eight weeks witness the birth of five thousand

descendants. Want of cleanliness undoubtedly favours

their multiplication in a high degree, but it is scarcely

necessary here to allude to the idea once Existing, and
probably still held by the very ignorant, to the effect that

they are directly engendered from dirt. The irritation is

caused by the rostrum of the insect being inserted into

the skin, from which the blood is rapidly pumped up.

Attempts have been made to prove that the head-louse

(and, in a smaller degree, the body-louse) is liable to slight

variation in structure, and also in colour, according to the

races of men infested. Thiswas probably first enunciated

by Pouchet in 1841, and the subject received more ex-

tended examination by Andrew Murray in a paper published

in the Transactions of the Royal Society of Edinhurgh ia

1861 (vol xxii. pp. 507-577), who apparently shows that

some amount of variation does exist, but there is yet need

for further investigation. That lice are considered. 6o)!»e«

honches by certain uncivilized tribes is well known. It

would be out of place to discuss here the possible interpre-

tation of the Biblical reference to " lice " (c/. Exodus viiL

1 6, 1 7). A third human louse is known as the crab-louse

{Plithirius pitbis) ; this disgusting creature is found amongst

the hairs on other parts of the body, particularly those of

the pubic region, but probably never on the head ; although

its presence may generally be looked upon as indicating

dissolute association, it should not be regarded as always

resulting therefrom, as it may be accidentally acquired by

the most innocent. The louse of monkeys is now generally

considered as forming a separate genus (Pedicinns), but the

greater part of those infesting domestic and wild quadrupeds

are mostly grouped in the large genus Hsematopinus, and

very rarely is the same species found on different kinds of

animals ; one species is found on the seal, and even the

walrus does not escape, a new species {H. trichechi) having

been recently disoovered affecting the axillae (and other

parts where the skin is comparatively soft) of that animal.

The bird-lLce (or Mallophaga) are far more numerous

in species, although the number of genera is comparatively

small. With the exception of the genus Trichodectes, the

various species of which are found on mammalia, all

infest birds (as their English name implies). As the mouth

parts of these creatures are not capable of being extended

into a sucking tube, but are clearly mandibulate, it appears

probable that they feed more particularly on the scurf of

the skin and feathers ; nevertheless great irritation must be

caused by their presence, for it is notorious that cage-birds,

much infested, will peck themselves to such an extent as to

cause death in their endeavours to get rid of the parasites.

Several hundred species are already known. Sometimes
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"two or three species (ordinarily ol dilfereut geiier.i; iuftst

the same species of bird, and the same species of Joiise is

not often found in different Ijiids, unless those latter

Jiappen to be closely allied. But in aviaries and zoological

gardens such cases do occasionally occur, as is natural
under the circumstances. These are analogous to the
occasional presence of the flea of tlie cat, dog, domestic
fowl, itc, on man; temporary annoyance is caused thereby,

but the conditions are uot favourable for the permanent
location of the parasites. Notwithstanding the marked
preference shown by a special kind of bird-lice for a
special host, there is also a marked preference shown by the

individual species of certiin genera or groups of lice for

allied species of birds, which bears upon the question of

the possible variation of human lice according to the race

infested.

Lilcratiire.—Tlie following; works ar? tlie most imjiortaut :

—

Denny, Moiior/iaphia Anopluroruiii Britannm, Lonilun, 1843;
Oieb'el, Inscda Epizoa (wliich contains tlie woiking-up ol Kitzsch's
•posthumous materials), Leipsic, 1874 ; Van Bencden, Animal
Parasites, London, 1876; Piaget, Les Pidiculincs, LeyJen, 1880;
Megnin, Les Parasites et Ics Maladies Parasilaircs, Paris, 1880.

LOUTH, a maritime county in the province of Leinster,

Ireland, is bounded on the N.E. 'by Carlingford Bay and
the county of Down, E. by the Irish Sea, S.W. by Meatli,

and N.W. by Monaghan and Armagh. It is the smallest

county in Ireland, the area comprising 202.124 acres, or

316 square miles.

The greater part of the surface is undulating, with
occasionally lofty hills ; and in the north-east, on the

borders of Carlingford Bay, there is a range of mountains
approaching 2000 feet in height. Many of the hills are

finely wooded, and towards the sea-coast the scenery, in

the more elevated districts, is strikingly picturesque. The
northern mountains are composed of felspathic and
pyroxenic rocks. The lower districts rest chiefly on clay-

slate and limestone. With the exception of the promontory
of Clogher Head, which rises abruptly to a height of 180
feet, the sea-coast is for the rfiost part low and sandv.

The narrow and picturesque bay of Carlingford is navigable

beyond the limits of the county, and the bay of Dundalk
stretches to the town of that name and affords convenient

shelter for a harbour. The principal rivers are the Fane,

the Lagan, the Glyde, and the Dee, which all flow east-

wards. None of these are navigable, but the Bnyne, which

forms the southern boundary of the county, is navigable for

large vessels as far as Drogheda.

Agriculture.—In the lower regions the soil is a very rich

deep mould, admirably adapted both for cereals and green

crops. The higher mountain regions are covered principally

with heath. Agriculture generally is in an advanced con-

dition, and the farms are for the most part well drained.

In 1880 there were 97,954 acres, or nearly one-half of the total

area, under Ullage, while 74,944 were pasture, 4.t85 plantations,

and 24,135 waste. The total number of iioldings in 18SU was-8216,

of which 1294 were less than 1 acre in extent. No less than 5340
were below 15 acres in extent, and of these 2486 were between 5

and 15 acres. •• The following table shows the aieas under the min-
cipal crops in 1855 and 1881 :

—
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Tlie inpHlation, which in 1851 was 10,467, had increased

ill 1871 to 10,500, and in 1881 to 10,C90.

I.outh is a corruption oi Lndd, tlie ancient name of tlie river Luil.

It received a charter of incorporation from Edward VI. In 1536
the town took jiart in the " Pilgiimage of Grace," on which account
the vicar was executed at Tyburn. Alfred and Charles Tennyson
were educated at the grammar school, and tlieir little volume en-

titled Poems by Tim Brothers was published by a Louth bookseller,

whose shop still exists.

LOUVAIN, a town of Belgium in the province of

Brabant, 18 miles east of Brussels, on the Li^ge and
Cologne Railway, and on the river Dyle. The population

in 1880 was 34,700. I,ouvain possesses some fine

specimens of Gothic art,—the town-hall, which displays a
wealth of decorative architecture almost unequalled on the
Continent, and the collegiate church of St Pierre, with
some fine sculptures and panels by Quentin Matsj's. The
general aspect of the town to the casual observer is dull

and cheerless; the newer portions, extending between the
town-hall and station, consist of broad streets of monotonous
regularity, while the old medieval quarter, despite its

historic interest, is somewhat dingy and lifeless. Louvain
has a market for corn and cattle as well as for cloth wares

;

wood carving is also carried on ; but the chief industry of

the locality is brewing, the Louvain beer, a lemon-coloured
frothy beverage, being held in high repute in the country.

In the world of science Louvain holds honourable rank,

having a celebrated university, an academy of painting,

a school of music, extensive bibliographic collections, a
museum of natural history, and a botanical garden. The
university, a stronghold of the Roman Catholic faith, was
first instituted in 1425, and soon grew famous among the

learned of all nations. In the 15th and 16th centuries not
less than sis thousand students flocked thither yearly, and
it became the nursery of many illustrious men. Swept
away for a time by the first French Revolution, it was re-

established in 1835 ; and, though less conspicuous thau in

bygone ages, and more generally confined to the instruction

of the youth of Belgium, it is yet of considerable importance
in the country as the only Catholic university, and one of

the main supports of the Conservative party.

Like Bruges and many other Flemish towns, Louvain was at one
time a great and flourishing city, with a population of 200,000 souls,

and one of the principal markets of the Continent. The turbulent
spirit of the people, their frequent outbreaks against their rulers,

and in particular the massacre of the patricians in 1378, were the
chief causes of its decline. Duke 'Wenceslaus of Brabant, in a spirit

of revenge after the last-mentioned rising, imposed so heavy taxes
upon the people that they emigrated in large numbers. A hundred
thousand weavers left the country, carrying abroad, mainly to Eng-
land, the secrets of their trade ; and from that period th« material
prosperity of Louvain has steadily diminished.

LOUVIERS, capital of an arrondissement in the de-
partment of Eure, France, is pleasantly situated, in a green
valley surrounded by wooded hills, on the Eure (here

divided into many branches), 71 miles west-north-west
from Paris, and some 13 miles from Rouen and Evreux.
The old part of the town, built of wood, stands on the left

bank of the river; the more modern portions, in brick and
hewn stone, on the right. There are several good squares,
and the place is surrounded by boulevards. The Gothic
church of Notre Dame has a fine square tower, recently
restored, qnd a portal which ranks among the richest and
most beautiful works of the kind produced in the 15tli

century
; it contains several interesting works of art. The

chief industry of Louviers is the cloth and flannel manu-
facture. There are also nineteen wool-spinning mills, five

fulling mills, and important thread factories ; and paper-
making, tanning, currying and tawing, dyeing, and bleach-
ing are also carried on. The town has a court of first

instance, a tribunal of commerce, chambers of manufactures
and agriculture, and a council of prudhommes. The
population in 1876 was 10,973.

LouvicTs was originally a villa of the dukes of Norn-.nndy ; its

cloth-making industry fii-st arose in the beginning of the 13tii cen-

tury. It changed hands once and again duringthe Hundred Years'

War, and fiom Charles VI 1. it received extensive privileges, and tlie

title of Louviers le Franc for the bravery of its inhabitants in

driving the English from Pont de I'Arche, Vemeuil, and Harcourt.
It passed through various troubles successively at the period of the
" ligue du bien public" under Louis XL, in the religious wars
(when the parliament of Rouen s.it for a time at Louriers), and in

the wars of the Fronde. Its industries nevertheless developed
steadily ; before the Revolution its production of cloth amounted to

8000 pieces annually, in 1837 the number had risen to 15,000, and
it is still greater now.

LOUVOIS, Francois Michel le Telliee, Marquis de
(1641-1691), the great war minister of Louis XIV., was
born at Paris on January 18, 1641. His father, Michel le

Tellier, sprung from a bourgeois family of Paris, but had
attached himself to the parlement of Paris, and married

the niece of the chancellor Aligre. He won the favour of

De Bullion, the superintendent of finances, and through

him obtained the intendancy of Piedmont, where he made
the acquaintance of Mazarin. He was Mazarin's right hand
through the troublous times of the Fronde, and was the

medium of communication between him and the queen,

when the cardinal was in nominal disgrace at Brijhl. He
had been made secretary of state in 1643, and on the death

of Mazarin was continued in his office. Like Colbert and
unlike Fouquet he recognized the fact that Louis intended

to govern, and by humouring his master's passion for

knowing every detail of personnel and administration he

gained great favour with him. He married his son to a

rich heiress, the Marquise de Courtenvaux, and soon began

to instruct him in the management of state business. The
young man speedily won the king's confidence, and in 1666
was made secretary of state for war in his father's room.

His talents were perceived by the great Turenne in the

short war of the Devolution (1667-C8), who gave him
instruction not so much in the art of war as in the art of

providing armies. The peace of Aix-la-Chapclle signed,

Louvois devoted himself to the great work of organizing

the French army. The years between 1668 and 1672,

says Camille Rousset, " were years of preparation, when
Lionne was labouring with all his might to find allies,

Colbert to find money, and Louvois soldiers for Louis."

Louvois's work was not the least important of the three.

Till then armies were either bodies of free lances collected

round a particular general and looking to him for pay, or

a sort of armed militia, who looked on soldiering as an

interlude, not a profession. Louvois understood the new
condition of things, and organized a national standing

army. In his organization, which lasted almost without a

change till the period of the French Revolution, the leading

points must be noted. First among them was the almost

forcible enrolment of the nobility and gentry of France,

which St Simon so bitterly complains of, and in which

LouvqIs carried out part of Louis's measures for curbing

the spirit of independence by service in the army or at court.

Then must be mentioned his elaborate hierarchy of officers,

the grades of which with their respective duties he estab-

lished for the first time, and his new system of drill, per-

fected by Martinet. Besides the army itself, he organized

for its support a system of payment and commissariat, and
a hospital system, which made it more like a machine, less

dependent on the weather, and far superior to the old

German system. Further, with the help of \^ftuban he
formed a corps of engineers, and lastly, to provide the

deserving with suitable reward, and encourage the daring,

he reorganized the military orders of merit, and founded the

H6tel des Invalides at Paris. The success of his measures

is to be seen in the victories of the great war of 1672-

1678, in which his old instructor Turenne was killed.

After the jieace of Nimeguen in 1678, Lojvois was high
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in favour, his father Michel le Tellier had been made
chancellor, and his only opponent Colbert was in growing

disfavour. The ten years of peace between 1G78 and 16S8
were distinguished in French history by the rise of Madame
de Maintenon, the cajiture of Strasburg, and the revocation

of the edict of Nantes, in all of which Louvois bore a pro-

minent part. The surprise of Strasburg in ItJSl in time

of peace, in pursuance of an order of the chamber of

reunion, was not only planned but executed by Louvois

and Monclar, and after the revocation of the Edict of

Nantes he claims the credit of inventing the dragonnades.

Colbert died in 1683, and had been replaced by Le Pelletier,

an adherent of Louvois, in the controller-generalship of

finances, and by Louvois himself in his ministry for public

buildings, which he took that he might be the minister able

to gratify the king's two favourite pastimes, war and build-

ings. Louvois was able to superintend tlie successes of the

first years of the war of 1688, but died suddenly of

apoplexy after leaving the king's cabinet on July IG, 1691.

His sudden death caused a suspicion of poison, and struck

everybody with surprise. "He is dead," writes Madame
de Sevign^, " that great minister, that important man, who
held so grand a position, and whose il/oi spread so far, who
was the centre of so much." " Tell the king of England,"
said Louis the next day, " that I have lost a good minister,

but that his affairs and mine will go none the worse for

that." He was very wrong ; with Louvois the organizer of

victory was gone. Great war ministers are far rarer than
great generals. French history can only point to Caruot
as his equal, English history only to the elder Pitt. The
comparison with Caiuiot is an instructive one : both had to

organize armies out cf old material on a new system, both

had to reform the principle of appointing officers, both
were admirable contrivers of campaigns, and both devoted
themselves to the material well-being of the soldiers. But
in private life the comparison will not hold ; Carnot was a

good husband, an upright man, and a broad minded thinker

and politician, while Louvois married for money and lived

openly with various mistresses, most notoriously with the

beautiful Madame de Courcelles, used all means to over-

throw his rivals, and boasted of having revived persecution

in his horrible system of the dragonnades.
The principal authority for Louvois's life and times is Camille

iiousset s Histoire de Louvois, 4 vols., 1862-63, a gri at woric foumled
on the 900 volumes of his despatches at the Depot de la Guerre.
Saint Simon from his class prejudices is hardly to be trusted, but
Madame de Sevigne throws many bright side-lights on his times.

Testament Poliiique de Louvois (1695) is spurious.

LOVAT, Simon Fkaser, Baeon, a famous Jacobite

intriguer, executed for the part which he took in the

rebellion of 1745, was born about the year 1676, and was
the second son of Thomas, afterwards twelfth Lord Lovat.

He was educated at King's College, Aberdeen, and there

seems reason to believe that he was there no negligent

student, as his correspondence afterwards gives abundant
proof, not only of a thorough command of good English
and idiomatic French, but of such an acquaintance with
the Latin classics as to leave him never at a loss for an apt

quotation from Virgil or Horace. Whether Lovat ever felt

any real principle of loyalty to the Stuarts or was actuated

throughout merely by what he supposed to be self-interest

it is difficult to determine, but that he was a born traitor

and deceiver there can be no doubt. One of his first acts on
leaving college was to recruit three hundred men from his

clan to form part of a regiment in the service of William

and Mary, in which he himself was to hold a command,

—

his object being, as he unhesitatingly avows, to have a

body of well-trained soldiers under his influence, whom at a

moment's notice he might carry over to the interest of King
James. • Among other wild outrages in which ho was engaged

about this time was a rape and forced marriace committed on

the widow of a previous Lord Lovat with the view appar-
ently of securing his own succession to the estates ; and it is

a curious instance of his plausibility and power of influenc-

ing others that, after being subjected by him to the most
horrible lU-usage, the woman is said to have ultimately
become seriously attached to him. A prosecution for his

violence, however, having been inctituted against him by
Lady Lovat's family, Simon found it prudent to retire first

to his native strongholds in the Highlands, and afterwards
to France, where he at length fcund his way in July 1702
to the court of St Germains. One of his first steps towards
gaining influence there seems to have been to announce
his conversion to the Catholic faith. He then proceeded
to put the great project of restoring the exiled family into

a practical shape. Hitherto nothing seems, to have been
known among the Jacobite exiles of the efficiency of the
Highlanders as a military force. But Lovat, who was of

course well acquainted with their capabilities, saw that, as

they were the only part of the British population accus-

tomed to the independent use of arms, they could be at once
put in action against the reigning power. His plan there-

fore was to land five thousand French troops at Dundee, where
they might reach the north-eastern passes of the Highlands
in a day's march, and be in a position to divert the British

troops till the Highlands should have time to rise. Immedi-
ately afterwards five hundred men were to land on the west

coast, seize Fort William or Inverlochy, and thus prevent

the access of any military force from the south to the central

Highlands. The whole scheme afi"ords strong indication of

Lovat's sagacity as a military strategist, and it is observable

that his plan is that which was continuously kept in view in

all the future attempts of the Jacobites, and finally acted on

in the last outbreak of 1 745. The advisers of the Pretendel

seem to have been either slow to trust their astute coad-

jutor or slow to comprehend his project. At last, however,

he was despatched on a secret mission to the Highlands to

sound those of the chiefs who were likely to rise, and to

ascertain what forces they could bring into the field. He
very soon found, however, that there was little disposition

to join the rebellion, and he then made up his mind to

secure his own safety by revealing all that he knew to the

Government of Queen Anne. Having by this means ob-

tained a pardon for all his previous crimes, he was sent

back to France to act as a spy on the Jacobites. On
returning to Paris suspicions soon got afloat as to his pro-

ceedings, and in the end he was committed close prisoner in

the castle of Angouleme, where he remained for nearly ten

years, or till November 1714, when he made his escape to

England. For some twenty-five years after this he was

chiefly occupied in lawsuits for the recovery of his estates

and the re-establishment of his fortune, in both of which

objects he was successful. The intervals of his leisure were

filled up by Jacobite and Anti-Jacobite intrigues, in which

he seems to have alternately, as suited his interests, acted

the traitor to both parties. But he so far obtirined the

confidence of the Government as to have secured the

appointments of sheriff of Inverness and of colonel of an

independent company. His disloyal practices, however,

soon led to his being suspected ; and he was deprived of

both his appointments. When the rebellion of 1745 broke

out, Lovat acted with his characteristic duplicity. He re-

presented to the Jacobites—what was probably in the main

true— that though eager for their success his weak health

and advanced years prevented him from joining the standard

of the prince in peison, while to the Lord President Forbes

ho professed his cordial attachment to the existing state

of things, but lamented that his headstrong son, in spite

of all his remonstnnces, had insisted on joining the Pre-

teuder, and succeeded in taking with him a strong f.'rco

from the clan of the Frasers. The truth was that the poor
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lad was most unwilling to go out, Viut was compelled by his

father to do so. Lovat's false professions of fidelity did

not of course long deceive the Government, and after the

battle of Culloden he was obliged to retreat to some of the

wildest recesses of the Highlands, after seeing from a distant

height his proud castle of Dounie delivered to the Llames

by the royal army. Even then, however, broken down by

disease and old age, carried about on a litter and unable to

move without assistance, his mental resources did not fail

him ; and in a conference with several of the Jacobite

leaders he proposed that they should raise a body of three

thousand men, which would be enough to make their moun-

tains impregnable, and at length force the Government to

give them advantageous terms. The project, though by no

means a chimerical one, was not .carried out, and Lovat,

after enduring incredible hardships in his wanderings, was

at last arrested on an island in Loch Morar close upon the

west coast. ' He was conveyed in a litter to London, and

after a trial of five days sentence of death in " the ordinary

brutal form peculiar to England " was pronounced upon him

on the 19th of March 1747. His execution took place on

the 9th of April following. His conduct to the last was

dignified and even cheerful,—his humour, his power of

sarcasm, and his calm defiance of fate never deserting him.

Just before submitting his head to the block he repeated

the line from Horace

—

" D'.ilce et decorum est pro patria mori."

LOVE-BIRD, a name somewhat indefinitely bestowed,

chiefly by dealers in live animals and their customers, on

some of the smaller short-tailed Parrots, from the remark-

able affection which examples of opposite sexes exhibit

towards each other, an affection popularly believed to be

80 great that of a pair that have been kept together in

captivity neither can long survive the loss of its partner.

By many systematic ornithologists the little birds thus

named, brought almost entirely from Africa and South

America, have been retained in a single genus, Psittanda,

though those belonging to the former country were by

others separated as Ar/apoitiis. This separation, however,

was by no means generally approved, and indeed it was

not easily justified, uutQ Garrod {Proc. Zool. Society,

1874, p. 593) assigned good anatomical ground, afforded

by the structure of. the carotid artery, for regarding the

two groups as distinct, and thus removed what had seemed

to be the almost unintelligible puzzle presented by the

geographical distribution of the species of Psittacula in a

large sense, though Professor Huxley {np. cit., 1868, p. 319)

had indeed . already suggested one way of meeting the

difficulty. As the genus is now restricted, only one of the

Bix species of Psidaaila enumerated in the Nomendator

Avium of Messrs Sclater and Salvin is known to be found

outside of the Neotropical Region, the exceptional instance

being the Mexican P, cyaiiojjygia, and not one of the

seven recognized by the same authors as forming the very

nearly allied genus Urochroma. On the other hand, of

Agapornis, from which the so-called genus Poliopsilta can

scarcely be separated, five if not six species are known,

all. belonging to the Ethiopian Region, and all but one,

A. eana (which is indigenous to Madagascar, and thence

has been widely disseminated), are natives of Africa, In

this group probably comes also Psittinus, with a single

species from the Malayan Subregion. These Old-World

forms are the " Love-birds " proper ; the others scarcely

deserve that designation, and still less do certain even

emaUer Parrots, the very smallest indeed, of the Order

^Psittaci, included in the genera Cyclopsitta and Nasitema,

which are peculiar to the Australian Region, though on

account of their diminutive size they may here be just

mentioned by name, but their real affinity remains to be

determined. (*- N.)

LOVELACE, RicHAUt) (161S-165S), Englisii poet, was
born in 1618. On the father's side he was a scion of a

Kentish family, and inherited a tradition of military

distinction, maintained by successive generations from the

tim.e of Edward III. His mother's family was legal; her

grandfathe. had been chief" baron of the exchequer.

Lovelace's fame has been kept alive by a few songs and
the romance of his career, and his poems are commonly
spoken of as careless improvisations, and merely the

amusements of an active soldier. But the unhappy course

of his life gave him more leisure for verse-making than

opportunity of soldiering Before the outbreak of the

civil war in 1642 his only active se'rvice was in the

bloodless expedition which ended in the Pacification of

Berwick in 1640. By that time he was one of the most

distinguished of the company of courtly poets gathered

round Queen Henrietta, and influenced as a school by
contemporary French writers of vers de societe. Lovelace

had probably a more serious and sustained poetical ambi-

tion than any of them. He wrote a comedy, JV(e Scholar,

when he was sixteen, and a tragedy, The Soldier, when lie

was one and twenty. From what he says of Fletcher, it

would seem that this dramatist was his model, but only

the spirited prologue and epilogue to his comedy have been

preserved. When the rupture between king and parlia-

ment took place, Lovelace was committed to the Gatehouse

at Westminster for presenting to the Commons a petition

from Kentish royalists in the king's favour. It was then

that he wrote his most famous s< ng, "To Alth;ea from

Prison." He was liberated on bail of £40,000,—a sign

of his importance in the eyes of the parliament,— and

throughout the. civil war was a pri.wner on parole, with

this security in the hands of his enemies. His only active

service was after 1646, when he raised'a regiment for the

French king, and took part in the siege of Dunkirk.

Returning to England in 1648, he was again thrown into

prison. During this second imprisonment, he collected

'

and revised for the press a volume of occasional poems,

many if not most of which had previously appeared in

various publications. The volume was published in 1649

under the title of Zucasta, his poetical name—contracted

I

from Lux Casta— for Lucy Sacheverell, a lady who married

] another during his absence in France, on a report that he
' had died of his wounds at Dunkirk. The last ten years

I

of Lovelace's life were passed in obscurity. His fortune

had been exhausted in the king's interest, and he is said

; to have been supported by the generosity of more fortunate

friends. He died, according to Aubrey, "in a cellar in

Longacre." A volume of Lovelace's Posthmne Poems was

I
published in 1659 by one of his brothers. They are of

I

very inferior merit to his own collection.

I The world has done no injustice to Lovelace in neglecting all but

a few of his modest ollerings to literature. But critics often do him

injustice in dismissing him as a gay cavalier, who dashed off his

verses hastily, and cared little what became of them. - It is a

mistake to class him with Suckling ; he has neither Suckling's

easy grace nor his reckless spontaneity. We have only to compare

the version of any of his poems in Lucasla with the forni in which

it originally appeared to see how fastidious was his revision. In

many places it takes time to decipher his meaning. The expression

is often elliptical, the svntax inverted and tortuous, the train of

thought intricate and discontinuous. These faults—they are not

of course to be found in his two or three popular lyrics, " Going to

the Wars," "To Altliffia from- Prison," "The Scratiny "—are,

however, as in the case of his poetical master, Donne, the faults

not of haste but of over-elaboration. His thoughts are not th.i

first thoughts of an improvisatore, but thoughts ten or twenty

statues removed from 'tlie first, and they are generally as closely

packed as they are far-fetched. Lovelace is not named by Johnson

among the "metaphysical poets," but in elaboration of workman-

ship as well as in intellectual force he comes nearer than any other

disciple to the founder of the school. His most far-fetched con-

ceits are worth the carriage, and there is genuine warmth in them.

The wine of his poetry ia a dry wine, but it is wine, and not an
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artificial imitation. His career as a dramatist was checked by tlio

suiipression of the stage ; if he had been bora thirty years earlier or

thirty years later, Fletcher or Congreve would have had in him a

powerful rival.' The most recent edition of his poems is that by

W. C. Hazlitt, iu 1864.

LOVER, Samuel (1797-1868i3, novelist, artist, song-

writer, and musician, was born in Dublin in 1797. His

father was a member of the stock exchange. Lover began

lifo as an artist, and was elected an academician of the

Royal Hibernian Society of Arts^-a body of which he

afterwards became secretary. He acquired repute as a

miniature painter ; and a number Oi the local aristocracy

sat to hira for their portraits. His love for music showed

itself at a very early age. At a dinner given to the poet

Moore in 1818 Lover sang one of his own songs, which

elicited special praise from Moore. One of his best known
portraits was that of Paganini, which was exhibited'-at the

Royal Academy. He attracted attention as an author by

his Legends and Stories of Ireland (1832), and wus one of

the first writers for the Duhlin University Magazine. He
went to London about 1835, where, among others, he

painted Lord Brougham in his robes as lord chancellor.

His varied gifts rendered him very popular in society

;

and he appeared often at Lady Blessington's evening

receptions^ There he sang several of his songs, which

were so well received that he published thorn {Songs

and Ballads, 1839)/ Some of them illustrated Irish

superstitions, among these being " Rory O'More," " The
Angel's Whisper," ''The May Dew," and "The Four-

leaved Shamrock." In J 837 appeared Rory O'More, a.

National Ronumce, which at once made him a great

reputation as a novelist; he afterwards dramatized it for

the Adelphi Theatre, London. In 1842 was published liis

best known work. Handy Andy, an Irish Tale. Mean-
while his multifarious pursuits had seriously affected his

lealth ; and iu 1844: he gave up writing for some time,

substituting instead public entertainments, called by him
" Irish Evenings," illustrative of his own works and his

powers as a musician and composer. These were very

successful both in Great Britain and in America. In

addition to publishing numerous songs of his own, Lover

edited a collection entitled The Lyrics of Ireland, which

appeared in 1858. He died on July 6, 1868. Lover
was remarkable ,for his versatility ; but his fame rests

mainly on his songs and novels ; the latter are full of

sunny Irish humour, and team with felicitous pictures of

national life. Besides those already mentioned he wrote

Treasure Trove (1844), and Metrical Tales and Other

Poems (1860).

LOWELL, the twenty-seventh city in population of the

United States, in Middlesex county, Massachusetts, at the

junction of the Concord and Merrimack rivers, 26 miles

north-west from Boston. It is often called the " Spindle

City," and the " Manchester of America," because of the

extent of its cotton manufacture. The principal source of

its water-power is Pawtucket Falls in the Merrimack, and
steam is employed as an auxiliary to the amount of 19,793
iorse-power. The first cotton-mill was started in 1823,

when the place was the village of East Chelmsford. In

1826 it was made a town, and named Lowell in memory
of Francis Cabot Lowell, from whose plans it had been

developed, but who died irt 1817. It was incorporated as

a city in 1836. It originally comprised 2885 acres, but

by annexation from neighbouring towns its area has been

increased to 7615 acres, or 11 '8 square miles. The popu-

lation, which in 1836 was 17,633, was 40,928 in 1870, and

59,485 in 1880 (males, 26,855 ; females, 32,630), and in

1882 was estimated at 64,000.

The following table shows the extent of the principal

<nanufacturing companies in 1882 :

—

Company.

Merrimack
Hamilton
Appleton
Lowell
Middlesex
Tremont and Suffolk.

Lawrence
Booth
Massachusetts

Estab-
lished.

1823
1825
1828
1828
1930
1832
1833
1836
1840

Looms.

4,267
1,597
1,228
392
250

2,700
2,360
3,600

3,658

Spiodles.

153,552
59,816
45,000
24,750
18,640
94,000

100,000
127,000
119,523

Opera-
tives.

3,300

1,387
820

1,700
836

1,500

2,130

1,875

1,717

Yards per
Werk.

947,000
364,000
285,000
48,000
25,000
550,000
425,000
650,000

907,000

The capital invested is $17,300,000; number of mills,

153; spindles, 806,000; looms, 20,521; females employed,

12,809; males, 9750; yards per year, cotton 209,055,000,

woollen 8,335,000, carpetlngs 2,700,000; shawls, 350,000

hosiery per year, 13,695,520 pairs; cotton consumed

annually, 34,087 tons; clean wool, 11,750,000 lb; yards

cotton dyed and printed, 97,240,000 ; coal consumed,

80,000 tons. There are many secondary industries con-

nected with the cotton manufacture", including the making

of machinery, elastic and leather goods, tools,. boilers, <tc.,

and also a number of small factories for the production

of cartridges, chemicals, wire cloth, paper, doors, sashes,

blinds, and carriages. The Lowell machine-shop employs

1400 men in the manufacture of machinery, and consumes

9800 tons of iron and steel annually. Lowell has 90

public day schools, 6 evening and 4 technical schools, a

reform school, and 2 parochial schools. The principal

public buildings are the city-hall, court-house, Middleses

county jail, Green school-house, and St John's Hospital.

There are 7 national Banks with a total capital o)

$2,500,000, and 6 savings bants with deposits oi

$11,000,000. The religious congregations number 35, all

but three of which own their places of worship. The two

largest Roman Catholic churches, St Patrick's and the

Church of the Immaculate Conception, are among the

finest in the State. Seven railroads connect Lowell with

the railroad system of the country. The benevolent

institutions include a home for young women and children,

and one for aged women, 2 orphanages, and 3 hospitals.

There are 2' reading-rooms, 5 daily newspapers (one

5>ench), 6 weeklies, and 4 public libraries. Lowell was

early famed for the high character of its operatives, who
for some years published a periodical of considerable

literary merit called The Lowell Offering, which was, it

is believed, the only publication of the kind ever sustained

by workpeople. Many of the young women rose to

positions of prominence in American society, and at least

one, Miss Lucy Larcom, is known to readers on both sides

of the Atlantic by her contributions to leading magazines.

In 1843 Charles Dickens visited the place, and devoted

a chapter of his American Notes to its praise. The

manufacturers have from the first provided for the moral

and social as well as the physical wellbeing of their

operatives, so that labour troubles have been exceedingly

rare in Lowell. The corporation boarding-houses are

model dwellings for the workpeople. The first blood

shed in the American civil war was that of two Lowell

young men, Luther C. Ladd and A. O. Whitney, who were

killed by a mob while their regiment was passing through

the streets of Baltimore, on the way to the defence of

Washington, April 19, 1861. In'their honour a granite

monument has been erected in Merrimack Street, and in

the same enclosure is a bronze statue of Victory by the

German sculptor Ranch to commemorate the triumph of

the Northern cause.

The assessed valuation in May 1881 was $42,785,434

an increase of $3,108,035 since 1879); the net debt

December 31, 1881, w.is $1,992,868, of which $1,565,539

was on account of tlie introduction of water in 1873j
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Lowell is divided into six wards, and is governed by a

mayor, a board of eight aldermen, and a common council

of twenty-four members.
LOAVESTOFT, a watering-place, seaport, and market-

town of Suffolk, England, is picturesquely situated on a

lofty declivity, which includes the most easterly point of

land in England, 23 miles south-west of Norwich by rail.

Previous to the opening of a railway, it was only a small

fishing village, but since then it has risen to some
importance as a seaport, while its picturesque situation,

and its facilities for sea-bathing, have rendered it a

favourite watering-place. The church of St Margaret, in

the Later English style, with tower and spire, possesses a

very ancient font. There are a town-hall, a county-hall,

two foundation schools, a large general hospital, and a

number of charities. Along the shore there is a fine

esplanade, and a new park was opened in 1874. Two
piers 1300 feet in length enclose a harbour of 20 acres,

which is much used as a harbour of refuge. For the last

five years the average value of the foreign and colonial

imports has been over £100,000, and the exports have

been valued at about £5000. The fisheries of Lowestoft

are of some importance, and there are shipbuilding yards,

oil and flour mills, and rope-works. The population of the

urban sanitary district in 1871 was 15,246, and in 1881

it had increased to 19,597.

LOWIC/, a town of Russian Poland, or» the Brara river,

in the government of Warsaw, 54 miles by rail west from

the capital, on the line between Skiernewiceahd Bromberg.

It has lately become a centre of manufacture and trade,

and the population (6650 in 1872) is rapidly increasing.

Its fairs are important as regards the trade in horses and

cattle. In the immediate neighbourhood are situated

the hamlet Liczcowice, which has a beetroot sugar factory,

and the rich estates Nieboron and Villa Arcadia of the

Radziwill family.

LOWTH, Robert (1710-1787), bishop of London, was
born at Buriton, Hampshire, or, according to other authori-

ties, in the Close of Winchester, on November 27, 1710.

He was the younger son of Dr William Lowth (1661-1732),

rector of Buriton, a man of considerable learning, author

oi A Vindication of the Divine Authority arid Inspiration

of the Old and New Testainents (1692), Directions for the

Profitable Reading of the Holy Scriptures (1708-26), and

A Commentary on the Prophets (4 vols., 1714). Robert

was educated on the foundation of Winchester College, and
in 1730 was elected to a scholarship at New College,

Oxford, where he took his degree of M.A. in 1737. In

1741 he was appointed professor of poetry, and it was in

this capacity that he delivered the Prxlectiones Academicx
de Sacra Poesi Helrxorum, afterwards published in 1753.

Bishop Hoadly appointed him in 1744 to the rectory of

Ovington, Hampshire, in 1750 to the archdeaconry of

Winchester, and in 1753 to the rectory of East Woodhay,
also in Hampshire. In 1754 he received the degree of

doctor of divinity from his university, and in the follow-

ing year he went to Ireland along with the duke of

DevttnshiTe, then lord-lieutenant, as first chaplain. Soon
afterwards he declined a presentation to the see of Limerick,

but accepted a prebendal stall at Durham and the rectory

of Sedgfield. In 1758 he published his Life of William

of Wykeham, which was followed in 1762 by A Short

Introduction to English Grammar. In 1765, the year of

his election into the Royal Societies of London and
Gottingen, he engaged in a hot war of pamphlets with

Warburton on a now obsolete question about the relations

between the book of Job and the Mosaic economy ; and

(Gibbon being judge), " whatsoever might be the merits

of an insignificant controversy, his victoi-y was clearly

established by the silent confession of Warburton and his

slaves." In June 1766 Lowth was promoted to the see of

St David's, whence about four months afterwards he was
translated to that of Oxford, where he remained till 1777,

when he became bishop of London. This last appoint-

ment he continued to hold until his death, having declined

the archbishopric of Canterbury in 1783. In 1778 ap-

peared his last work, Isaiah, a new Translation, with a

Preliminary Dissertation, and Notes, Critical, Philologi-

cal, and Explanatory. He died at Fulham on November
1787.

The Prxlcctiorua eNorciseJ a gi-eat influence hoth in England and

on the Continent. Their chief importance lay in the idea of look,

ing at the sacred poetry as poetry, and examining it by the stand-

ards applied to profane literature. Lowth's esthetic criticism was
that of the age, and is now in great part obsolete, a more natural

method having been soon after introduced by Herder. The prin-

cipal point in which Lowth's influence has been lasting is his

doctrine of poetic parallelism, and even here his somewhat mechani-

cal classilication ot the forms of Hebrew sense-rhythm, as it should

rather be called, is open to serious objections. The Praleclimw)

reached a second edition in 1763, and were republished with notes

by J. D. Michaelisin 1770; both text and notes were translated by G.

Gregory (1787 ; 4th ed., 1839). The Oxford edition of the original

(1821) contains additions by Rosenmliller, Eichter, and Weiss.

The editions of Lowth's /sniViA have been numerous (13th ed., 1842),

but the book is now much less read than the Praelecliones. A vol-

ume of Sermons and other Jicmains, with memoir by Hall, was

published in 1834, and there is acomparatively recent edition of the

Popular Jforks of Robert Lowth, 3 vols., 1843.

LOYALTY ISLANDS, a group in the South Pacific,

about 60 miles east of New Caledonia, consisting of Uvea
or Uea (the northmost), Lifu, Toka and several small

islands, and Mare or Nengone. They are coral islands of

comparatively recent elevation, and in no place rise more

than 250 feet above the level of the sea. Lifu, the largest,

is about 50 miles in length by 25 in breadth. Enough of

its rocky surface is covered with a thin coating of soil to

enable the natives to grow yams, taro, bananas, &c., for

their support ; cotton thrives well, and has even been ex-

ported in small quantities, but there is no space available

for its cultivation on any considerable scale. Fresh water,

rising and falling with the tide, is found in certain large

caverns, and, in fact, by sinking to the sea-level a supply

may be obtained in any part of the island. The popula

tion, about 7000, is on the decrease. The island called

Neugone by the natives end Mare by the inhabitants of

the Isle of Pines is about 80 miles in circumference, and

contains about 6000 souls. Uvea, the most recent part of

the group, consists of a circle of about twenty islets enclos-

ing a lagoon 20 miles in width ; the largest is about 30

miles in length, and in some places 3 miles wide, and the

next largest is about 12 miles in leAgtk The inhabitants,

numbering about 2500. export considerable quantities of

cocoa-nut oil.

The Loyalty islanders are classed, as Melanesian ; the several

islands have each its separate language, and in Uvea the one tribe

uses a Samoan and the other a New Hebridean form of speech.

Captain Cook passed to the east of New Caledonia without observ-

ing the Loyalty group ; but it was discovered soon afterwards, and

Dumont D'Urvillo laid down the several islands in his chart. For

many years after their discovery the natives had a bad repute as

dangerous cannibals. Christianity was introduced into Mare by

native teachers from Rarotonga and Samoa ; missionaries were

settled by the London Missionary Society at Mare in 1854, at

Lilu in 1859, and at Uvea in 1865 ; Roman Catholic missionaries

also arrived from New Caledonia; and in 1S64 the French, con-

sidering the islands a dependency of that colony, formally insti-

tuted a commandant. An attempt was made by this official to put

a stop to the English missions by violence ; but the report of his

conduct led to so much indignation in Australia and in England

that the emperor Napoleon, on receipt ot a protest from Lord

Shaftesbury and others, caused a commission of inquiry to be ap'

pointed, and free liberty of worship to be secured to the Protestant

missions. A new persecution of the Christians in Uvea, during

1875, called forth a protest on the part of the English Government,

and matters appear to have since improved.

See W. Gill, Gems from the Coral Islands, new edition, 1871;

S. Macfarlane, Utor'j of the Lifu Mission, 1873.
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LOYOLA, Ignatiu3 de, St. Inigo, the youngest son
o. Beltran de Loyola, was born in 1491 at the castle of

Loyola, tlio family seat, situated on the river Urola, about

a mile from the town of Azpeitia, in the province of

Guipuzcoa, Spain. He died at Rome on July 31, 1556,
was beatified by Paul V. in 1G09, and canonized along
with Francis Xavier by Gregory XV. on March 13, l5"23,

the bull being published by Urban VIII. on August C.

His festival (duplex) is observed on July 31. See Jesuits.

LOZERE, a department of south-eastern France, but
belonging to the great central plateau, is composed of

almost the whole of G6vaudan and of some parishes of the

old dioceses of Alais and Uz^s, districts all formerly

included in the province of Languedoc. It lies between
44° 6' and 44° 58' N. lat, and between 2° 58' and 4° E.

long., and is bounded on the N. \V. by Cantal, on the N.E.
by Haute-Loire, on the E. by Ardeche, on the S.E. by
Gard, and on the S.W. by Aveyron, having an extreme
length of 65 miles, an extreme breadth of 50, and an area

of 19D6 square miles. Loz&re is mountainous througliout,

and its average elevation makes it the highest of all the

French departments. It has three distinct regions—the

Cevennes to the south-east, the " causses " to the south-

west, and the mountain tracts which occupy the rest. The
Cevennes, forming the watershed between the Garonne
and Loire basins to the west and that of the Rhone to the

east, begin (within Lozfere) with Mount Aigoual, which

rises to a height of more than 5100 feet; parallel to this

are the mountains of Bougfes, a range between the rivers

Tarn and Tarnon, bold and bare on its southern face, but
falling gently away with wooded slopes toward the north.

To the north of the Tarn is the range of Loztre, including

the peak of Finiels, the highest point of the department

(5584 feet). Further on occurs the broad marshy plateau

of Montbel, from which the water drains southward to the

Lot, northwards to the Allier, eastward by the Chassezac to

the Ardfeche. Prom this plateau extend the mountains of

La Margeride, a long series of undulating granitic table-

lands partly clothed with woods of oak, beech, and fir,

and partly covered with pastures, to which the flocks

are brought up from lower Languedoc in summer. The
highest point (Mount de Randon) is 5098 feet. Adjoin-

ing the Margeride hills on the west is the volcanic range

of Aubrac, an extensive pastoral district where horned
cattle take the place of sheep ; the highest ppint is

4826 feet. The "causses "of Lozere, having an area of

about 483 square miles, consist of extensive calcareous

tracts, fissured and arid, but separated from each other

by deep and well-watered gorges, whose freshness and
beauty are in pleasant contrast with the desolate aspect

of the plateaus. The " causse " of Sauveterre, between
the Lot and the Tarn, ranges from 3000 to 3300 feet

in height ; that of Mdjean has nearly the same average

altitude, but has peaks some 1000 feet higher. Between
these two "causses" the Tarn flows through a series of

landscapes which are among the most picturesque and
grand in France. The Lot and the Tarn, the two most
important tributaries of the Garonne, both have their

sources in this department, as also have the Allier, the

two Gardens, which unite to form the Gard, the Cfcze, and
the Chassezac with its affluent the Altier. The climate

of Lozfere varies greatly with the locality. The mean
temperature of Mende, the capital, is below that of Paris

;

that of the mountains is always low, but in the " causses"

the summer is scorching and the winter severe ; in the

Cevennes the climate becomes mild enough at their base

(656 feet) to permit the growth of the olive. Rain falls

in viuient storms, causing disastrous Hoods. On the

Mediterranean versant there arc 78-7 inches, in the Garonne
basin 45-5, and in that of the Loire only 2795. The

general character of the department is pastoral ; only one-
fourth of the area is occupied by arable land ; 91,500 acres
are meadow, 155,700 wood, and 90,000 chestnut plantation.

The number of sheep (which is doubled in summer) is

300,000; there are 50,000 head of cattle; and pigs, goats,

horses, asses, and mules are also reared. Bees are also
kept, and, among the Cevennes, silkworms. The export
of chestnuts from the Cevennes is considerable. Rye is

the chief cereal ; but oats, wheat, meslin, barley, and
many potatoes are also grown. Great care is bestowed ou
cultivation in the valleys adjoining the Ardeche; fruit

trees and leguminous plants are irrigated by small canals
(" b(5als ") on terraces which have been made or are

maintained with much labour. The department yields

argentiferous lead (Villefort), slates, and mineral waters,

among which those of Bagnols are most frequented. The
exportation of its antimony, manganese, marble, and
lithographic stones is undeveloped as yet. The tufa of

Mende is well adapted for building purposes. The manu-
factures are unimportant. The population in 1876 was
138,319, having decreased by 5000 since 1801, and by a
still greater number since the end of the 17th century.

There are about 20,000 Protestants. The arrondissements
are three (Mende, Florae, and Marvejols), the cantons
twenty-four, and the communes one hundred and ninety-

six.

LUBECK, a free city of Germany, situated in 53° 52'

N. lat. and 10° 41' E. long., on a gentle ridge between the

rivers Trave and ^Yakenitz, 10 miles S.W. of the mouth of

the former, and 40 miles by rail N.E. of Hamburg. Old
Liibeck, the chief emporium of the Slav inhabitants of

Wagria (East Holstein), stood on the left bank of the Trave,

where it is joined by the river Schwartau, and was ulti-

Pl.in of Liibeck.

7. Mnspitnl zum Heillgen
Golst.

8. SlCntlmrtno'sChurc'i.
9. St Murj's Church.

10. Exchange.
11. Town-Hall.

12. St Peter's Church.
13. Church of St iEdiillus.

14. Church of St Anne.
15. Ol-phnnaco.
16. Cathedral.

1. Pltcliing Yard.
2. CUndcl.
3. Tlvoli.

4. "Chlmborosso" Tower.

6. Custom House.

6. St James's Church.

mately destro ed in 1138. Five years later Count Adol-

phus II. of Holstein founded new Liibeck, a few miles

farther up, on the peninsula Buku, where the deep current

of the Trave is joined on the right by the Wakenitz, the

broad emissary of the Lake of Ratzeburg. A most excel-

lent harbour, well sheltered against pirates, it .became

almost at once a successful comuetitor for the comnleEce qL
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tlie Baltic. Its founclatiun coincided with the beginning of

the genei-iil advance of tlie Low Gciinun tribes of Flanders,

Fi'ieslund, anil Westphalia along the southern shores of the

great inland sea,— the second great emigration of the

colonizing Saxon element. In 1140 Wagria, in 1142 the

country of the Polabei (Ratzeburg and Lauenburg), had

been annexed by the Holtsajtas (the Transalbingian Saxons).

From 116G onwards there was a Saxon count at Schwerin.

Frisian and Saxon merchants from Soest, Bardewieck, and

other localities in Lower Germany, who already navigated

the Baltic and had their factory in the distant isle of Goth-

land, Buttled ill the new town, where Weudish speech and
customs never entered. About 1107 Henry the Lion,

dnke of Saxony, forced his vassal, the count of Holstcin,

to give up Liibeck ; and in 1163 he removed thither the

tottering episcopal see of Oldenburg (Stargard), founding

at the same time the dioceses of Ratzeburg and Schwerin.

He issued the first charter to the citizens, and deliberately

constituted them a free Saxon community having its own
magistrate, an inestimable advantage over all other towns

of his dominions. He invited the traders of the towns

and realms of the north to visit his new market free of toll

and custom, provided his subjects were promised similar

privileges in return. From the very beginning the king

of Denmark granted them a settlement for their herring

fishery on the coast of Schoonen. Adopting the statutes

of Soest in Westphalia as their code, Saxon merchants
exclusively ruled the city. Iri concurrence with the duke's

reeve they-recognized only one right of judicature within

the town, to which nobles as well as artisans had to submit.

Under these circumstances the population grew rapidly in

wealth and influence by land and sea, so that, when Henry
was attainted by the emperor, who had come iu person to

besiege Liibeck, Barbarossa, "in consideration of its re-

venues and its situation on the frontier of -the empire," fixed

by charter, dated September 19, 1188, the limits, and en-

larged the liberties, of the free town. Evil times, however,

were in store when the Hohenstaufen dynasty became more
and more involved in its Italian projects. In the year

1201 Liibeck was conquered by Waldemar II. of Denmark,
who prided himself on the possession of such a city. But
in 1223 it regained its liberty, after th^ king had been
taken captive by the count of Schwerin. In 1226 it was
incorporated as an independent city of the empire by Fre-

derick II., and took an active part with the enemies of the

Danish king in the victory of Yomhiivd, 1227. The citizens,

distinguished by the firmness and wisdom with which they

pursued their objects, and fully conscious that they were
the pioneers of civilization in the barbarian regions of the

north-east, repelled the persistent encroachments of their

dynastic neighbours alike in Holstein and in Mecklenburg.
On the other hand their town, being the principal emporium
of the Baltic by the middle of the 13th century, acted as

the firm ally of the Teutonic knights iu Livonia. Genera-

tion after generation of crusaders embarked to found new
cities and newosees of Low German speech among alien

and pagan races; and thus in the course of a century the

commerce of Liibeck had fully supplanted that of West-
phalia. In close connexion with the Germans at Wisby,
the capital of Gothland, and at Ptiga, where they had a
house from 1231, the people of Liibeck with their armed
vessels scoured the sea between the Trave and the Neva.
They were encouraged by papal bulls in their brave contest

for th? rights of property in wrecks, and for the protection

of shipping against pirates and slave-hunters. Before the

close of the century the statutes of Liibeck were adopted

by most Baltic towns having a German populatioti, and

Wisby raised her protest in vain that the city on the Trave

had become the acknowledged court of appeal for nearly

ftU these cities, and even for the German settlement in

Kus.sinn -Novgorod. In course of time more than a hun-
dred places were embraced in this relation, the last vestiges

of which did not disappear until the beginning of the

18th century. Hitherto only independent merchants,

individual Westphalian and Saxon citizens, had fiocked

together at so many out-lying posts. From about 1299
Liibeck presided over a league of cities, Wismar, Rostock,

Stralsund. Greifswald, and some smaller ones, commonly
called the Wendish towns. A Hansa of towns became
heir to a Hansa of traders simultaneously on the easte^^

and the western sea, after Liibeck and her confederate^

had been admitted to the same privileges with Cologne,

Dortmund, and Soest at Bruges and in the Steclyardi

of London, Lynn, and Boston. Such progress of civii.

liberty and federal union held its own, chiefly along the

maritime outskirts of the empire, rather against the will

of king and emperor. Nevertheless Rudolf ofvHapsburg
and several of his successors issued new charters to Liibeck,

Charles IV., who, like his son after him, deliberately opposeo

all confederacies of the Franconian and Swabian towns in

Upper Germany, surrendered to the municipal government
of Liibeck the little that remained of imperial jurisdiction

by transferring to them the chief responsibility for preserving

the public peace within the surrounding territories. Under
these circumstances the citizens, like independent members
of tl.e empire, stood valiantly together with their sister

towns against encroaching princes, or joined the princes

against the lawless freebooters of the nobility. As early

as 1241 Liibeck, Hamburg, and Soest had combined to

secure their common highways against robber knights.

Solemn treaties to enforce the public peace were concluded

in 1291 and 1338 with the dukes of Brunswick, Mecklen-

burg, and Pomerania, aniT the counts of Holstein. From
Liibeckfamilies, the descendants of Low German immigrants

with a certain admixture of patrician and even junker blood,

arose a number of wise councillors, keen diplomatists, and
brave warriors to attend almost incessantly tlie many dicta

of the league, to: decide squabbles, petty or grave, of its

members, to interfere with shrewd consistency when the

authorities in Flanders, or king and parliament in England,

touched their ancient commercial privileges, to take the

command of a fleet against the kings of Norway or

Denmark. Though the great federal arniament against

Waldemar IV., the destroyer of Wisby, was decreed by the

city representatives assembled at Cologne in 1367, Liibeck

was the leading spirit in the war which ended with the

surrender of Copenhagen and the glorious peace concluded

at Stralsund on 24th May 1370.. Her burgomaster, Brun
Warendorp, w ho commanded in person the combined naval

and land forces, died bravely in harness. In 1368 the seal

of the city, a double-headed imperial eagle (which in the

14th century took the place of the more ancient ship),

wa.s expressly adopted as the common seal of the con-

federated towns (civitaies mariiimx), some seventy of which

had united to bear the brunt of the strife. By and by,

however, towards the end of the 15th century, the power of

the Hanseatic League began slowly to decline, owing to the

rise of Burgundy in the west, of Poland and Russia in the

east, and til e emancipation of the Scandinavian kingdom
from the fetters of the union of Calmar. • Still Liibeck,

even when nearly isolated, strove manfully to preserve its

predominance in a war with Denmark (1501-12), sup-

porting Gustavus Viisa in Sweden, lording it over the

north of' Europe during the years 1534 and 1535 in the

person of Jiirgen Wullonwever, the democratic burgomaster,

who professed the most advanced principles of the

Reformation, and engaging with Sweden in a severe naval

war (15G3-70). Before the end of the century the old

privileges of the London Steelyard were definitely

suppressed by Elizabeth. As early as 1425 the n-niiUir
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ehoals of herring,, a constant source of early wealth, began
to forsake the Baltic waters. Later on, by the discovery

of a new continent, general cnramerce was diverted into

new directions. Finally, with the Thirty Years' War, mis-

fortunes and ruin came thick. The last Hanseatic diet met
at Liibeck in 1630, shortly after Wallenstein's unsuccessful

attack on Stralsund; and from that time merciless sovereign

powers stopped free intercourse on all sides. Danes and
Swedes battled for the possession of the Sound and its

heavy dues. The often changing masters of Holstein and
Lauenburg abstracted much of the valuable landed property

of the city and of the chapter of Liibeck. Still, towards the

end of the 18th century, there were signs of improvement.

Though the Danes temporarily occupied the town in 1801,

it preserved its freedom and gained some of the chapter

lands when the imperial constitution of Germany was
broken up by the Act of February 25, 1803. Trade and
commerce prospered marvellously for a few years. But in

November 1806, when General Bliicher, retiring from the

catastrophe of Jena, had to capitulate in the vicinity of

Liibeckp the town was taken and sacked by the enemy.

Napoleon annexed it to the empire in December 1810.

But it rose against the French, March 19, 1813, was
reoccupied by them till the 5th December, and was
ultimately declared a free and Hanse town of the German
Confederation by the Act of Vienna, June 9, 1815. The
Hanseatic League, however, having never been officially

dissolved, Liibeck still enjoyed its traditional connexion

with Bremen and Hamburg. In 1853 they sold their

common property, the London Steelyard. Till 186G they

enlisted by special contract their military contingents for

the German Confederation. Down to the year 1879 they

had their own court of appeal at Liibeck. The town,

however, joined the Prussian Customs Union as well as the

North German Union in 1866, profiting by the final retire-

ment from Holstein and Lauenburg of the Danes, whose
interference had prevented as long as possible a direct

railroad between Liibeck and Hamburg.

LUbeck throup;h many changes in the course of eight centuries

has preserved its republican government. At the first rise of

the town, justice W.13 administered to the inhabitants by the rogl

(reeve) of the count. Simultaneously with tlie incorporation by
Henry the Lion, who presented the citizens with the privileges

of mint, toll, and market of their own, there appears a magistracy
of six persons, elected probably by the reeve from the schoffai

{scabini, probi homi7ics). The members of the town council had
to be freemen, born in lawful wedlock, in the enjoyment of free

iroperty, and of unstained repute. Vassals or servants of any
ord and tradespeople were excluded. A third of the number had
annually to retire lor a year, so that two-thirds formed the sitting,

0-6 other third the reposing council. By the middle of the 13th cen-

tury there were two burgomasters (magistri hurgcnsium, mayistri
civiiim, pToconsnUs). Meanwhile the number of magistrates {con-

sulcs) had largely increased, but was iudefinite, ranging from twenty
to forty and upwards. The council appointed its own officers in

the various branches of the administration,—chancellor, chaplain,

surgeon, stadcsscrivcre (recorders), notaries, secretaries, marshal, con-

stable, keeper of the ordnance, messengers, watchmen. In the face

of so much self-government the vogC by and by vanished completely.

He is by no means to bo confounded with the rector, a neighbouring
prince, whom the Liibeckers occasionally adopted as their honor.nry

guardian. There were three classes of inhabitants—full freemen,
half freemen, guests or foreigners. People of Slav origin being
considered unfree, all intermarriage with them tainted the blood.

Hence nearly all surnames point to Saxon, especially Westphalian,
and even Flemish descent.

Since the end of the 13th century the city has been entered by
the same gates and traversed by the same streets as at the present
day. Stately churches of the Gothic order in glazed brick rose

sbwly,—last not least St Mary's or Die Ralliskirchc close to tlie

ItatMiaus (town-hall) and the spacious market-place with its long
rows of booths and the pillory. Within its precincts is the
Dom (cathedral) dedicated to St Nicholas, the patron saint of

navigators; in Protestant times down to 1803 the secularized

chapter was generally presided over by a prince of the ducal

house of Gottorp. There were magnificent convents of the Domi-
nicans, the Franciscans, luid the nuns of St Clara. The population,
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when the city and the Hansa were In full power about HOO, can
scarcely have been under 80,000. But .such prosperity was not
obtained by foreign commerce alone, though this was the principal
occupation of the upper classes :—the Junker or Zirkel company,
a sort of patriciate (since 1379) ; the merchant company, also
patricians, but mostly "rentiers"; the "nations" of the Ber-
genfahrcr, Schoiunfahrcr, Aoiyorodfakrer, Rigafahrer, Stockholm-
fahrer. From the very beginning various tradespeople and handi-
craftsmen had settled in the town, all of them freemen, of German
parentage, and with property and houses of their own. Thougli
not eligible for the council, they shared to a certain extent in
the self-government through the aldermen of each corporation
{amt, oliicium, guild), of which some appear as early as the
statutes of 1240, and.many more arise and disappear in course of
time under authority of the council and the guidance of certain
police magistrates (wctteherrcn). A number still exist, and own
their old picturesque gable houses. The rolls of nearly all have been
kept most carefully. Naturally there arose much jealousy between
the guilds and the aristocratic companies, %vhich exclusively ruled
the republic. After an attempt to up.set the merchants had been
suppressed in 1384, the guilds succeeded under more favourable cir-

cumstances in 1408. The old patrician council left the city to
appeal to the Hansa and to the imperial authorities, while a new
council, elected chiefly from the guilds, with democratic tenden-
cies, took their place. In 1416, however, there was a complete
restoration, owing to the interference of the confederated cities and
of two kings of the Romans, Rupert and Sigiismund. The aristo-

cratic government was expelled a second time when democracy and
religious sectarianism got the upper hand under the dictatorship of

AVullenwever, till the old order of things was once more re-estab-

lished in 1535. Nevertheless the medifcval church had been finally

supplanted by the Lutheran Reformation, and the tendency to

increase the political privileges of the commonalty appeared again

and again. In the constitution of 1669, under the pressure of a

great public debt, the seven upper companies yielded to (8) the

Gewandschncidcr (merchant bailors), (9) the grocers, (10) the brewers,

(11) the mariners, and (12) the comt>ined four great guilds, viz.,

the smiths, bakers, tailors, and shoemakers, a specified share in the

financial administration. Nevertheless they continued to choose
the magistrates by co-o|)tation among themselves. Three of the

four burgomasters and two of the senators, however, henceforth had
to be graduates in law. Their constitution, set aside only during

the French ascendency, has subseciuently been slowly reformed.

From 1813 senatorial and civic deputies joined in the administration

of an annual budget of income, expenditure, and public debt. But
the reform committee of 1814, of which the object w.as to substitute

for the rule of the old companies a wider participation of the

citizens in their common afTairs (most of the learned professions,

many proprietors, and the suburban population being without any
representation), had made very little progress, when under the

p.-essure of the events of the year 1848 a representative assembly

of one hundred and twenty members, elected by universal suffrage,

obtained a place beside the senatorial government. By the consti-

tution of the 29th December 1851 the senate, for which all citizens

above thirty years of age are eligible, has at present fourteen

members. Eight must be taken from the learned professions, of

whom six have to be lawyers, while of the rest five ought to be

merchants. Every second year the offices and departments are re-

distributed, to be in most cases administered conjointly with

deputies of the assembly. The president of the senate, chosen for

two years, retains the old title of burgomaster. The members of

the assembly, which participates in all public affairs, are elected for

six years, and must be summoned at least six times n year, while a

committee of thirty members meets every fortnight simultaneously

with the periodical sessions of the senate. These truly democi-atic

institutions have been scarcely at all modified by the resuscitation

of the German empire under the king of Prussia. But evidently

the ancient republic has lost some important attributes of a

sovereign state by giving up its own military contingent, its right

of levying customs, its coinage, its postal dues, its judicature, to

the new national empire. On the other hand, it has preserved its

municipal .self-government and its own territory, the inhabitants

of which now enjoy equal political privileges with the citizens.

The territory, of about 54 German square miles (116 Eng. sq. m.\

partly extends towards the mouth of the river Trave, where the

borough of Travciiiiindo has been the property of Liibeck since

1329, and partly consists of numerous villages, manors, farms, and

corn, pasture, and forest lands scattered over the adjoining portions

of the duchies of Holstein and Lauenburg. The manor and borough

of Bergedorf on the Elbe, IJ German square miles, long held by

Liibeck in common with Hamburg, was ceded to the latter by

treaty of 1st July 18C7. The lands which remain to Liibeck are

tiiinly peopled, for, according to the census of 1875, of the total

of 50,912 inhabitants 44,799 lived in Liibeck itself. The vast

majority, 55,693, are Lutheran Protcsfniits, whose service con-

tinues in the magnificent city cluirchcs, the cathedral, two parishes

at Traveiiuindo, and the four country parishes. A celebrated high
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school (gyiimaslunO is situated in tho epaclo'is buiiaings of St

Cntliarino, formerly the house of the Franciscans. The charitable

iiistiUitions enjoy a large, well-adniinisturca property, chielly the

lands of tho monastery of St John and the hospital of the Holy

Ghost. Since 1789 there has existed a "Cesellscliaft zur Refor-

dcrung Gemeinniitziger Thatigkeit," with a branch iiuion for the

history and the antitiuitic^f Liibeck, which Ins collected a valu-

able museum and promotes imjiortant historical publications, tho

materials of which are kept in the most uniijue munioipai archives

ia existence. The income and expenditure of the Lubeck budget

of 1831 balance with 2,739,382 marks ; the public debt amounts

to 2-3,804,913 marks.

The manulactures of the town are numerous, but not large or im-

portant (woollen, linen, cotton, and silk goods, leather wares, hard-

ware, tobacco, and preserves). The commerce, on the other hand,

is considerable, the chief exports being corn, cattle, wool, timber,

and iron ; while wines, silks, cottons, hardware, colonial products,

and dye-stuffs are imported. There is regular steamship communi-

cation with Copenhagen and the Baltic ports, and four lines of

railway converge in Lubeck. Since the deepening of the Trave

(1850-54) sea-going ships can come up to Liibeck itself; formerly

they renuired to unload at Traveraiinde. In 1878 the local ship-

ping of Lubeck amounted to 46 vessels of 10,223 aggregate tonnage

(27 steamers, 1504 horse-power, 6463 tons). In 1877 2302 vessels

(981 steamers) with a tonnage of 301,910 entered, and 2332 vessels

(979 steamers) with a tonnage of 307,567 cleared the port.

Soe Ciiiei Diplomalkus Lub.^emi), 6 vols., 1813-81 ; C. W. Pauli, Lubeciische

ZuUiindt rum Artfang dei vierzelinlfn Jahrhimderts. 1847; W'aitz, Lubeck mler

Jdrgen Wultenwntr, 3 vols, 18S5, 1S.5C ; W. Mansel's " Liibick," In Bluntschli

onil Prater, neuKcAes Slaalsicorlerbuch. U. p. 731; Wehrmann, Die dllerm

LiibtcK'ichen ZunflroUen, 187« ; D. ScliSfer, Die Hansestddte und Eoiiig Walde-

mar von Daneniart, 1879. (R- P-)

LUBLIN, a totva of Russian Poland, capital of the

province of same name, 60 miles south-east of Warsaw, on

the Bistrzyca, a tributary of the Wieprz. It is the most

important town of Poland after Warsaw and Lodz. It

has an old citadel, many churches, and several educational

and charitable institutions, and it is the see of a bishop.

Lublin is one of the chief centres of the manufacture of

thread-yarn and of linen and hemp goods (to the value of

more than £250,000), as well aa of woollen stuflFs : thars

is also an active trade in corn and cattle. The three

annual fairs have a certain importance for the neighbouring

district. The populatioa in 1873
' was 28,900, and is

rapidly increasing.

The date of the foundation of Lublin is unknown, but it was in

existence in the 10th century, and has a church which is said to

have been built in 986. Dunng the time of the Jagellons it was

the most important city between the Vistula and the Dnieper, hav-

ing 40,000 inhabitants (70,000 according to other authorities), and

keeping in its hands all the trade with Podolia, Volhynia, and

Red Russia. Indeed, the present town is surrounded with heaps of

ruins, which prove that it formerly covered a much larger area.

But it was frequently destroyed by the inroads of Tartars and
Cossacks. In 1568 and 1569 it was the seat of the stormy con-

vention at which the union between Poland and Lithuania was

decided. In 1702 another convention was held in Lublin, in

favour of Augustus II. and against Charles XII., who carried the

town by assault, giving it over to his army to be plundered, and

stayed for six weeks at Jacobowice, the estate of Prince Lubomirsky,

in the immediate neighbourhood. In 1831 Lublin was taken by

the Russians after a battle. The whole surrounding country is

rich in historical reminiscences of the struggle of Poland for inde-

pendence.

LUBRICANTS are fluids whicn are interposed between

4olid machine sarfaces that are required to slide ou each

other. The object is to lessen the friction, which is

injurious both in wearing away the surfaces, and thus

destroying the fit between them, and in dissipating and

rendering useless part of the energy transmitted through

the machine. The difference between the wear on

unlubricated and that on- lubricated surfaces is so serious

that a comparison betweeft the cost of lubrication and the

money saving in avoidance of repairs is superfluous. But
the difference in wear when two different lubricants are

used is not very great, and the proper choice between the

two lubricants depends on a comparison of their cost with

the amount of working power they save from dissipation.

If the price of oil per gallon, inclusive of wages for its

application to the journals, &c., be p ; if, in order to

lubricito as well as can be done with this oil any one
working surface or set of such surfaces, it is necessary' to

use the fraction g ol a. gallon of oil per hour; if, with the

use of this quantity of the oil, there is still wasted in

friction at these burfaces H horse-power ; and if the cost

in fuel, water, wages, repairs, &c., of the working energy

is P per hour per horse-power ; then the money loss per

hour caused by the friction is pff + FS. By comparing

the values of this quantity for two oils, it can be determined

which it is more advantageous to use. Of the commonly
used oils, the higher priced are much more efficient, as

lubricants. If two oils of which the same amount
requires to be used have the prices p^ and p.j, and
allow Hi and Hj horse-power to be wasted, then the

money advantage to be gained par hour by nsing

the first (tb* higher priced) rather than the second is

P(H2 - H-j
••(j^i ~P-2)g- This is positive if

Hj-H, Pi-f>,

g P

If this inequality is found not to be true in any special

comparison, then the cheaper oil should be used. P varies

from |d. to over Hd., according to the class of engine and

boiler and to the good or bad management of the works,

while Pi - p„, in comparing the extremes of cheap and

expensive commercial lubricants, amounts to 23. 8d. or

more.

To compare the advantages of using a larger or smaller

amount of the same oil, let g^ and g.2 be the quantities

used, and the resulting wastes of horse-power be Hj and

Hj. Then the use of the larger quantity g^ will be

economical if

P(H,-HJ-i)(s',-?,)>0; or
^'

Considering the meaning of this inequality in the two

cases of a high-priced and of a low-priced oil, in the
rr _ TT

former case -^ has a larger value, while — ' has also a

larger value than in the latter case. In both cases this

latter fraction decreases with increase of g-^ ; but it de-

crease's more rapidly in the case of a high-priced than in

that of a low-priced oQ, because the former is a better

lubricator. Thus with the dearer oil the limit beyond

which it is uneconomical to increase the consumption of

oil is reached sooner than with the cheaper, and it follows

that of the cheaper oils it is best to use a large quantity,

while of the dearer a smaller amount is what is most use-

fully employed. If the law according to which H varies

with g be found for any oil, by experiment or otherwise,

then the exact most economical quantity can be found by

differentiating pg -f PH with respect to g, and equating f.h»

differential coeSicient to zero ; thus

rfH _p
dg° P '

JIT

when — ia expressed in terms of g, gives this most econo-
dg

mical value of g. An example of the actual yalues of the

quantities involved in these formulas is given by an

e.iperiment by Van Cleve on a journal 6 inches in diameter

by 7 inches long, in which the coefficient of friction was

found to be about '077, and there was wasted 3-4 horse-

power when '023 of a gallon was used per hour.

Of the animal oils and fats suitable for lubrication those

commonly used are sperm, lard, neats-foot, tallow, and

Common whale oil. Of vegetable oils olive, cotton-seed,

and rape-seed are extensively employed, the first mostly in

those countries where the olive is grown, and generally in

the pure condition, while the last two are more used for

mixing with higher class and more expensive oils. Various

fish oils are also much used, and mineral oils now form a
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hrge proportion of the many lubricating compositions that

are in use. For machinery where considerable pressure is

exerted between the bearing surfaces the mineral oils are

too thin, or, as it is termed, are too wanting in " body " to

be quite suitable without being mixed with an animal or

vegetable oil. Unless a lubricant has cons'iderable " body "

it is quickly pressed out of the bearing, and an unnecessarily

rapid supply has to be provided. The same oil may be

used several times over, and several ingenious designs of

bearings for rotating shafts, such as Player Brothers' or

Taylor & Challen's, whereby the shaft itself as it runs

round continually pumps up again to the top of the bearing

the oil that has once been used, have been very successful

in .practice. If an automatic arrangement of this sort is

not employed, the oil dripping from the bearing should be

collected in a pan and used again to fill the oil-cups. The
oil gets gradually worn out as a lubricant by becoming

filled with dirt, partly the dust of the atmosphere and
partly the minute iron and brass dust that is continually

rubbed off the bearing surfaces. Oils that have been used

two or three times can be to a certain extent repurified by

washing in a solution of carbonate of soda or potash and

chloride of calcium in boiling water. But it must not be

supposed that, with repurification an oil may be used an

indefinite time as a lubricant. A large portion of it is

actually evaporated by the heat caused by the friction at

the journal, and the unevaporated portion seems to undergo

some chemical change injurious to its lubricating properties.

Vegetable oils are peculiarly rich in volatile constituents,

and it is this fact probably, even more than the greater

cheapness of mineral oils, that has led to the largely in-

creased use of the latter in the lubrication of machinery.

The quality of an oil may be tested by chemical analysis
;

by measurement of density and viscosity; by observation

of tbe temperature necessary for ignition in the atmo-

8[ihere, or, as it is called, the "flashing" temperature; by
observation of the succession of figured patterns produced

when a single drop of the oil is let fall upon the surface of

pure water in a clean dish ; by the measurement of the

temperatures to which a journal rises when running at

different speeds and under different pressures, and when
supplied with a given amount of the lubricant per minute

;

and by the measurement of the coefficient of friction at the

same journal with varying speeds of rotation and pressures.

The last two methods of test are the most interesting and
directly useful from a mechanical point of view, i.e.,

considering the oil as a lubricant simply.

The machine designed and used by Professor Thurston of the

Stevens Institute of technology is the hest that has yet been con-

structed to carry out these tests. In it a s)>indle is revolved in

horizontal bearin^js by a belt from the main shaft of the workshop
of the In.stitute. On the overhanging end of this spindle is formed
a journal from which is hung a heavily-weighted rod. The bear-

ings in this rod by which it hangs on the journal are of brass, and
the two halves are pressed do\™ upon the journal with any desired

pressure by means of a spiral spring placed in the centre of the rod.

.The weight of this pendulum prevents it revolving along with the

spindle, but the friction at the journal deflects the pendulum from
the vertical through an angle whose sine is a measure of the fric-

tional effort. There is also inserted in the bearings a thermometer
by whicli tbe effect of the friction in increasing the temperature is

observed. With this machine Professor Thurston has obtained
extremely interesting results regarding the variation of the coelTi-

cient of friction with temperature, pressure, and velocity of rubbing.

These arc summarized as follows. With great intensity of pressure

and low velocity, the friction increases as the temperature is raised;

but for each low velocity the rate of increase of friction witli tem-
perature becomes slower as the pressure diminishes, and becomes
zero at a certain limifof pressure which is higher the higher the

velocity is. With high velocities the v.iriation of friction with

temiierature is in the opposite direction within the limits of pressure

^ommonly used. Again at a given temperature and a given pres-

sure the friction first decreases very rapidlv w-ith increa.'^e of velocitv,

and then above a certain limit of velocity increases again slowly

with further increase of velocity. The limit of velocity at which

the direction of variation changes from negative to positive docs
not appear to depend on the intensity" of iiressurc, but the change
occurs at much lower velocity -limits with low than with high tem-
peratures. Tliirdly, with a given temperature and a given velocity

the coetlicient of friction, i.f. , the ratio of friction to normal pres-

sure, at first decreases rai)idly with increase of pressure at low
pressures, and then at higher pressures increases again with the
pressure. This law seems to hold for all temperatures and all

velocities ; but how the limit of pressure at which the variation

changes in direction is altered by alteration of temperature and
velocity is not as yet certainly determined.

It is thus seen that the variation of friction at lubricated journals
is extremely complicated, and has no resemblance to the simple law
of constant proirartionality between the friction and the normal
pressure which uutil lately was commonly believed to hold good for

unlubricated Hat surfaces. This simple law is really true for many
unlubricated surfaces and through a tolerably wide range of con-

ditions, but is not true for all such surfaces, or under all, and
especially extreme, conditions of pressure, velocity, and temperature.

Professor Thurston has endeavoured to represent these results in

algebraic formulae, but the number of his experiments seems hardly
sufficient to establish any general mathematical law which will be
true under all circumstances, and the particular formulae which he
has adopted give values dilTering very considerably from thbse given
by some of his experiments.
The friction at a lubricated journal depends really much more on

the viscosity of the lubricant than on tne frictional properties of

either of the solids, which never come in contact when the lubri-

cation is carefully attended to. The layer of oil immediately in

contact with either solid probably does not move at all relatively to

the solid. The rubbing, therefore, in all probability takes place

between two surfaces, or rather between an indefinitely large num-
ber of pairs of surfaces, of oil. The viscosity of the oil, which
hinders this relative motion, is, however, very likely affected by the

adhesive force bet\veen the solid and liquid surfaces, because,

especially if the intensity of bearing pressure be great and the film

of lubricant consequently very thiu, some at least of the liquid

motion will take place within the sphere of action of the cohesive;

forces.

It is of the greatest importance in order to secure economy in tha
use of lubricants to maintain the supply to each journal at a con-

stant uniform rate. To effect this, numberless "automatic lubriJ

cators" have been invented. The common syphon oil-cup is very

efficient so long as the rate of working is steady ; but the supply

does not automatically vary with the requirements. The " needle
"

lubricator allows the oil to flow down to the jounial through a small

straight tube in which is placed a wire which nearly blocks up the

tube. When the wire is motionless the dimensions of the space

between the wire and the tube are capillary, and no oil flows. When
the shaft runs, however, its surface scraping on the end of the wire

throws it into continual vibration, and this allows a slow stream of

oil to pass downwards wliich is automatically regulated in accordance

with the speed of revolution. The necessity of very perfect lubrica-

tion of the cylinders of gas engines, which run at a high speed and at

a high temperature, has led to the adoption by Messrs Crossley

Brothers of an extremely neat and perfect arrangement. A smijU

crank on the end of a spindle, driven at a rate proportional to that of

the engine, has suspended from the crank pin a short wire pendulum.

At the lower part of the revolution this pendulum dips into a basiii

<Tf oil and lifts a drop from it. In the upper half of the circular

motion, the wire is dragged over a little scraper extending over the

open mouth of a pipe. This scrapes the drop olT the pendulum, and

the drop falls from the scraper into the tube, along which it flows to

the surface to be lubricated. The number of drops is thus accu-

rately proportioned to the speed of the engine, and the size of drop

can be varied by using smaller or larger wire for the pendulum.

Tabic of Coefficients of Friction on Cast-Iron Joimxah at Temptra

tiire 70° F. and Velocity 750 Feet per Minute (from. Thurston).

Nome of Oil.

Xatuiol Summer Sperm.
Winter „ .

Bleaclied ,, ..

Natural Summer Whale.,
WInler Lard
Extra Ncatsfoot
Tallow
OUvc
Roflncil Cotton Seed
Rape Seed
Menhaden
KcroMHO
Purallln

Pressure In lb per sq. In,

•17

•2S
•19

•JOn
•52

•18

•17

•SI
•18

•25

•23

•26

16.

•16

14
•10

U
•16

•16

•13

•16

•14

•16

•12

•17

•18

32.

10
•09

•12

•11

•14

•12

•09

•17

•12

•12

•10

•13

•IS

•10

•09

•10

•II
•12

•09

•n
•11

•12

•17

-21

Other mineral oils than the kerosine and paraffin give « smnllei

coefficient. For mineral oils generally the lowest coefficient appcarj

to occur at from 80 to •10 lb pressure por square inch. The supplj
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ot oil in the eitp«rimeiits was intermittent, and most have been in'

sufficient for the best lubrication.

Table of Coefidenls of Friction hctxeun Steel Journals and Bronze

Searings lubricated with Sperm Oil, and nm at differtnt Pres-

sures, Velocities, and Temperatures [from Thurston).

Ttafpcn*
ture,

Oegiees
Fair.
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Lucan, together with Statius, was preferred even to

Virgil in the Middle Ages. So late as 1493 his com-
mentator Sulpitius writes ly-" Magnus profecto est Marc,
magnus Lucanus ; adeoque prope par, ut quis sit major
possis ambigere." Shelley and Southey, in the first trans-

port of admiration, thought Lucan superior to Virgil

;

Pope, with more judgment, says that the fire which burns
in Virgil with an equable glow breaks forth in Lucan with
sudden, brief, and interrupted flashes. In general, notwith-

standing the enthusiasm of isolated admirers, Lucan has
been unduly neglected, but he has exercised an important
influence upon one great department of modern literature

by his effect upon Corneille, and through him upon the

classical French drama.
The most celebrated editions of Lucan are those by Oudendorp

'(1728), Burmann (1740), and Weber (1829). Bentley's emendations
lire brilliant, but unsafe. The most elaborate criticism is that in

Nisard's Jitudes sur les Poeles Latins de la Dlcadeiice, stern to the
poet's defects and unkind to his deserts. Dean Merivale has some
excellent observations in his Bistory of Imperial Roiine, chaps, liv.

and Ixiv. Brebeufs French version is celebrated. Christopher
Marlowe, a kindred spirit, translated the first book of the Pharsalia
into English, and there are other old versions by Sir Ferdinand
Gorges and Thomas May. The latter's supplement is one of the best

examples of modem Latin versification. Gorges's translation is in

octosyllabic verse, and very curious. The standard English version,

by Rowe, isohe of the most successful translations in our language.
It is somewhat too diffuse, but as a whole reproduces the vehemence
and animation of the original with a spirit that leaves little to be
desired. (R. G.)

LUCANIA, in ancient geography, was the name given

to a province of Southern Italy, extending from the

Tyrrhenian Sea on the west to the Gulf of Tarentura on

the east, while to the north it adjoined Campania,

Samnium, and Apulia, and to the south was separated by
a comparatively narrow isthmus from the province of

Bruttium, which forms the southern extremity of Italy.

It thus comprised the modern province of the Basilicata,

together with the greater part of the Principato Citeriore

and a small portion of Calabria, The precise limits were

the river Silarus on the north-west, which separated it from

Campania, and the Bradanus, which flows into the Gulf

of Tarentum, on the north-east ; while the two little rivers

Laus and Crathis, flowing from the ridge of the Apennines

to the sea on the west and east, marked the limits of the

province on the side of Bruttium.

Almost the whole of the province thus limited is occupied

by the rugged masses of the Apennines, which in this part

of Italy can hardly be said to constitute a range of

mountains so much as a group of lofty masses, huddled

together in a very irregular manner. The main ridge,

however (if it be taken as determined by the watershed),

approaches much more fiearly to the western sea than to

the Gulf of Tarentum, and is continued from the lofty

knot of mountains immediately on the frontiers of Samnium,
nearly due south, till it approaches within a few miles of

the Gulf of Policastro, and thenceforward is separated from

the sea by only, a narrow interval till it enters the province

of Bruttium. Just within the frontier of Lucania rises the

very lofty group of Monte Pollino, the highest summit of

which attains to an elevation of above 7000 feet, the

greatest that is found in the southern Apennines. Towards
the east the mountains descend by a much more gradual

slope to the Gulf of Tarentum, constituting long ridges of

hills which subside by degrees to the strip of plain that

immediately adjoins the shores of the gulf. This narrow

strip is somewhat wider from the mouth of the Bradanus

to that of the Siris, and again expands to a considerable

extent at the mouth of the Crathis, but between the two a

group of rugged bills descends quite to the sea, and forms

the headland of Eoseto. The consequence of this constitu-

tion is that while the rivers which flow to the Tyrrhenian

Sea are of comparatively little importance, those that

descend towards the Gulf of Tarentum have much longer
courses, and attain to a considerable magnitude. Of these
the most important are—the Bradanus (still called Bradano);
which rises near Potentia, and enters the gulf just to the
north of the ruins of Metapontum; the Casuentns
(Basiento), which has a course almost exactly parallel with
the preceding ; the Aciris or Agri ; and the Siris or Sinno.
The Crathis, which forms at its mouth the southern limit!

of the province, belongs almost wholly to Bruttium, but it

receives a tributary, the Sybaris (Coscile), which flows from
the mountains of Lucania. The only considerable stream
on the western side of Lucania is the Silarus or Sele, which
constitutes its northern boundary, and has two important
tributaries in the Calor or Calore, and the Tanagrus, which
joins it from the south, after flowing through one of

those trp.ugh-like upland valleys so characteristic of the
Apennines.

The province of Lucania was so called from the people
of that name, by whom it was conquered about the middle
of the 5th century B.C. Previous to that period it was
included under the general name of ffinotria, which was
applied by the Greeks to the whole of the southernmost
portion of Italy. The mountainous regions of the interior

were occupied by the tribes known as CEnotrians and
Choiies, while the coasts on both sides were occupied by
Greek colonies, which attained to great power and pro-

sperity, and doubtless exercised a kind of protectorate over

the interior also. (See Ge^cia Magna.) The Lucanians

were a Sabellian race, an ofi'shoot of the Samnites of Central

Italy, who pressed downwards towards the south until they

gradually conquered the whole country (with the exception

of the Greek towns on the coast) from the borders of

Samnium and Campania to the southern extremity of

Italy. Subsequently, however, the inhabitants of the

peninsula which forms the extreme south (now known as

Calabria) broke out into insurrection, and under the name

of Bruttians succeeded in establishing their independence,

after which the Lucanians became confined within the

limits already described. After this time we find them

engaged in hostilities with the Tarentines, and with

Alexander, king of Epirus, who was called in by that people

to their assistance, 326 B.C. It was immediately after this

that they first entered into relations with Rome, with

which they were sometimes in alliance, but more frequently

engaged in hostilities, during the long-continued wars of

the Romans with the Samnites. On the landing of

Pyrrhus in Italy (281 B.C.) they were among the first to

declare in his favour, and in consequence found themselves

exposed to the full brunt of the resentment of Rome when

the departure of Pyrrhus left his allies at the mercy of the

victorious Romans. It was not, however, till after several

campaigns that they were reduced to complete subjection

(272 B.C.). Notwithstanding this lesson, the Lucanians

again espoused the cause of Hannibal during the Second

Punic War (216 B.C.), and their territory became the

theatre of war during several successive can^paigns, and

was ravaged in turn by both contending armies. It is

clear that the country never recovered the effects of these

disasters, and under the Roman government Lucania fell

into a state of complete decay, to which the Social War

(90-88 B.C.) appears to have given the finishing stroke.

In the time of Strabo the Greek cities on tlio coast, once

.so rich and flourishing, had fallen into utter insignificance,

and the few towns of the interior were poor places of no

importance. A large part of the province was given up to

pasture, and the mountains of the interior were covered

with vast forests, which abounded in wild boars, bears, and

wolves.

The towns on the east coast, niljoining the Gulf of Tarentum,

were—Motapontuin, a few miles south of the Bradanus ; Hcraclea,
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«t theW6utli of tlie Aciris ; and Siris, on the river of tlic same name.
C16se't6.its southern frontier stood Sybaris, wliich was dcatroj-cd

in 510 «T5.-,-^nt subsequently re|iUiced by Thurii, founded within

a, few mKcs of tlie same site. On the west coast stood Posidonia,

k'jo^yn, linder tlie Roman govcrunicnt as Paistuni, immediately

idlith^6f the Silarns ; below that came Elea or V'clia, Pyxus,

^Ued by the Romans Buxentuui, and Laus, near the frontier of the

province towards Bruttium. Of the towns of the interior, none of

which ever attained to any importance, the most considerable was
?otcntia, still called Potenza, and now the capital of the Basilicata.

To the north, near the frontier of Apulia, were Acheruntia and
Bantia ; while due south from Poteutia was Grunientum, and still

Farther in that direction, were Neruhiin and Muranum. In

tlie upland valley of the Tanagrus were Atina, Forum Ponilii, and
Dousillnum ; Eburi (Eboli) and Volceii (Bucciuo), though to the

north of the Silarus, were also included in Lucania.

For administrative purposes under the Roman empire, Lucania
Was always united with Bruttium* ThS-two together constituted

the third region of Augustus. (E. H. B.)

LUCARIS,' Cyeillus (c. 1572-1638). See Greek
Church, vol. xi. p. 158.

LUCAS OF Leyden (c. 1494-1533) was born at Leyden,

where his father Hugh Jacobsz gave him the first- lessons

in art. He then entered the painting-room of Cornells

Engelbrechtszen of Leyden, and soon became known for

his capacity in making designs for glass, engraving copper-

plates, painting pictures, portraits, and landscapes in oil

and distemper. According to Van Mander he was born in

1494, and painted at the age of twelve a Legend of St
Hubert, for which as many florins were paid to him as he
numbered years. He was only fourteen when he finished a

plate representing Mohammed taking the life of a friar, and
at fifteen he produced a series of nine plates for a Passion,

a Temptation of St Anthony, and a Conversion of St Paul.

The list of his engravings in 1510, when, according to Van
JIandcr, he was only si.\teen, includes a celebrated Ecce
Hom.o, Adam and Eve expelled from Paradise, a herdsman
and a milkmaid with three cows, and a little naked girl

running away from a barking dog. It will be seen to

what a variety of tastes the youthful artist was asked to

cater. Whatever may be thought of the tradition embodied
in Van Mander's pages as to the true age of Lucas of

Leyden, there is no doubt that, as early as 1508, he was
a master of name as a copper-plate engraver, and had
launched his boat in the current which in those days led

to wealth and to fame. Tlie period of the great masters

of etching, which had not yet come for Holland, was being

preceded by the period of the great masters in the us9 of

the graver. It was the time when art readily found its

patrons amongst the large public that could ill atTord to

buy pictures, yet had enough interest in culture to wisli to

educate itself by means of prints. Lucas of Leyden
became the representative man for the great public of

Holland as Biirer became the representative man for the
great public of Germany ; and a rivalry grew up between
the two engravers, which came to be so- close that on the
ueutral market of Italy the products of each were all but
evenly quoted. Vasari devoted almost equal attention to

both, affirming indeed that Diirer surpassed Lucas as a
designer, but that in the use of the graver they were both
unsurpassed, a sentence which has not been reversed by
the criticism of our day. But the rivalry of the two artists

was friendly. About the time when Diirer visited the
Netherlands Lucas came to Antwerp, which then flourished

greatly as an international mart for productions of the

pencil aud the graver, and it is thought, not without
reason, thai, ne was the master who took the freedom of

the Antwerp guild in 1521 under the name of Lucas the

Hollander. ,, In the diary which Diirer faithfully kept
during his travels in the Low Countries, we find that
at Antwerp he met Lucas, who asked him to dinner, and
that Diirer accepted the invitation, and was much surprised

at the sciallness of the Dutchman's stature. But he valued

the art of Lucas at its true figure, and exchanged f1i6

Dutchman's prints for eight florins' worth of his own. In

course of time Lucas rose to more than a competence,. In

1527 he made a tour of the Netherlands, giving dihtiers

to the painters of the guilds of Middleburg, Ghent, Malines,

and Antwerp. He was accompanied during the trip by
JIabuse, whom he imitated in his style as well as in his

love of rich costume. But festive cheer and banquet?

disagreed with Lucas. On his return home he fell sick

and remained ailing till his death in 1533, and when he

died he did so with the firm belief that poison had .been

administered to him by some envious comrade.

As an engraver Lucas of Leyden deserves his reputation, fie haa
not the genius, nor had he the tact, of DUrer; and he displays more
cleverness of expression than skill in distribution or refinement in

derails. But his power in handling the graver is very great, and
some of his portraits, especially his own, are equal to anything that

was done by the master of Nuremberg. Much that he accomplished

as a painter has been lost, because he worked a good deal upon cloth

in distemper. But some pictures have been preserved which fairly

manifest the influences under which he became productive. In

1522 he painted the Virgin and Child with the Mngdalen and
a kneeling donor, now preserved in the gallery of Munich. His
manner wgs then very much akin to that of JIabuse. • The Last

Judgment in the town-hall, now the town-gallery of Leyden, is com-
posed on the traditional lines of Cristus and Memling, furnished

with monsters in the style of Jerome Bosch, and figures in the

stilted attitudes of the South German school ; the scale of colours

in yellow, white, and grey is at once pale and gaudy; the quaintest

contrasts are produced by the juxtaposition of alabaster ilesh in

females and bronzed skin in males, or black hair by the side o£

yellow, or rose-coloured drapery set sharply against apple-greeu

or black, yet some of the heads are painted with great delicacy^

and modelled with exquisite feeling. Dr Waagen gave a most
favourable opinion of a triptych now at the Hermitage at St Peters-

burg, executed, according to Van Mander, in 1531, representing the
blind man of Jericho healed by Jesus Christ in the presence of the

apostles. Here too the great German critic observed the union ot

faulty composition with great finish and warm flesh-tinta with a
gaudy scale of harmonies. The same defects and qualities will be

found in such specimens of the master's art as are still preserved in

public collections, amongst which may be mentioned the Card Party
at Wilton House, the Penitent St Jerome in the gallery of Berlin,'

and the hermits Paul and Anthony in the Lichtenstein coUectioiji

at Vienna.

A few days before his death Lucas vau-x^eyden was infonned dl

the birth of a grandson, firstborn of. his only daughter Gretchen.'

Gretchen's fourth son Jean de Hoey followed the profession of his

grandfather, and became well known at the Parisian courtas paintet

aud chamberlain to the king of France, Henry IV.

LUCCA, a city of Northern Italy, the chief town of a

province, an archiepiscopal see, and the seat of a court of

assize, lies 13 miles by rail north-east of Pisa, in 43t-50*

N. lat. and 10° 28' E. long. Situated 50 feet above the

level of the sea, in the valley of the Serchio, the city looksj

oiit for the most part on a horizon of hills and mountains
The fortifications—pierced by four gates—were commenced
in 1504 and completed in 1645, and long ranked among
the most remarkable in the peninsula. The city has a

well-built and substantial appearance, its chief attraction

lying in the numerous churches, which belong in the main
to a well-marked basilicau type, and present richly decorated

exteriors, fine apsidal ends, and quadrangular campaniles:

The cathedral or church of. St Martin was begun in 10G3 hy^

Bishop Anselm ; but the great apse with its tall columnac
arcades is probably the only remnant of the early edifice.'

The west front, " built during the first forty years of the

13th century, consists of a vast portico of three magnificent

arches, and above them three ranges of open galleries

covered with all the devices of an exuberant fancy.". The
ground plan is a Latin cross, the nave being 273 feet in

length and 81 feet in width, and the transepts 117 feet in

length. In the nave is a little octagonal temple or chape]

built (1484) by Jlatteo Civitali, which serves as a shrine

for the most precious of the Xucchese relics, a cedar-woc(J

crucifix, carved, according to the legend, by Nicodemus;
and miraculoii-ly conveyed to Lucca in 782. The Sacteg
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Countenance (Volto Santo), as it is generally called, because
the face of tLe Saviour is considered a true likeness, is

only shown thrice a year. The beautiful tomb of Maria
Guinigi is described by Kuskin, Modern Painter^ ii. The
church of Saint Michael, founded in the Sth'century, and
built of marble within and without, has a lofty and
jnagnificent western facade (1188)—an architectural screen

rising much above the roof of the church. St Frediano or
Frigidian dates originally from the 7th century ; the front

(of the 13th century) occupies the site of the ancient apse
;

in one of its chapels is the tomb of Sant.a Zita, patroness

of servants and of Lucca itself. San Giovanni (originally of

the 12th century), San Romano (rebuilt in the 17th century,

by Vincenzo Buonamici), and Santa Maria Forisportam (of

the 13th century) also deserve to be mentioned. Among
the secular buildings are the old ducal palace, begun in

1578 by Ammanati, and now the residence of the prefect

and seat of the provincial officers and the public picture

gallery ; the Palazzo Pretorio, or former residence of the

podestii, now the seat of the civil and correctional courts

;

the palace, erected in the 15th century by a member
of the great Guinigi family, and now serving as a poor-

house ; and the 16th century palace of the Marquis
Guidiccioni, now used as a depository for the archives.

The principal market-place in the city [Piazza del Mercato)

has taken possession of the arena of the ancient amphi-
theatre, the arches of which can still be seen in the

surrounding buildings. Besides the academy of sciences

just mentioned, which dates from 1584, there are several

institutions of the same kind—a royal phiJomathio aca-

demy, a royal academy of arts, and a public library

of 50,000 volumes. The silk manufacture, which was
introduced at Lucca about the close of the 11th century,

and in the early part of the 16th became for a time the

means of subsistence for 30,000 of its inhabitants, now
gives employment (in reeling and throwing) to only about

1500. The bulk of the population is engaged in agricul-

ture. In 1871 the city had 21,286 inhabitants. The com-

mune has increased from 61,175 in 1834 to 68,063 in 1881.

Lucca (Latin, Luca) is probably a place of Ligurian origin. First

mentioned as the place to which Sempronius retired (218 B.C.)

before the victorious Hannibal, it passes out of sight again till 177,

^hen it became the seat of a Koman colony. In the time of Juli'.'.s

Ciesarit is frequently heard of as a town iu his province o£ Cisalpine

Gaul and Liguria, to which he repaired for consultation with his

political associates. By Augustus it was transferred to Etruria.

Though plundered and deprived of part of its territory by Odoacer,
Lucca appears as an important city and fortress at the time of

Narses, and under the Lombards it was the residence of a duke or

marquis and had the privilege of a mint. The dukes gradually
«.xtended their power over aU Tuscany, but after the death of the
famous Matilda the city began to constitute itself an independent
community, and in 1100 it obtained from Welf VL, duke of Bavaria

and marquis of Tuscany,' the lordship of all the country for 5 miles

round. Internal discord afforded an opportunity to Uguccione della

Faggiola to make himself master of Lucca in 1314 ; but the

Lucchese expelled him two years afterwards, and handed over their

city to Castruccio, under whose masterly tyranny it became "for a

Bioment the leading state of Italy." Occupied by the troops of

Louis of Bavaria, sold to a rich Geuovese Gherardo Spinola, seized

by John, king of Bohemia, pawned to the Rossi of Parma, sold to

the Florentines, siurendered to the Pisans, nominally liberated Ijy

the emperor Charles IV'., and governed by his vicar, Lucca was sub-

jected to endless vicissitudes, but managed, at first as a democracy,

and after 1628 as an oligarchy, to maintain " its independence along-

siile of Venice and Genoa, and painted the word Libertas on its

banner till the French Revolution." In the beginning of the 16th

century one of its leading citizens, Francesco Burlamacchi, made a

noble attempt to give political cohesion to Italy, but perished on

the scaffold (1548) ; his statue by Ulisse Cambi was erected on the

Piazza Sau Michele in 1863. As a principality formed iu 1805 by
Napoleon in favour of his sister Elisa and her husband Baciocchi,

Lucca was for a few years wonderfully prosperoiis. It was occupied

by the Neapolitans in 1814 ; from 1816 to 1847 it was governed as

a duchy by Maria Luisa, queen of Etruria, and her son Charles

Louis ; and it afterwards formed one of the divisions of Tuscany.

The biahops of Lucca, who can be traced back to 347, gradually

acquired a variety of exceptional marks of distinction, such as tho
pallium iu 1120, and the archiepiscopal cross from Alexander II.

;

and at length in 1726 Benedict XIII. raised their see to the rank of
an archbishopric, without suffragans.

See Memorie per seri-it e atln sloria del ducalo di Lucca, published by tho Lscca
Academy; JIazzaiosa, Itloiia Ji Lucm, Lucca, 1833; Rc-petti, Dinojiario della
I'oscana, Florence, 1835 ; Frtcman, Jitit. and Arcli. Sketches, London, 1870.

LUCCA, Baths op (Bagni di Lucca, formerly Bagno
A Corsena), a commune of Italy in the province of Lucca,
containing a number of famous watering-places. They
are situated in the valley of the Lima, a tributary of the
Serchio ; and the district is known in the early history of
Lucca as the Vicariadi Val di Lima. Ponte Serraglio (16
miles to the north of Lucca) is the principal village ; but
there are warm springs and baths also at Villa, Docce
Bas.'!!, Bagno Caldo, &c. Bagno a Corsena is mentioned in

1284 by Guidone da Corvaia, a PiSan historian (Muratori,
vol. xxii.); and by the 16th century the waters had
attained great celebrity. Fallopius, who gave them credit

for the cure of his own deafness, sounded their praises in

1569; and they have been more or less in fashion since.

The temperature of the water varies from 96° to 133° Fahr.;

in all cases it gives off carbonic acid gas, and contains lims;

magnesium, and sodium products. In the village of Bagno
Caldo there is a considerable hospital, constructed largely

at the expense of Nicholas DeraidofiE in 1826. The
population of the commune was 11,000 in 1881.

LUCENA, a town of Spain, in the province of Cordova,
37 miles south-south-east from that city, and 1 1 miles by
road south-east from the Aguilar station of the Cordova-
Malaga Railway. It is pleasantly situated on the Cascajar,

a minor tributary of the Genii, in a district that produces
oil, wine, and cereals in great abundance, and affords

excellent pasture. The parish church, which is large but
not otherwise remarkable, dates from the beginning of the

16th century. The chief industries are the manufacture

of hardware and pottery, bronze lamps being a specialty of

Lucena, and also the large earthenware jars {tinnjas) used

throughout Spain for the storage of oil and wine. There
is considerable trade in the produce of the neighbourhood,

and the horse mart is famous throughout Andalusia. The
population in 1877 was 19,540. Lucena was taken from
the Moors early in the 14th century; it was in the attempt

to recaptufe it that King Abu 'Abdallah (Boabdil) of

Granada was taken prisoner in 1483.

LUCERA, a city of Italy, in the province of Foggia, on

a hill in the midst of the Apulian plain, lies 10 miles west-

north-west, of Foggia. Although a busy and flourishing

place, witn 14,014 inhabitants in T871, Lucera is mainly

of historical interest. Tho cathedral, erected on the ruins

of the magnificent mosque, is a fine Romanesque building

with Gothic features ; and the castle, whose in;posing ruins

sfill crown the hill to the north of the town, was formerly

the grandest of all the strongholds possessed by the Hohen-

staufen emperors to tho south of the Alps'.

By a Greek tradition the foundation of Luceria was assigned to

Diomede, and tho statue in its temple of Minerva passed as the

authentic Palladium ; but the place would seem to be really of

Oscan rather than Daunian origin. The Romans were marching to

the relief of Luceria when they suffered the defeat at the Caudino

Forks ;. thev effected its capture in 320 B.C.; and when they re-

covered it in 314 they slew a great part of the inhabitants, and

introduced a powerful body of colonists. During the Second

Punic 'V/ar the city was tho headquarters of the Apulian cam-

paigns. It continued to exist nsa place of some mark down through

tlie''empire, and is mentioned by Pliny as a colon)'. Destroyed

(C63 a. d.) by the emperor Constans, who had recovered it from tho

Lombards, it was shortly after restored, and in 1227 it was raised

to more than its former prosperity by Frederick II., who settled

there a great body of his Saracen followers from Sicily, and thus

increased its population to about 77,000. The Mohammedan
colony, however, was brought to ruin by the hostility of Charles I.

and II. of Anjou. Preriousto 1806 Lucera was the administrative

centre of the two provinces Basilicata and Molise. Sec W. Lang,

in Im Ncucn Reich, Dec. 1877.
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LUCERXE (German, Lmem), a canton of Switzerland

lying northwest of the central mass of the Swiss Alps,

having the canton of Aargau to the north, Bern to the

west and south, and the small cantons of Zug, Schwyz,

and Untcrwalden on the east and south-east sides. Like

most of the Swiss cantons its form is very irregular, and

it includes, besides a part of the Lake of Lucerne, the

Likes of Sempach and Baldegg, and several smaller sheets

of water. To this circumstance is probably due the dis-

crepancy in the various estimates of the area, which range

from 498 to 585 square miles. The greater part of its

territory lies in the low hilly region of north-western

Switzerland, most of which is under cultivation ; but it

has one considerable valley, the Entlebuch, enclosed by

mountains, several of which exceed 5000 feet in height,

which is devoted to pasturage. The only considerable

mountain in the canton is the Pilatus, a steep jagged ridge

with numerous peaks, the highest of which is 7290 feet

above the sea, forming the boundary between this and

the canton of Unterwalden. The only river is the Eeuss,

which issues from the lake at the town of Lucerne, but

soon turns abruptly to the north-east, and passes the

boundary of the canton. Of many smaller streams that

water its surface, the most important is the Little Emme,
which drains the Entlebuch and its tributary valleys.

The soil is moderately fertile, and produces good crops of

cereals, but the vine is grown only in a few exceptionally

favourable situations. Some of the higher valleys, espe-

cially the Entlebuch, are mainly devoted to pasture, and

furnish cheese and butter in considerable quantities, of

which the surplus is exported. The population in Decem-

ber 1880 was 134,806, of whom all but 5634 were Roman
Catholics. The language is exclusively German, and the

people belong to the Teutonic stock. Excepting the

inhabitants of the town of Lucerne, they are mainly

employed in agriculture. The men of the Entlebuch,

leading a pastoral life and little exposed to intercourse with

strangers, have preserved more of the original simplicity of

manners and costume than is now often found elsewhere in

Switzerland. They are famed for their strength and skill

in wrestling and other athletic exercises, as may be seen

at the Sckivinr/feste, still frequently held in that district.

> Like the rest of northern Switzerland, Lucerne was subject to

the house of Austria until 1332, when its people joined the league

of the forest cantons, Uri, Schwyz, and Unterwalden, thus forming

the fourth in date of the confederation. They bore their share in

the brilli.ant victory of Sempach, fought in 1386 near the village of

that name, and in 1402 acquired the Entlebuch by purchase from

the Austrian duke. The government was until the end of the 18th

century an oligarchy in the hands of a few families, but in 1798 the

French inv.asiou substituted democratic institutions. These, with

several changes all tending to give more complete power to the

people, have continued to the present time. The constitution now
in force dates from the l"th Fcbru.iry 1869, and is based on the

principle which prevails throughout the whole of Switzerland, that

the sovereign power is vested exclusively in the people, but may be

exercised either directly or through delegates elected by universal

sufTr.ige. Lucerne formerly sent a contingent uf 1734 men to the

federal army, but according to the latest return the number of men
belonging to the canton on the rolls (in 1879) was 5176. In 1846

Lucerne took a lending part in the formation of the Sondcrbiind,

a league of several of the Catholic cantons to oppose forcible

resistance to the decree of the federal government for the expul-

sion of the Jesuits from Switzerland. In the brief campaign tli.at

ensued in the folloiving year, the forces of the Sonderbuud were
utterly routed, and after a few days the conflict ceased. Since that

date tlie canton seems to have enjoyed complete internal tr.imiuillity.

Lucerne has produced a fair proportion of men who have distin-

guished themselves in science, literature, jihilosophy, and art.

Among many others whose reputation is conHned to their own
country, the names of the naturalists Cappeler and Lange, the

histori.ans Etterlin and Balthasar, and the philosopher Troxlerhave
acquired more jiermancnt ropuiatiou.

LtrcERME, the chief town of the Swiss canton of that

name, stands on both banks of the Reuss, where that

river issues from the north-west end of the chief arm of

the lake of Lucerne. The position of the town Is singu-

larly beautiful. Beyond the lower hills, rich with plant-

ing and cultivation, which slope towards the shores of

the lake and the river, loftier summits of very varied

form rise in the background. Most prominent of these is

the many-peaked Pilatus, only about 7 miles distant, while

the double summit of the Mythen, at the opposite end of

the lake, is flanked by other less imposing summits, amongst

which the Righi draws attention, owing to the fame'"of its

panoramic view. The picturesque aspect of the town is

much enhanced by the ancient walls, now partly removed,

and the circular or octagonal towers which surround it

One of these, called the Wasserthurm, rising from the

water's edge, is said to have served as a lighthouse

(hicerna), and to have originated the name of the town
and canton. The town appears to owe its origin to a

Benedictine monastery which stood on the site of the

present Hofkirche. The buildings which clustered round

gradually increased, until, early in the 14th century, the

walls were erected for protection, and bridges were carried

across the river. The Rathhaus, which is the seat of the

cantonal Government, is an ancient building adorned with

wood carving and quaint pictures. In a large hall are pre-

served the portraits of the chief magistrates (Sc/nilllieusm)

from the earliest times to the year 1814. The libraries of

Lucerne are said to possess the most complete and
important collection of documents connected with the

history of Switzerland during the Middle Ages. The
town library, now in the museum, contains about 12,000

volumes, and is especially rich in manuscript chronicles.

The cantonal library, reckoned at over 80,000 volumes, with

many incunabula, was chiefly formed from the libraries of

suppressed monasteries. Other curious books are to be

found in the library of the Capuchins at Wesemlin outside

the town.

Besides two modem bridges which span the river, there

are two wooden causeways, roofed over, and passable only

on foot, which anciently served the wants of the inhabi-

tants ; a third, the longest of all, was removed in the pro-

gress of modern improvements. Of those remaining, tho

more ancient, called the Miihlbriicke, was adorned with

illustrations of the " Dance of Death," a favourite subject

with German and Swiss mediaeval artists ; though much
injured by time, they are still visible. The other wooden
bridge—the Kapellbriicke—is decorated with numerous
paintings representing events in Swiss history and in the

lives of Saints Leodegar and Mauritius, the patrons of the

city. The principal church, which has little architectural

merit, possesses a fine organ. Along with various religious

and charitable institutions which seem fully adequate to

the wants of the population, a museum has been opened

of late years which, among various other objects, contains

an interesting archaeological collection, going back to the

prehistoric period, and including relics of historic il interest,

such as trophies taken on the field of Sempach, formerly

preserved in the arsenal. The town contains one object

of genuine artistic interest— the colossal lion designed to

commemorate the men of the Swiss guard who fell in the

defence of the Tuileries in Paris on the 10th August 1792.

The idea, which might easily have led an inferior artist

into extravagance and vulgarity, was well suited for tho

simple and manly genius of Thorwaldsen, who supplied

the model ; and, although the execution is necessarily

somewhat rude, the effect is touching and impressive. In

an architectural point of view the most notable part of the

town is the wide quay formed on land reclaimed from the

bike in 1852, planted on one side with trees, and on the

other showing a .succession of those grant hotels which

everywhere in Switzerland have been built to accommodate

and to tempt the strangers who annually resort to the
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country. This constant flow of visitors has led to a large

increase of population ; that of Lucerne, which twenty-

years before was little over 10,000, was 17,850 at the

census of 1880. (j. b.)

LUCERNE, Lake of, the name given by foreigners tp

the Vierwaldstattersee, or lake of the four forest cantons of

Switzerland. Only a small portion of its shores lie within

the canton of Lucerne, but the name has been taken from

the most considerable town which it approaches. Lying

on the north-west side of the Alps of central Switzerland,

this lake has extraordinary interest for the physical

geographer, for the lover of natural scenery, and for all

who feel sympathy with the story of Swiss independence.

Like most of the other Alpine lakes, it lies altogether among
the Vomlpen, or outer ranges of the Alps, but is remarkable

for the extreme irregularity of its form, which suggests

problems of much difficulty to the orographer. The great

majority of the Alpine lakes occupy depressions or excava-

tions in a single line of valley ; and, so far as their form is

concerned, the facts appear to be equally reconcilable with

the views of those geologists who believe the lake basins to

have been hollowed out by great glaciers as with those

Dan of Lake of Lucerne.

which. refer their origin to disturbances of relative level,

and restrict the action of the ancient glaciers to a secondary

part in the result. The Lake of Lucerne, however, appears

to occupy portions of four different valleys, orographically

distinct, and connected only by narrow and tortuous channels.

Commencing at its eastern extremity, we have '.he portion

called the Bay of Uri, which at its southern end rtceives

the considerable stream of the Reuss, bearing down the

drainage of the Alps adjoining the pass of St Gotthard.

This extends from south to north about 8 miles, with an
average breadth of less than 2 miles, enclosed between
steep limestone mountains rising from 4000 to 6000 feet

above its surface. At the north end of the Bay of Uri a
low tract, only a few miles in width, divides' the shore of

the lake from the little Lake of Lowerz, andanother similar

tract divides the latter from the Lake of Zug, bo that it

seems natural to conclude that if the Bay of Uri had been

excavated by ice action it would have retained its original

direction and carried the waters of the Reuss to the Lake
of Zug. In point of fact the channel of the lake is bent

abruptly westward round the promontory of Treib, and
extends in the same direction nearly 10 miles, with the

local designation of Buochsersee. But this channel is

closed at its western end by a low neck of land, and the

passage for navigation is through a narrow struit, less than

half a mile wide, which connects the Buochsersee, lying

south of the Biirgenstein and the Vitznauerstock, with a

f>hird basin occupying the bottom of the valley which lies

north of those ridges. Proceeding westward along this

latter portion of the lake, we find two deep bays, several

miles in length, opening on either hand, while a third

extends somewhat north of west to the town of Lucerne.
The bay on the left hand, opening towards the south-west,

is called the Alpnachcrsee, while that on the opposite or

north-east side is the Bay of Kussnacht. At the central

point where these meet it is seen that they lie in a
continuous line of valley extending from the Briinig Pass
to the Lake of Zug, as the Bay of Kiissnacht is separated

from the latter only by a low isthmus. Those who refuse

to regard glaciers as lie chief agents in the excavation of

lake basins ask how it can be supposed that a glacier from
the valley of the Reuss could have accomplished the

hollowing out of the middle portions of the lake, and
further inquire whether the glacier from the valley of

Sarnen, which is supposed to have excavated the bays of

Alpnach and Kussnacht, should not have also cleared away
the isthmus between the latter and the Lake of Zug, leading

the drainage of the lake in that direction. The question

as to the true origin of lake basins in the Alps cannot be

satisfactorily discussed until their forms have been
determined by numerous and accurate soundings, and this

has as yet been done for the Lake of Como alone. The
greatest depth hitherto measured in the Lake of Lucerne

is 1040 feet, but no connected series of soundings appear

to have as yet been made. The mean height of the surface

above the sea-level is 1437 feet, or 68 feet higher than the

Lake of Zug
The irregularity of its form is the chief cause of the

unequalled variety which characterizes the scenery of the

Lake of Lucerne, but the geological structure of the moun-
tains that enclose it much enhances the effect. Its eastern

portion lies amid the Secondary limestone rocks which are

everywhere in the Alps marked by sharp peaks and ridges

ond precipitous crags ; the middle part is enclosed by gxeat

masses of Tertiary conglomerate, called in ' Switzerland

Nagelfluhe, which constitutes such mountains as the Righi

and the Biirgenstein, showing steep faces with gently

sloping summits ; while the western extremity is surrounded

by swelling hills richly planted and dotted with bright

looking hamlets or solitary farm-houses. The forests which

once covered the greater part of this region, and give the

local designation to the four original cantons of Switzerland,

have been extensively thinned, but enough yet remain tt>

add another element to the charms of the scenery. Vine-

yards with their formal rows of stakes are scarcely seen on

the shoids of the lake, but orchards surround most of the

houses, and the walnut grows to great perfection. Lucerne

is the only town on the lake. Altdorf, the chief town of

Uri, stands nearly 2 miles from the head of the Bay of

Uri, and Schwyz, capital of the canton of that name, is

more than 3 miles from the shore; but since the introduction

of steam navigation several of the villages on its coast have

largely increased in population.

Modem scepticism has thrown doubt upon many of the details in

the popular history of tlie origin of Swiss independence ; but it is

certain that the shores of tliis lake nurtured the men v.-ho com-

menced the heroic efforts that secured freedom for their country.

Here, at tha beginning of the 14th century, in an age when nearly

all Europe was in the hands cf feudal oppressors, a handful of

mountaineers drove put tho local tyrants anil levelled their strong-

holds, and a few years later, on the fields of Morgarten and Sein-

pach, confronted and put to flight the chivalry of Austria. The man
who can visit unmoved the Grutli, the spot, overlooking the Bay of

IJri, consecrated by popular tradition as the scene of the first meet-

ing of the confederates on tho night of the 7th October 1307. must

bo^devoid of all sense of tho sublime in natural scenery and of tho

heroic in human action. (J- B.)

LUCIA, or Lucy, St, was a noble Christian virgin of

Syracuse, who lived in the reign of Diocletiaa Her

mother, having been miraculously cured of an illness at tho
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sepulchre oi St Agatha iii Catania, was persuaded by Lucia

to distribute all her wealth to the poor. The youth to

whom the daughter had been betrothed forthwith denounced

her to Paschasius the prefect, who ordered that she should

be taken away and subjected to shameful outrage. But

it was found that no force which could be applied was able

to move her from the spot on which she stood j'even

boiling oil and burning pitch had no power to hurt her,

until at last she was slain with the aword. Such in

substance is the narrative of the appropriate lessons given

in the Roman Breviary for the festival of St Lucia on

December 13 (duplex); a later legend represents her as

having plucked out her eyes when they threatened to

become a snare to her lover, and as having had them after-

wards restored to' her more beautiful than before. In art

she IS represented as suffering martyrdom, as bearing her

eyes on a salver, or as carrying a flaming lamp in her hand;

in the last case .she is the type of celestial light or wisdom
(comp. Dante, Inf., ii.; Purg., ix.; Par., xxxii.). She is

invoked in cases of eye-disease, and is also regarded as the

patroness of the labouring poor.

LUC'IAN, one of the principal essay-writers (Xoyoypaioi)

and satirists of the post-Christian era, the silver age of

Greek literature, was born at Samosata ou the Euphrates

in northern Syria.^ \\q have no indication of the precise

date of his birth, but it is probable that he flourished about

or after the middle of the 2d century, as he mentions

Marcus Aurelius and his war with the German Marco-

manni and Quadi (170-74 a.d.) in his Alexander {§ 43).

He tells us in the Somniv.m or Vita Luciani, § 1, that

his means being small he was at first apprenticed to his

maternal uncle, a statuary, or rather sculptor of The stone

pillars called HermiB.- When a schoolboy he had been

in the habit of scraping the was from his tablets and using

it for moulding or modelling little figures of dogs, horses,

or men.' Having made an unlucky beginning by breaking

a marble slab, and having been well beaten for it, he

absconded and returned home. Here he had a dream or

vision of two women, representing Statuary and Literature.

Both plead their cause at length, setting forth the

advantages and the prospects of their respective professions

;

but the youth chooses HatSeia, and decides to pursue

learning. For some time he sesms to have made money
as a prfTwp, following the example of Demosthenes, on

whose merits and patriotism he expatiates in the djalogue

Demosthenis Encomium. It is clear from his numerous
writings that he was very familiar with the rival schools of

philosophy, and he must have well studied their teachings
;

but he lashes them all alike, the Cynics, perhaps, being

the chief object of his derision.* A large number of

philosophers, both ancient and contemporary, are mentioned

by name, nearly always in ridicule or disparagement.

Lucian was not only a sceptic ;- he was a scoffer and a

downright unbeliever. He felt that men's actions and
conduct always fall far short of their professions, and
therefore he concluded that the professions themselves were

worthless, and a mere guise to secure popularity or respect.

Of Christianity he shows some knowledge, and it must

' He mentions it only once, in the treatise iris Jet laropiav avy-
ypipfiu, where he speaks of ttji- ifiii:' irarplSa to Sapioa-aTa (§ 24).

In Piscalor (§ IS), he speaks of himself as 2u/)os ri'i' 'Zvtvippa.-

- The words Spio-ros €piioy\i(pos eTvoi SokZv {§ 3) are probably
satirical, and really mean ^au\os, "second-rate," for it is clear th.it

he disliked his uncle. ' Ibid., § 2.

* Hence Diogenes is made to say in Piscaior, § 23, iirc/i oitoi'toj

v0pi(riiai, sc. vphs AovKidvov. In fittiii/ vpaffis (p. 551) the same
philosopher asserts that "any one will be looked up to and get a

reputation if only he has impudence and abuse." At the auction

Diogenes is v.alued at ticopencc (§ 11). Th.it Lucian had practised in

law courts, and turned his eloquence afterwards against the philo-

sophers, is asserted in Piscal., § 23.

have been somewhat largely professed in Syria at the close

of the 2d century.'' In the Philopatris, though th€

dialogue so called is generall}' regarded as spurious, there

is a statement of the doctrine of the Trinity,^ and the

"Galila;an who had ascended to the third heaven" (§ 12),

and " renewed " (di'tKaiVto-fv) by the waters of baptism,
may possibly allude to St Paul The doctrines of tho
Adyos and the "Light of the world," and that God is in

heaven making a record of the good and bad actions of

men,'' seem to have come from the same source, though the

notion of a written catalogue of human actions to be used
in judgment was familiar to /Eschylus and Euripides.

As a satirist and a wit Lucian stands without a rival

In these respects he may be said to occupy in prose litera-

ture the unique position which Aristophanes holds in Greek
poetry. But whether he is a mere satirist, who laughs

while he lashes, or a misanthrope, who hates while he
derides, is not very clear. In favour of the former view
it may be said that the two main objects of his ridicule

are mythology and the sects of philosophy ; in favour

of tho latter, his bitter exposure of imposture and
chicanery in the Alexander, and the very severe attacks he

makes on the " humbug " of philosophy,* which he every-

where assails with the most acrimonious and contemptuous

epithets.

As a writer Lucian is fluent, easy, and unafiected, and a

close follower of the best Attic models, such as Plato and
the orators. His style is simpler than Plutarch's, and
some of his compositions, especially the Dialogues of the Gods

(pp. 204-287) and of lite Marine Deities (288-327), and,

above all, the Dialogxies of the Dead (329-454), are models

of witty, polished, and accurate Greek compositioru « Not
less clever, though rather lax in morality, are the (raipiKo'.

SiaXoyoi (pp. 280-325), which remind us somewhat of

the letters of Alciphron. The sarcasms on the popular

mythology, the conversations of Pluto, Hermes, Charon,

and others of the powers in Hades, show a positive disbelief

of any future state of existence. The model Lucian

followed in these dialogues, as well in the style as in the

sparkling and playful repartee, was the Platonic conversa-

tions, founded on the drama, of which the dialogue may bo

called the prose representative. Aristotle never adopted

it, perhaps regarding it as beneath the true dignity of

philosophy. The dialogue, in fact, was revived ani

improved by Lucian,^ the old traditions of the Xoytwroici

and Xoyoypa.'pot, and above all, the immense influence of

rhetoric as an art, having thrown some discredit on a styis

of composition which, as introduced by Plato, had formed

quite a new era in Greek prose composition. For rhetoric

loved to talk, expatiate, and declaim, while dialectic strove

to refute by the employment of question and answer, often

in the briefest form.

In his language, as tested by the best classical models,

Lucian is at once elegant and correct. But he occasionally

indulges in idioms slightly solecistic, as in the use of Kav

t

due 1

In the Alacandrus ^§ 25) we are told that the province of Pontus,

north of Syria, was "full of Christians."

® § 12, v\l/ifitoovTa 0«ir fieyav &fi0pOToy oupacfajca, vihv Vlarphs,

nrcD^a iK waTphs iKiropfuSfiffoy, %v ix rpiuw koI i( iyb^ Tpi'o, a

passage which bears on the controverted procession " a Patre Filioque."

' Ibul., § 13. iEsch., Eum., 265, SfhToypaipif 5e iravr" ivtcirS (pperl,

* At p. 792 Herniotimus says to Lycinus (who must bo assumed to

represent Lucian himself), {i^ptarijs ael av, Kal ovk ol^ 3 ti jraQuif

fiitrus ipt\o<rott>iai' Ha\ ^s rods 'pi\oiTO(pQti'Tas &7roaKunrTets. In

Icaromcnippus {§ 5) he says he always guessed who were the best

physical philosophers "by their sour-faced looks, their paleness of

complexion, and the length of their beards." See also ibid., § 29.

' He says (speaking as SiJpos iu Bis accusatus, § 34) that ho found

dialogue somewhat out of repute from the too numerous questions

(i.e., employed by Plato), and brought it up to a more human and

1 natural standard, substituting banter and repartee for dialectic quibbles

I aud close logical reasoning.
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IkoI ur) with a future or even an imperative, fir) in place

of oi, the particle ay misplaced or wrongly added, and a

subjunctive mood instead of an optative.^ Nevertheless,

he evinces a perfect mastery over a language as wonderful

in its inflexions as in its immense and varied vocabulary
;

and it is a well-merited praise of the author to say that to

a good Greek scholar the pages of Lucian are almost as

easy and as entertaining as an English or French novel.

In this respect they form a coutrast with the somewhat
"crabbed" style of Plutarch, many of whose moral treatises

are by no means easy reading.

or course Greek, like every other language, is progressive,

and ihe notion of fixing it to any given period as absolutely

the best is quite arbitrary. We shall not be surprised at

findiLg in Lucian some forms and compounds which were

not in use in the time of Plato, or Demosthenes. Thus,

he has i-n-epuSdi for vrrepopS.? (p. 99), TreTrc/x/ntVos as the

participle of the perfect passive of Trt'/xTrco (p. 240), hcrca-eiKe

the perfect of iva-uui (p. 705), to which a purist would

object; and there are occasional tendencies to Latinism

which can hardly surprise us. From a writer living under

Roman rule we may expect some Latin words in his

vocabulary, as SaKfpowy for Sacerdos, and RomaTi names
like JlayTOs, KcXo-ds, KeXyp (Celer), PoutiAAiWos, &c. In

the Lexiphanes a long passage .is read from a treatise

composed in words of the strangest and most outof-the-way

form and sound, on hearing which Lucian pretends to be

almost driven crazy (p. 342). His own sentiments on the

propriety of diction are shown by his reproof to Lexiphanes

(§ 24), " if anywhere you have picked up an out-of-the-way

word, or coined one which you think good, you labour to

adapt the sense of it, and think it a loss if you do not

succeed in dragging it in somewhere, even when it is not

really wanted." The free use of such a vocabulary ^ even

in satire shows Lucian's intimate knowledge of the spurious

bombast which had begun to corrupt the classic dialect.

Lucian founded his style, or obtained his fluency, from

the successful study of rhetoric, by which ha appears to

Lave made a good income from composing speeches which

attracted much attention. ^ At a later period in life he
seems to have held a lucrative office in Egypt. When he

"all but had one foot in Charon's boat" (he says in

Apologia, § 1), " he lent his neck to be bound by a golden

collar." Tliis office was to register the actions and verdicts

of the law courts,—he was a kind of " Master of the Kolls,"

who had the custody of the state documents, and received

his salary directly from the king {ibid., § 12). He speaks

of the emoluments as oi criuKph^ iiicrOo'; aXXa TroXvrd.X.avTo';.

We do not know the date of Lucian's death, but he may
Lave lived till about 200 a.d.

The extant works of this writer are so numerous that of

some of the principal only a short sketch can be given.

To understand them aright we must remember that the

whole moral code, the entire " duty of man," was included,

in the estimation of the pagan Greek, in the various schools

of philosophy. As these were generally rivals, and the

systems they taught were more or less directly antagonistic,

truth presented itself to the inquirer, not as one, but as

manifold. The absurdity and the impossibility of this

forms the burden of all Lucian's writings. Ho could only

' Thus in p. 59], irpoiXSfifvoi riva i^ airifruv Stms fipiffra kuttJ'

yopri(Tat hv Sok^, either Strrjs fii' lifuara Sokjj or 8(Tris &piffTa fiv

toKolTi 13 required by the Ia\v3 of Attic Greel:.

' In describing a banquet Lexiphanes Bays (§ 7), roTfipia ii (kuto
iravToia iitl T^y Zf\<piv[Zos rpairi^r]s^ & apv^tfi^Tunos Kal TpuTjXls

fityropovpy^s fii\a^rj txovffa. t))V KtpKov KOi /3o/i/3iJXi05 KoX tupoKU'

veWov Kal yT\yivrt iroWa oTa 0j)pi«\^r ti-ma, eupu-i^cSi) re Kot aK\a
fijaroiia, ri /i€y <ta)Ka^d^i^, Tck 5i KytUdfVf ndvTafitvrot a^/e/io^JpTjTa

Kol v^fv6cTrpaKa,
' hia accusal. {% 27), where Rhetoric declares she had enriched him,

n>o*Ka Q^fLittphf iit(a(V(yKaiJ,ivit iro\\o!it no! eavnairiovi \iyovt.

form one conclusion, viz.j that there is no sucL a thing aa

truth.

One of the best written and most amusing treatises of

antiquity is Lucian's Tme History, which forms a rather

long narrative in two books. . It is composed, he says in

a brief introduction, not only as a pastime and a diversion

from severer studies, but avowedly as a satire (oIk

aKw/x(i>8v;Tojs, p. 71) on the poets and logographers who
have written so many marvellous tales, iroWa. rtpdcma koJ

p-vdiuSr]. He names Ctcsias and Homer; but Hellanicus

and Herodotus, perhaps other Xoyo:roioi still earlier, appear

to have been in his mind.'' The only true statement in

his History, he wittily says (p. 72), is that it contains

nothing but lies from beginning to end.

The main purport of the story is to describe a voyage to

the moon. He set out, he tells us, with fifty companions,

in a well-provisioned ship, from the " Pillars of Hercules,''

intending to explore the western ocean. After eighty

days rough sailing they came to an island on which they

found a Greek inscription, " This was the limit of the

expedition of Heracles and Dionysus"; and the visit of

the wine-god seemed attested by some mirac\ilous vines

which they found there. After leaving the island they

were suddenly carried up, ship and all, by a whirlwind

into the air, and on the eighth day came in sight of a great

round island shining with a bright light (p. 77), and
lying a little above the moon. In a short time they are

arrested by a troop of gigantic " horse-vultures
"

(tn-TrdynTToi), and brought as captives to the "man in the

moon," who proves to be Endymion. He is engaged in a

war with the inhabitants of the sun, -which is ruled by

King Phaethon, the quarrel having arisen from an attempt

to colonize the planet Venus (Lucifer). The voyagers are

enlisted as " Moonites," and a long description follows of

the monsters and flying dragons engaged in the contest.

A fight ensues, in which the slaughter is so great that the

very clouds are tinged with red (p. 84). The long descrip-

tion of the inhabitants of the moon is extremely droll and

original, and has often been more or less closely imitated.

After descending safely into the sea, the ship is swallowed

by a huge "sea serpent" more than 100 miles long. The

adventures during the long confinement in the creature's

belly are 'most amusing; but at last they sail out through

the chinks between the monster's teetli, and soon find

themselves at the " Fortunate Islands." Here they meet

with the spirits of heroes and philosophers of antiquity, on

whom the author expatiates at some length. The tale

comes to an abrupt end with an allusion to Herodotus in

the promise that he "will tell the rest in his next books."

The story throughout is written in easy and elegant Greek,

and shows the most fertile invention.

Another curious and rather long treatise is entitled

AovKios ri ovo^.. The authorship is regarded as doubtful;

the style, as it seems to us, does not betray another hand;

Parts of the story are coarse enough ; the point turns on

one Lucius visiting iu a Thessalian family, in which the

lady of the house was a sorceress. Having seen her

changed into a bird by anointing herself with some potent

drug, he resolves to try a similar experiment on himself,

but finds that he has become an ass,- retaining, however,

his human senses and memory. The mistake arose from

Lis having filched the wrong ointment ; however, he is

assured by the attendant, Palasstra, that if he can but

procure roses to eat, his natural form will be restored. In

the night a party of bandits break into the Louse and

* In p. 127 he saya that ho saw punished in Hades, more severely

than any other sinners, writers of false narratives, among whom were

Ctesins of Cnidus and Herodotus. Yet in the short essay inscribed

Herodotus, p. 831, he wishes it were possible for him to imitate th«

many excellencies of that writer.
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carry off the stolen goods into the mountains on the back

of the unfortunate donkey, who gets well beaten for

stumbling on the rough road. Seeing, as he fancies, some

roses in a garden, he goes in quest of them, and again gets

beaten as a thief by the gardener (p. 585). After many
adventures with the bandits, he attempts to run away,'but

is caught. A council is held, and he is condemned to die

along with a captive girl who had essayed to escape on his

back. Suddenly, however, soldiers appear, and the bandits

are arrested (p. 595). Again the ass escapes " to the great

and populous city of Beroea in Macedonia " (p. 603). Here

he is sold to a strolling conjurer, afterwixrds to a market-

gardener; and both e-xperiences are alike painful Again

he passes into the possession of a cook, where he gets fat

and sleek on food more suited to his concealed humanity

than the hard fare he has of late lived upon (p. 614). At

last, during an exhibition in the theatre, he sees some roses

being carried past, and, making a successful rush to devour

them, he recovers his former shape. "I am Lucius," he

exclaims to the wondering president of the exhibition,

"and my brother's name is Caius. It was a Thessalian

witch that changed me into a donkey." Thus nil ends

well, and he returns safe to his countrj'. Droll and
graphic as matvy of the adventures are, they but too clearly

show the profligate morals of the age.

The treatise On the Syrian Goddess (Mylitta, the moon-

goddess, the Semitic Venus) is written in the Ionic dialect

in imitation perhaps of the style of Herodotus, though the

resemblance is by no means close. The writer professes to

be an Assyrian (p. 452), and to describe the wonders in

the various temples of Palestine and Syria ; he descants

on the eunuchs of Syria and the origin of the self-imposed

privation of manhood professed and practised by the Galli.

The account of the temples, altars, and sacrifices is curious,

if really authentic ; after the manner of Pausanias it is

little more than a list, with the reasons in. most cases

added, or the origin of the custom explained.

De Morte Peregrini is a narrative of one Proteus, a
Cynic, who after professing various doctrines, and among
them those of Christianity, ended his own life by
ascending a burning pyre (p. 357).* The founder of tht;

Christian religion is described (p. 334) as "the man who
hud been crucified (or fixed to a stake, avaxTKoKmrKrOivTa)

in Palestine," and as one "still worshipped for having
introduced a new code of morals into life." The zeal of

the early converts is shown by their flocking to the prison

when Proteus had been arrested, by the sympathy conveyed
from distant cities of Asia (p. 336), by contributions of

money for his support, and by their total indifierence to

life; for "the poor wretches have persuaded themselves
that they will live for ever." The founder of the religion,

"that first lawgiver of theirs," says Lucian, "made them
believe that they are all brothers when once they have
abjured the gods of Greece and worshipped the crucified

man who is their teacher, and have begun to live according
to his laws "

(p. 337).

Bis accusatv.s is a dialogue commencing with a satire on
the folly of the popular notion that the gods alone are

happy. Zeus is represented as disproving this by enume-
rating the many and heavy duties that fall to their lot in

the government of the world, and Hermes remarks on the
vast crowds of' philosophers of rival sects, by whose
influence the respect and worship formerly paid to the gods
have seriously declined. A trial is supposed to be held
under the presidency of the goddess Aikt;, between the
Academy, the Porch, the schools of the Cynics and
Epicureans, and Pleasure, Revelry, Virtue, Luxury, &c, as

variously impugned or defended by them. 'Then Conveiea-

• It b open to controTersy wkethsr he was not a martyr at tlie stake.

tion and Rhetoric come before the court, each having an
action for defamation to bring against Syrus tho essayist,

who of course is Lucian himself (p. 823). His defence \t

heard against the charges of both, and in both cases he is'

triumphantly acquitted. This essay is brilliant from its

clever parodies of Plato and Demosthenes, and the satire

oil the Socratic method of arguiug by short questions and
answers.

The Lover of Lyinrj (^iXoi/fcuSj;!) discusses the reasou

why Some persons seem to take pleasure in falsehood for

its own sake, and when there is nothing to be gained
by it. Under- the category of lying all mythology {e.g.,

that of Homer and Hesiod) is included, and the question

is asked, why the hearers of such stories are amused by
them ? Quack remedies, charms, and miraculous cures are

included among the most popular kinds of falsehood

;

witchcraft, spiritualism, exorci.-im, expulsion of devils,

spectres, are discussed in .turn, and a good ghost story is

told in p. 57. An anecdote is given of Democritus, who,
to show his disbelief in ghosts, had shut himself up in a
tomb, and when some young men, dressed up with death's

heads, came to frighten him at night, and suddenly appeared
to him while he was engaged in "writing, he did not even

look up, but called out to them, "Stop yourjoking" (p. 59).

This treatise, a very interesting one, concludes with tho

reflexion that truth and sound reason are the only remedies

for vain and superstitious terrors.

The dialogue Navigium sen Vota (nXoioi' ^ ev'x'"') gl^c^

an apparently authentic account of the measurements and
fittings of an Egyptian ship which has arrived with a cargo

of corn at tho Pirteus, driven out of its course to Italy by
adverse winds. The full length is 180 feet, the breadtli

nearly 50, the depth from deck to the bottom of the hold

43 feet. The "wishes" turn on a party of friends, who
have been to see the ship, declaring what they would most

desire to possess. One would have the ship filled with

gold, another a fine house with gold plate ; a third would

be a " tyrant " with a large force devoted to his interests ;'

a fourth would like to make himself invisible, enter any
house that ho pleased, and be transported through the air

to the objects of his affection. After hearing them all, the

first speaker, Lycinus (Lucian), says that he is content

with the privilege of laughing heartily at the vanity of

human wishes, especially when they are those of professed

philosophers.

The dialogue between Philo and Lycinus, Convivium seii

Lapithx, is a very amusing description of a banquet, at

which a party of dignified philosophers quarrelled over

their viands at a marriage feast, and came to blows. The
style is a good imitation of Kato, and the scene, reminds

one of the " clients' dinner " in the fifth satire of Juvenal.

One of the party is so irritated by taunts that he flings a

goblet half full of wine at the head of another, who retorts

by spitting in the face of the aggressor (p. 441). Matters

come to a climax by the attempt of one of the guests,

Zenothemis, to secure for himself a fatter fowl which had

been served to his next neighbour Hermon. Each seizes

bis bird and hits the other with it in the face, at the same
time pulling his beard. Then a general fight ensues, and

serious wounds are inflicted. The story is, of course, a

satire on philosophy, the favourite topic of a writer who
believed neither in gods nor in men.

The Piscator, a dialogue between Lucian, Socrates,

Pythagoras, Empedocles, Plato, and others, commences
with a general attack on the author as the enemy of

philosophy. Socrates proposes that the culprit should be

tried, and that Philosophia should as.sistin the prosecution.

Lucian declares that he does not knorf where such a person

lives, long aa he has been looking for her (§ 11). She is

found at hist, but declares Lucian haa never disparaged
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her, but only impostors and pretenders under her name
(§ 15). He makes a long defence (pp. 598-GOG), abusing

the philosophers in the sort of language in which some
siihools of theologians abuse the monks of the Middle
Ages (§ 3t). The trial is held in the Acropolis of Athens,

and the sham philosophers, dreading a verdict against

them, throw themselves from the rock. A C^'nic flings

away his scrip in the hurry, and on examination it is

found to contain, not books or loaves of bread, but golil

coins, dice, and fragrant essences (§ 44).'._ The title of

Fisherman is given to this witty treatise, because at the

end Lucian baits his hook with a fig and a gold coin, and
catches gluttonous strollers in the city while seated on the

wall of the Acropolis.

The Voyape Home (KararrAows) opens with the 'com-

plaint that Charon's boat is kept waiting for Hermes,
who soon appears with his troop of ghosts to be ferried

over the infernal river. Among them is a rvpawo^, one
Megapenthes, who, as his name is intended to express,

mourns greatly over the life he has just left. Amusing
appeals are made by other souls for leave to return fo life,

and even bribes are offered to the presiding goddess of

destiny, but Clotho is, of course, inexorable. The moral
of the piece is closely like that of the parable of Dives

and Lazarus : the rich and prosperous bewail their fate,

while the poor and afflicted find rest from their troubles,

and have no desire to return to them. The Ti'paiTos here

is the man clothed in purple and fine linen, and Lucian
shows the same bitter dislike of tyrants which Plato and
the tragic writers display. The heavy penalty is adjudged
to Megapenthes that he may ever remember in the other

world the misdeeds done in life.

The Sale of Lives is an auction held by Zeus to see what
price the lives of philosophers of the rival sects will bring.

A Pythagorean, who speaks in the Ionic, first iindergoes

an examination as to what he can teach, and this contains

an enumeration of the ^octrines usually ascribed to that

sect, including metempsychosis. He is valued at 7s. 6d.,

and is succeeded by Diogenes, who avows hin^self the

champion of truth, a cosmopolitan (§ 8), and the enemy
of pleasure. Socrates brings two talents, and is purchased
by Dion, tyrant of Syracuse (§ 19). Chrysippus, who
gives some specimens of his clever quibbles,^ is bought for

fifty pounds, Aristotle for nearly a hundred, while Pyrrho
the sceptic (or one of his school), who professes to "know
nothing," brings four pounds, "because he is dull and
stupid and has no more sense than a grub" (§ 27). But
thee man raises a doubt, "whether or not he has really

been bought," and refuses to go with the purchaser till

be has fully considered the matter.

,-Timon is a very amusing and witty dialogue. The
misanthrope, once • wealthy, has become a poor farm-
libourer, and reproaches Zeus for his indiflFerence to the
injustice of man. Zeus declares that the noisy disputes

in Attica have so disgusted him that he has not been
there for a long time (§ 9). He tells Hermes to conduct
Plutua to visit Timon, and see what can bo done to help

him. Plutus, who at first refuses to go, is persuaded after

a long conversation with Hermes, and Timon is found by
them digging in his field (§ 31). Poverty is unwilling to

resign her votary to wealth ; and Timon himself, who has
become a thorough misanthrope, objects to be made rich

again, and is with diflSculty persuaded to turn up with his

mattock a crock of gold coins. Now that he has once
more become rich, his former flatterers, who had long left

' E.g., § 25, "A stone is a body ; a living creature is a body ;"

you are a living creature ; therefore you are a stone." Asain > " Is

ever}/ body possessed of life?" "No." "Is a stone possessed of

life?" "No." " Are 2/011 a body !
" "Yes." " A licinj hoiiyl"

'." Yes." " Then, if a living body, you are not a stone."

him, com'e cringing with their congratulations and respects,
but they are all driven off with broken heads or pelted
with stones. Letween this dialogue and the Plutus of
Aristophanes there are many close resemblances.

,
Hermoiimiis {pp. 739-S31) is one of the longer dialogues,

Hermotimus, a student of the Stoic philosophy for twenty
years (§ 2), and Lucian (Lycinus) being the interlocutors.

The long time—forty years at the least—required for
climbing up to the temple of virtue and happiness, and
the short span of life, if any, left for the enjoyment of it,

are discussed. That the greatest philosophers do not
always attain perfect indifference, the Stoic vltimatmn, is

shown by the anecdote of one who dragged his pupil into
court to make him pay his fee {§ 9), and again by a
violent quarrel with another at a banquet (§11). Virtue
is compared to a city with just, and good, and contented
inhabitants ; but so many offer themselves as guides to the

right road to virtue that the inquirer is bewildered (§ 26).

What is truth, and who are the right teachers of it, still

remains undetermined. The question is argued at length,

and illustrated by a peculiar custom of watching the pairs

of athletes and setting aside the reserved combatant
(jrapcS/Dos) at the Olympian games by the marks on the

ballots (§§ 40-43). This, it is argued, cannot be done till

all the ballots have been examined ; so a man cannot select

the right way till ho has tried all the ways to virtue. But
to know the doctrines of all the sects is impossible in the
term of a life (§ 49). To take a taste of each, like trying
a sample of wine, will not do, because the doctrines taught
are not, like the crock of wine, the same throughout, but
vary or advance day by day (§ 5i>). A suggestion is made
(§ G8) that the searcher after truth should begin by taking
lessons in the science of discrimination, so as to be a good
judge of truth before testing the rival claims. But who
is a good teacher of such a science? (§ 70). The general

conclusion of this well-argued inquiry is that philosophy

is not worth the pursuit "If I ever again," says

Hermotimus, " meet a philosopher on the road, I will shun
him as I would a mad dog."

The Alexander or False Prophet is a severe exposure of

a clever rogue who seems to have incurred the personal

enmity of Lucian (pp. 208-265). Born at Abonoteichus in

Bithynia, a town on the southern shore of the Euxine, he
is denounced as having filled all the Pvoman province of

Asia with his villainy and plundering. Handsome, clever,

and unprincipled, he had been instructed in the arts of

imposture by one of the disciples of Apollonius of Tyana.

Trusting to the natural credulity of Asiatics (§ 9), he sets

up an oracle in his native town, having buried some brazen

tablets which pretended that .lEsculapius would bo wor-

shipped in a temple there. A long account is given of

the frauds and deceptions of this pretended hierophant,

and the narrative ends with his treacherous attempt to

drown Lucian off the coast of Amastris by a secret order

given to the pilot,—a design .which was frustrated by tJie

honesty of the man (§ 56).

The Anaeharsls is a dialogue between 'Solon and the

Scythian philosopher, who has come to Athens on purpose

to learn the nature of the Greek institutions. Seeing the

young men performing athletic exercises in the Lyceum,
he expresses his surprise at such a waste of energy and the

endurance of so much useless pain. This gives Socrates

an opportunity of descanting at length on training as a

discipline, and emulation as a motive for excelling. Love
of glory, Solon says, is one of the chief goods in life.

The argument is rather ingenious and well put ; the style,

reminds us of the minor essays of Xenophon.

In all, one hundred and twcuty-four e.xfant treatises of Lucian

(excluding about fifty epifirams and two iambic poems of no gre.'t

merit) aro considered, genuine. Wo have given utiitf. account of
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some of the longest and test, Ijut many others, e.g., PromePuns,
ifenippus, Life of Dcmcmax, Toxnria, Zeus Tragccdiis, The Bream
or the Cock, Icaroinenippus (an amusing satire on the physical

philosophere), are of considerable literary value. The excellent

edition of C. Jacobitz, in the Teubner series, which is furnished

with a very complete index, places the text in the student's hand
in a much more satisfactory state than has yet fallen to tlie lot of

Plutarch in his Opera Moralia. (F. A. P.)

LUCIAN, the martyr, was born, like the famous heathen

Writer of the same name, at Samosata. His parents, who
were Christians, died when he was in his twelft' year.

In his youth he studied under Macarius of Edessa, aud
after receiving baptism he adopted a strictly tscetic life,

and devoted himself with zeal to the continual study of

Scripture. Settling at Antioch, he became a presbyter, and,'

-while supporting himself by his skill as a swift writer,

became celebrated as a teacher, pupils crowding to him
from all quarters, so that he is regarded as the founder of

the famous theological school of Antioch. He did not

escape suspicion of heresy, and is represented as "the con-

necting link between Paul of Samosata and Arius. Indeed,

on the deposition of the former, he was excluded from
ecclesiastical fellowship by three successive bishops of

Antioch, while the latter seems to have been among his

pupils (Theodoret, S. E., i. 3, 4). He was, however,

restored before the outbreak of persecution, and the

reputation won by his high character and learning was
confirmed by his courageous martyrdom. He was carried

to Nicomedia before the cruel Maximin, and persisting in

his faith perished 312 a.d., under torture and hunger,

which he refused to satisfy with food offered to idols. His
remains were conveyed to Drepanum in Bithynia, and
under Constantino tho town was founded anew in his

honour with the name of Helenopolis, and exempted from
taxes by the emperor (327 a.d., see Chron. Pasck, Bonn
ed., p. 527). Here, on the day after Epiphany 387 A.d.

(the day on which his martyrdom was commemorated),
Chrysostom delivered the panegyrical homily from which,

•with notices in Eusebius (H. £., ix. 6), Theodoret (loc. cit.),

and the other ecclesiastical historians, the life by Jerome
[Vir. III., cap. 77), but especially from the account by S.

Metaphrastes (cited at length in Bernhardy's notes to

Suidas, t.v. voOivu), the facts above given are derived. See
also, for the celebration of his day in the Syriac churches,

Wright, Cat. of Syr. MSB., p. 283.

Jerome says, " Feruntur eiu3 de Fide libelli et 'breves ad non-
nnllos epistoloe "; but only a short fragment of one epistle 'remains
(Chron. Pasch., p. 516). The authorship of a confession of faith

ascribed to Lucian and put forth at the semi-Arian synod of
Antioch (341 a.d. ) is questioned. Lucian's most important liter-

ary labour was his edition of the Septuagint corrected by the
Hebrew text, which, according to Jerome {Adv. Ruf., ii 77), was in

current use from Constantinople to Antioch. That the edition of
Lucian is represented by the text used by Chrysostom and
Theodoret, as well as by certain extant JISS., such as the Arundeliau
of the British Museum, was proved by F. Field (Prol. ad Origenis

Hexapla, cap. ix.), who points out that Lucian filled up lacunae of

the Septuagint text as compared with the Hebrew from the other
Greek translations, that his method was harmonistic, and that he
sometimes indulged in paraphrastic additions and other changes.

Before the publication of Field's Hexapla, Lagarde liad already
directed his attention to the Antiochian text (as that of Lucian may
hecalled). Seehis Symmictt {\\. 142), a.niAnkundigungeiner'neuen
Ausg. d. gr. Uebcrsetsung des A. T. (1882), in which an edition of
this recension is promised, and the means for effecting it described.

The accomplishmeut of this task may be looked to as the first

step in the process of tracing backwards the history of the Septua-
gint.

From a statement of Jerome in his preface to the gospels it seems
probable that Lucian had also a share in fixing the Syrian recension
of the New Testament text, hut of tliis it is impossible to speak
with certainty. Compare the introductory volume of 'West-
cott and Hort's Kew Tcitament, p. 138.

LUCIFER, bishop of Cagliari ('lence called Calaritanus

or rather Caralitatius), an ardent supporter of the cause

oi Athanasius, after the unfavourable result of the synod

of Aries in 353 volunteered to go to the court and
endeavour to obtain a new and impartial council ; he was
accordingly sent by Pope Liberius, along with Pancratius
the presbyter and Hilarius the deacon, but did not suc-

ceed in preventing the condemnation of Athanasius, which
was renewed at Milan in 355. For his own persists

ent adherence to the orthodox creed he was banished
to Germanicia in Commagene ; he afterwards lived at

Eleutheropolis in Palestine, and finally in the upper
Thebaid. His exile camo to an end with the publication

of Julian's edict in ? J2. From 363 until his death in 371
he lived at Cagliari in a. state of voluntary separation from
ecclesiastical fellowship with his former friends Eusebius
of Vercelli, Athanasius, and the rest, on account of their

mild decision at the synod of Alexandria in 3G2 with

reference to the treatment of those who had unwillingly

Arianized under the persecutions of Constantius. The
Luciferian sect thus founded did not continue to subsist

long after the death of its leader. It is doubtful whether
it ever formulated any distinctive doctrine ; certainly it

developed none of any importance. The memory of

Lucifer is still cherished in Sardinia ; but, although popu-

larly regarded there as a saint, he has never been
canonized.

The controversial writings of Lucifer, dating from his exile, ai«

chiefly remarkable for tlieir passionate zeal and for the boldness and
violence of the language addressed to the reigning emperor, whom
he did not scruple to call the enemy of God aud a second Saul,

Ahab, and Jeroboam. Their titles, in the most probable chrono-
logical order, are De non parcendis in Deum dclinqttenlibus, J)t

rcgibus apostaticis, Ad Comlantium Augvstum pro Athanasio libri

ii. , De non conveniendo cum hmrcticis, and Moricndum ease pro
Filio Dei. Their quotations of Scripture are of considerable value to

the critical student of the Latin text before Jerome. They were
first collected and edited by Tilius (Paris, 1586), and afterwards re-

printed in the Bibliotheca Palrum (1618) ; the best edition is that ol

the brothers Colet (Venice, 1778).

LUCILIUS. Among the early Roman poets, of whose
writings only fragments have been preserved, Lucilius was
second in importance to Ennius. If he did not, like the epic

poet of the republic, touch the imagination of his country-

men, and give expression to their highest ideal of national

life, he exactly hit their ordinary mood, and expressed the

energetic, critical, and combative temper which they carried

into political and social life. He was thus regarded as

the most genuine literary 'representative of the pure

Roman spirit. The reputation which he enjoyed in the

best ages of Roman literature is proved by the terms in

which Cicero and Horace speak of him. Persius, Juvena),

and Quintilian vouch for the admiration with which he
was regarded in the first century of the empire. The
popularity which he enjoyed in his own time is attested

by the fact that at his death in 102 B.C., although he had
iilled none of the offices of state, he received the honour of

a public funeral.

His chief claim to distinction is his literary originality.

He alone among Roman writers established a new form of

composition. He may be called the inventor of poetical

satire, as he was the first to impress upon the rude inartistic

medley, known to the Romans by the name of satura, that

character of aggressive and censorious criticism of persons,

morals, manners, politics, literature, &e., which the word
satire has ever since denoted. In point of form the satire

of Lucilius owed nothing to the Greeks. It was a

legitimate development of an indigenous dramatic enter-

tainment, popular among the Romans before the first

introduction of the forms of Greek art among them ; and

it seems largely also to have sinployed the form of the

familiar epistle which circumstances had developed among
them about the time when Lucilius flourished. But the

style, substance, and spirit of his writings were apparently

as original as the form. He seems to have commenced hia
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poetical career by ridiculing and parodying the conventional
language of epic and tragic poetry, and to Lave used in his

own writings the language commonly employed in the social

intercourse of educated men. Even his frequent use of

Greek words, phrases, and quotations, reprehended by
Horace", was probably taken from the actual practice of

men, powerfully stimulated by the new learning, who
found their own speech as yet inadequate to give free

expression to the new ideas and impressions which they
derived from their first contact with Greek philosophy,

rhetoric, and poetry. Further, he not only created a style

of his, own, but, instead of taking the substance of his

writings from Greek poetry, or from a remote past, lie

treated of the familiar matters of daily life, of the personal

interests and peculiarities of himself or his contemporaries,

of the politics, the wars, the government of the provinces,

the administration of justice, the fashions and tastes, the

eating and drinking, the money-making and money-spend-
ing, the scandals and vices, the airs and affectations, which
made up the public and private life of Rome in the last

quarter of the second century before our era. This he did

in a singularly frank, independent, and courageous spirit,
'

with no private ambition to serve, or party cause to advance,

but with an honest desire to expose the iniquity or incom-

petence of the governing body, the sordid aims of the

middle class, and the corruption and venality of the city

mob. There was nothing of stoical austerity or of rhetorical

indignation in the tone in which he treated the vices and
follies of his time. His character and tastes were much
more akin to those of Horace than of either Persius or

Juvenal. But he was what Horace was not, a thoroughly

good hater ; and he lived at a time when the utmost freedom

of speech and the most unrestrained indulgence of public

and private animosity were the characteristics of men who
took a prominent part in affairs. Although Lucilius took

uo active part in the public life of his time, he regarded

it in the spirit, not of a recluse or a mere student of books,

but of a man of the world and of society, as well as a man
of, letters. His ideal of public virtue and private worth

had been formed by intimate association with the greatest

and best of the soldiers and statesmen of an older gener-

ation.

The dates assigned by Jerome for his birth and death

are,148 and 103 or 102 B.C. But it is impossible to

reconcile the first of these dates with other facts recorded

of, him. We learn from Velleius that he served under

Scipio at the* siege of Numantia in the year 134 B.C. We
learn from Horace that he lived on the most intimate

terms of friendship with Scipio and L?elius, and that he

celebrated the exploits and virtues of the former in his

satires. Fragments of those books of his satires which

seem to have been first given to the world (books

sxvi.-xxix.) clearly indicate that they were written in the

lifetime of Scipio. Some of these bring the poet before

us as either corresponding with, or engaged in controversial

QOnversation with, his great friend. One line

—

" Percrepa pugnara Popilli, facta Corneli cane
—

"

Id which the defeat of M. Popillius Lasnas, in 138 B.C., is

contrasted with the subsequent success of Scipio, bears

the stamp of having been written while the news of the

capture of Numantia was still fresh. It is in the highest

degree improbable that Lucilius served in the army at the

age of fourteen ; it is still more unlikely that he could have

been admitted into the familiar intimacy of Scipio and

Loclius at that age. It seems a moral impossibility that

between the age of fifteen and nineteen

—

i.e., between

133 B.C. and 129 B.C., the year of Scipio's death—he could

have come before the world as the author of an entirely

new kind of composition, and one which, to bo at all

successful, demands especially maturity of judgment and

experience. It may further be said that the well-known
words of Horace, in which he characterizes the vivid

portraiture of his life, character, and thoughts, which
Lucilius bequeathed to the world,

" quo fit ut omnia
Votiva rateat veluti dtscripta tabella
Vita seuis,"'

lose much of their force unless senis is to be taken in it3

ordinary sense,—which it cannot be if Lucilius died at the

age of forty-six. Two explanations have been given of the
error. One is that, from a similarity in the names of the

consuls for the years 180 and 148 B.C., Jerome had con-

fused the one year with the other, and thus that the date

of the birth of Lucilius must be thrown back thirty-two

years. He would thus have been nearly fifty when he
served at Numantia, and when he first began to write

satire. But the terms which Horace applies to the intimacy

of Lucilius and Scipio, such as "discincti ludere," indicate

the relations of an older to a much younger man ; and the

verve and tone of his satires are those of a man not so far

advanced in years as he would have been if born in the

year 180 B.C. A simpler explanation of the error is sup-

ported by Mr Munro, in the Journal of Philolof/y, No. xvL
He supposes that Jerome must have written the words

"anno xlvi" for "anno Isiv" or "Ixvi"; which would
make the birth of Lucilius eighteen or twenty years earlier

than that usually assigned. Lucilius would thus have

been about thirty three or thirty-five years of age when
he served at Numantia, and two or three years older when
he gave his first satires, to the world. As he lived for

about thirty years longer, and as he seems to have con-

tinued the composition of his satires during most of what

remained of his life, and as it was his practice to commit

to them all his private thoughts, the words of Horace

would naturally and truthfully describe the record of hisj

observation and experience between the age of thirty-five'

and his death. His birthplace was Suessa Aurunca ia

Campania, from which circumstance Juvenal describes him

as "magnus Auruncce alumnus." He belonged to the

equestrian order, a fact indicated by Horace's notice of

himself as "infra Lucili censum." He was granduncio

to Pompey, on the mother's side. Though not himself

belonging to any of the great senatorian families, he was

in a position to associate with them on equal terms, and^

to criticize them with independence. And this circum-

stance contributed to the boldness, originality, and

thoroughly national character of his literary work. Had

ho been a "eemi-Grascus," like Ennius and Pacuvius, or

of humble origin, like Plautus, Terence, or Accius,.he

would .scarcely have ventured, at a time when the

senatorian power was strongly in the ascendant, to revive

the role which had proved .disastrous to Nsevius ;
nor

would he have had the intimate knowledge of the political

and social life of his day which fitted him to be its painter.

Another circumstance determining the bent of his mind to

satire was the character of the time in which he began the

work of his life. The origin of Roman political and social

satire is to be traced to the same disturbing and disorganiz-

ing forces which led to the revolutionary projects and

legislation of the GracchL

The remains of Lviciliua extena to about eleven hundred lines.

But mucli tlio largest number of liis fragments are nnconnectod

lines, preserved by late grammarians, as illustrative of pcculiai

verbal usages. Uo was, for his time, a voluminous as well as a very

discursive writer. Ho left behind him thirty books of satires, and

there is reason to believe that each book, like the books of Horace

and Juvenal, was composed of different pieces. The order i" «}"<:"

they were known to the grammarians was not that m whieh_ they

were written. The earliest in order of composition were probably

J " And so it happens that the whole life of the old man ^stands

clearly before us, xs if it were represented on a votive picture.
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thoso numbered from xxvi. to xxix., which wore written in the

trochaic and iambic metres that had been employed by Enniiis

«ud Pacuviu3 in their Salurss. In these be made thoso criticisms

on the older tragic and epic poets of which Horace ^arid other

ancient writers spcal:. In them too he speaks of the Numantine

War as recently finished, and of Scipio as still living. Book i., on

the other hand, in which the philosopher Cameades, who died in

128 B.C., is spoken of as dead, must have been written after the

Jeath of Scipio. With the exception of books xxvi-xxix., and one

satire in which he seems Vo have made an experiment in the

unfamiliar elegiac metre, all the satii-es of Lucilius were written

in hexameters. So far as an opinion can be formed from a

number of unconnected fragments, he seems to have written the

trochaic tetrameter with a smoothness, clearness, and simplicity

which he never attained in handling the hexameter. The longer

fragments produce the impression of ^at discursiveness and care-

lessness, but at the same time of considerable force. The words of

Horace, "fluere lutulentum," seem exactly to express the character

of his style. He appears, in the composition of his various pieces,

to have followed no settled plan, but to have treated everything

that occurred to him in the most desultory fashion, sometimes

adopting the form of dialogue, sometimes that of an epistle or an im-

ntrinary discourse, and often to have spoken in his own name, giving

an account of his travels and adventures, or of amusing scenes that

he had witnessed, or expressing the results of his .private medita-

tions and experiences. Like Horace he largely illustrated his own
observations by personal anecdotes and fables.

_
The fragments

clearly show how often Horace has imitated him, not only in

expression, but in the form of his satires (sea for instance i. 5 and

ii. 2), in the topics frhich he treats of, and the class of social vices

and the types of character which he satirizes. For students of Latin

literature, the chief interest of studying the fragments of Lucilius

consists in the light which they throw on the aims and methods of

Horace in the composition of his satires, and, though not to tha

aame extent, of his epistles. But they are important also as

materials for linguistic study ; and they have a considerable his-

torical value as throwing light on the feeling, temper, circuin-

IBtances, and character of a most interesting time, of which there is

scarcely any other contemporary record.
'

The best edition of the Fragments is' that of L. Miiller (1872).

A collection of them by Lachmann has appeared since his death.

The emendation of these fragments still employs the ingenuity of

both German aud English scholars. Important contributions to

the subject- have been mads by Mr. Jlunro in the Journal of

Philology.' -(W. Y. S.)

liUCnJS, the name of tbree/popes,

Lucius' I, whose pontificate of about eight months

(253-54) fell between those of Cornelius and Stephen I,

had been one of the presbyters who accompanied Cornelius

when ha withdrew from Kome. After his own election

also he appears to have lived for some time in exile, but

ultimately to have been permitted to return. No facts of

his official life have been recorded, but he is referred to in

several letters of Cyprian as having been in agreement

with his predecessor Cornelius in preferring the milder

view on the question as to how the penitent lapsed should

be treated. The manner of his death is vincertain ; ac-

cording to some accounts he was decapitated. In the'

Caialogus Liberianus and in the Catalogus Corheiensis ho

is said to have been pope for more than three years ; but

there can be nO doubt of the correctness of the statement

of Eusebius, .that his pontificate was. of less than eight

months' duration. Like all the early popes he has been

canonized in the Church of Kome ; and he is commen.orated

as a martyr on March 4.

Lucius IL (Gherardo de Caccianimici), a Bolognese,

succeeded Celestine II. on March 4, 1144. Soon a.Uer his

accession the people of Eome chose a patrician, fo." whom
they claimed the temporal sovereignty; Lucius it the

head of the oligarchical party appsaled to armu, and

poiishcu in an attempt to storm the Capitol on Fijlruary

25, 1145. He was succeeded by Engenius IIL

Lucius IIL (Ubaldo Allucingoli), a native of Lucca,

was bishop of Ostia' and Velletri when he was chosen to

succeed Alexander III. on September 1, 1181. For six

months he lived at Home, but in March 1182 he was

driven forth by rebellion, and resumed his abode at

Velletri; he aiietwarda uvea at Aiiagni, and finally at

Verona. While at the last-named place he pronounced
sentence of excommunication agamst the Cathari, Paterines,

Humiliati, Waldensians, and Arnoldists in 1184; but

"left the papal thunders to their own unaided effects."

He died at Verona on November 25, 1185, and was suo^

ceeded by Urban III.

LUCKE, Gottfried Christian Fsiedrich (1791-

1855), theologian, was born on August 24, 1791, at

Egeln near Magdeburg, where his father was a merchant,

received his early education at the Magdeburg gymnasium,

and studied theology at Halle and Gbttrngeo .^1810-13).

In 1813 he became repetent at Gottingen, and in !814 he

received the degree of doctor in philosophy from Halle

;

in 1816 he removed to Berlin, where he became licentiate

in- theology, and qualified as "privatdocent." He soon

became intimate with Schleiermacher and De Wette,

and was associated with them in 1818 in the redaction

of the Theologuche Zeitschrift. Meanwhile his lectures

and publications (among tlie latter a Grundriss der

Neiitestamenflichoi Hermeneutik, 1816) had brought him
into considerable repute, and he was appointed professor

extraordinarius in the new university of Bonn in the

spring of 1818; in the following autumn he became

professor ordinarius. From Bonn, where he had August!,

Gioscler, and Nitzsch for colleagues, he -^was called to

Giittingcn to succeed Staudlin in 1 827. Here he remained,

declining all further calls elsewhere, as to Eriangen, Kiel,

Halle, Tubingen, Jena, and Leipsic, until his death, which

occurred on February 14, 1855.

Liicke, who was one of the most learned, many-sided, and influ-

ential of the eo-called "mediation" school of evangelical theo-

logians, is now known chiefly by his principal work, an Uxposilian

of the JVritinqs of St John, of which the first edition, in four

velumes, appeared in 1820-32 ; it has since passed through two new
and improved editions (the last volume of the third edition by

Bertheau, 1856). He is one of the most intelligent raaintainers of

the Johannine authorship of the Fourth Gospel ; in connexion with

this thesis he was one of the first to argue for the early date and

non-apostolio authorship of the Apocalypse.

LUCKENWALDE, a busy little town of Prussia, in the

province of Brandenburg, district of Potsdam, lies on the

river Nuthe and on the Berlin and Anhalt Railway, 30

miles tp the south-west of Berlin. Its cloth and wool manu-

factories are among the most extensive in Prussia', and it

also contains cottou-printing works, dye-works, machine

shops, and numerous other industrial establishments. The

population in 1880 was 14,706. The site of Luckenwalde

was occupied in the 12th century by a Cistercian monastery,

but the village did not spring up till the reign of Frederick

the Great. It was made a town in 1808.

LUCKNOW, a district of Oudh, in the division or

commissionership of Lucknow,! under the jurisdiction of

the lieutenant-governor of the North-Western Provinces,

India, lying between 26° 30' and .27° 9' 30" N. lat., and

between 80° 36' ^nd 81° 15' 30" E. long., is bounded on

the N. by Hardoi arid Sitdpur districts, on the E. by B4ra

BAnki, on the S. by EAi Bareli, and on the W. by Unao.

The general aspect of the country is that of an open

champaign, well studded with villages, finely wooded, and

in parts most fertile ' and highly cultivated. In the

vicinity of rivers, however, stretch extensive barren sandy

tracts (bkur), and there are many large sterile wastes of

saline efflorescence {mdr). The country is an almost dead

level throughout, the average slope, which is from north-

west to south-east, being less than a foot per mile. The

principal rivers are the Gumti and the SAi, with their

'i Lucknow division lies between 26° 9' and 27° 21' 5" N. lat. and

between 80° 5' and 81° 54' E. long., comprises the three districts of

lucknow, Unao, and Bara Binki, and has an area of 4480 square

miles of which 2520 are returned as under cultivation. The popula-

tion in 1869 was 2,838,106, viz., 2,449,763 Hiadus, 383,260 Mo-

hammedans, 4309 Eui-opcau3, aud 784 Eurasiapa,
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tributaries. The former enters the district from the north,

and, after passing Lucknow city, turns to the east and
enters BAra BAnki. The S4i forms the south-west bound-
ary of the district, running almost parallel with the Guniti.

The census of 1869 returned the population of the district at

970,625. Recent changes and transfers to and from other districts

have, however, taken place. Allomng for these, Lucknow contains
(according to the census of 1869) a population of 789,465 persons
(416,960 males and 372,505 females), spread over an area of 965
square miles. Hindus nnmber 614,276 ; Mohammedans, 167,184;
Christians, 4982 ; the remainder being madB up of unclassified

prisoners and jail officials. Four towns contain a population ex-

ceeding 6000 inhabitants, viz., Lucknow city, Amethi (7182),
Kakori (8220), Malihabdd (8026). The estimated area under culti-

vation is returned at 547 square miles. Three harvests are reaped
in the year, viz. ,' the rabiin spring, comprising wheat, barley, gram,
peas, gujai (a mixture of wheat and barley), and birra (a mixture
of barley and gram) ; the kharlf in the rainy season, comprising
irice, millets, sdnwdn, mandwd, kdkim, and Indian corn ; and the
henwal in the autumn, consisting oljoar, bdjra, mdsh, mt'tng, moth,
inasur, and labia. In addition, there are valuable crops of tobacco,

opium, cotton, spices, and vegetables. Irrigation is carried on by
means of rivers, tanks, and wells. The cultivators are almost all

deeply in debt, and under advances of seed grain from their land-
lords. Wages have remained stationary in the country, but have
decreased in the city owing to its diminished wealth and population
since the departure of the Oudh court. The price of food, on the
other hand, has materially risen of late years. When not paid in

grain, an ordinary agricultural labourer receives about IJd. a day.
Artisans, such as smiths and carpenters, receive 44d. a day forwork
in their own villages, or 6d. a day if called away from their homes.
Famines have occurred in Lucknow in 1769, 1784-86, and 1837, and
severe scarcities in 1861, 1865-66, 1869, and 1873—all caused by
drought. The district is well provided with communications by
road, river, and railway. Three imperial lines of road branch out
south, east, and north to Cawnpur, Faizabad, and Sitapur, metalled
and bridged throughout, and comprising, exclusive of the roads in

Lucknow city and cantonments, a length of about 500 miles. There
are also seven principal lotal lines of road. Kiver communication
is not much used. The line of railway is comprised in the Oudh
and Rohilkhand railway system. The entire length of railway

communication is 52 miles. Manufactures are mainly confined to

Lucknow city. In the country towns are a few weavers, dyers,

bangle-makers, brass-workers, and potters. Cotton weaving has
greatly declined since the introduction of Faropean piece-goods.

The principal imports are food-stuffs, piece-goods, arms, hardware,
glass, crockery, and salt; while mushns, embroidery, cotton prinls,

brass vessels, lace, tobacco, &c., are exported. The district is ad-
ministered by a deputy commissioner, aided by a magistrate in

charge of the city, and a second in the cantonments, one or two
assistant commissioners, three extra assistant commissioners, three
tahsllddrs, and four honorary magistrates. Besides, there are a
civil judge and a small-cause court judge, who have no criminal or
revenue powers. The total imperial and local revenue of Lucknow
district in 1871-72 amounted to £162,926, and the expenditure to

£70,534 ; the Government land revenue v.as £70,580. E.xcluding
Lucknow city, the schools consist of one Anglo-vernacular middle
class, five vernacular middle class, and seventy-one primary schools.

The prevailing endemic diseases are fevers, skin diseases, and bowel
complaints. Cholera is seldom absent. Small-pox is also an annual
visitant. The average annual n infall is 37 '6 inches, and the mean
annual temperature 78" '8 Fahr.

Lucknow, capital of the above district, and of the pro-

vince of Oudh, in 26° 52' N. lat., 80° 58' E. long., is

distant from Cawnpur 42 miles, from Benares 199 miles,

and from Calcutta 610 miles, and has an area of 13 square

miles. It ranks fourth in size among Indian cities, being

only surpassed by the presidency capitals of Calcutta,

Madras, and Bombay. , It stands on both banks of the

Gumti, mostly on the western side, the river being spanned
by four bridges, two of them built by native rulers and
two since the British annexation in 1856. Viewed from
a distance, the city presents a picture of unusual magni-
ficence and architectural splendour, which fades on nearer

view into something more like the ordinary aspect of a
crowded Oriental town. From the new bridge across the

Gumti, the city seems to be embedded in trees. High
up the river the ancient stone bridge of Asaf-ud-daul4

irosses the stream. <ij To its left rise the walls of the

Jfachl Blidwan fort, enclosing the Lachjnan i'lld (Lach-

luan's hill), the earliest. inhabited spot in..tlie. city, {fo^

35-5

which it derives its modern name. Close by, the immense
Imdmbdra, or mausoleum of Asaf-ud-daul.i, towers above
the surrounding buildings. Farther in the distance, the
lofty minarets of the Jamd Jfasjid or "cathedral mosque"
overlook the city ; while nearer again, on the same side of
the river, the ruined walls of the residency, with its

memorial cross, recall the heroic defence made by the
British garrison in 1857. In front, close to the water's
edge, the Chattar Manzil palace, a huge and irregular pile
of buildings, crowned by gilt umbrellas, glitters gaudily in
the sunlight ; while to the left, at some little distance, two
mausoleums flank the entrance to the Kaisar BAgh, the
last of the overgrown palaces built by the exiled dynasty of
Oudh. Still more picturesque panoramas may be obtained
from any of the numerous towers and cupolas which
abound in every quarter. But a nearer examination shows
that Lucknow does not correspond in its interior arrange-
ments to its brilliant appearance from a little distance.
Nevertheless, many of its streets are broader and finer

than those of most Indian towns ; and the clearance
effected for military purposes after the mutiny has been
instrumental in greatly improving both the aspect and the
sanitary condition of the city. A glacis half a mile broad
surrounds the fort; and three military roads, radiating
from this point as a centre, cut right through the heart of

the native quarter, often at an elevation of some 30 feet

above the neighbouring streets. Three other main roads
also branch out from the same point, one leading across

the bridge, and the others along the banks of the GumtL
The residency crowns a picturesque eminence, the chief

ornament of the city, containing, besides many ruined
waUs, an old mosque and a magnificent banyan tree. An
arti6cial mound rises near at hand, its sides gay with.

parterres of flowers, while in the rear, half hidden by the

feathery foliage of gigantic bamboos, the graveyard covers

the remains of some 2000 Europeans, who perished in

1857. The cantonments lie 3 miles to the south-east of

the city.

Tlie population of Lucknow, including the cantonments, was
returned by the census of 1869 at 284,779. The native civil popu-
lation consisted of 273,126, viz., 161,739 Hindus and 111,387
Mohammedans. There were also 3648 native soldiers, 4222
Europeans, 760 Eurasians, and 3023 prisoners and jail officials. The
traffi^c of Oudh flows southwards throngli Lucknow to Cawnpur.
Large quantities of grain and timber come in from the trans-Gogra

districts to the north, while raw cotton, iron, and imported goods
from the south and east are sent in exchange. In 1869-70 goods
to the value of nearly three quarters of a million sterling paid taxes

at the octroi office. The chief municipal taxable articles are food

stuffs, (jhi, gilr or molasses, sugar, spices, oihseeds, and tobacco;

besides a large quantity of European manufactured articles brought
into the town. Of the total municipal revenue in 1870-71 (£20,018),

£16,230 was derived from octroi. Lucknow muslins and other

textile fabrics have a high rejiutation. Gold and silver brocade,

however, forms the leading manufacture. It is used for the

numerous purposes of Indian pomp, and has a considerable market
even in Europe. The gorgeous needlework embroidery upon velvet

and cotton, with gold thread, threjid and coloured silks, furnishes

employment to many hands. Lucknow jewellery, once very famous,

has declined since the departure of the native court. Glass work
and moulding in clay still maintain their original excellence. A
Kashmiri colony has introduced a small manufacture of shawls.

The Oudh and Rohilkhand Railway, with its branches, hosacentral

station in Lucknow, and gives direct communication with Eenares,

Bareilly, and Cawnpur, as well as connecting with the great trunk
lines to Calcutta, Bombay, and tho Punjab. Before tne amalga-

mation of Oudh with the Nortli-Western Provinces in 1877, Luck-
now formed the residence of the chief commissioner and his staff,

and it still ranks as the headquarters of officials whose authority

extends over the whole province. The principal medical institu-

tions arc tlie King's liospital, Balrampur hospital. Government dis-

pensary and lunatic asylum. The leading educntional establish-

ments are the Canning college, Martiniire college, Ward's institu-

tion, Loretto convent, and a number of schools under the charge
of the Church of England and American missions.

Hiilorij.—The most interesting event in the modern history of

l-ucknow is the siege during the mutiny of 1857-58. Symptoms
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of disaffection occurred la B:irly as April 1857, and Sir Henry
Lawrence immediately to'jk Bteps to meet the danger by fortifying

the residency and accumulating stores. On the night of the 30th

May the expected insurrection broke out ; the men of the 71st

regiment of native infantry, with a few from the other regiments,

began, to burn the bungalows of their officers, and to murder the

inmates, but were dispersed by the European force and fled

towards Sitdpur. Though the city thus remained in the hands of

the British, the symptoms of disaffection amongst the remaining

native troops were unmistakable, and on June 11 the military

police and native cavalry broke into open revolt, followed on the

succeeding morning by the native infantry. On the 20th news of

the fall of Cawnpur arrived ; and on the 29th occurred the failure

of Lawrence's attack upon the advancing enemy, in consequence

of which the British troops fell back on Lucknow, abandoned the

Machi Bhawan, and concentrated all their strength upon the resi-

dency. The siege of the enclosure began upon July 1. Three un-

successful assaults wore made by the mutineers on July 20, August

10, and August 18 ; but meanwhile the British within were dwind-

ling away. On September 5 news of the relieving force under
Outram and Havelock reached the garrison, and on the 22d the

relief arrived at the AlambAgh, a walled garden on the Cawnpur
road held by the enemy in force. Havelock stormed the Alambagh,
and on the 25th fought his way with continuous opposition through

the narrow lanes of the city. On the 26th he arrived at the gate of

the residency enclosure, and was welcomed by the gallant defenders

within. The sufferings of the besieged had been very great ; but

even after the Erst relief it became clear that Lucknow could only

be temporarily defended till the arrival of further reinforcements

should allow the garrison to cut its way out. Night and day the

enemy kept up a continual firing against the British position, while

Outram, who had reassumed the command which he yielded to Have-
lock during the relief, retaliated by frequent sorties. Throughout

October the garrison continued its gallant defence, and a small

party, shut up in the Alambagh, and cut off unexpectedly from the

main body, also contrived to hold good its dangerous post. Mean-
while Sir Colin Campbell's force had advanced from Cawnpur, and

arrived at the Alambagh on the 10th of November. The Alambagh,

the Dilkusha palace, south-east of the town, the Martiniexe, and the

Sikanurtk Bagh, the chief rebel stronghold, were successively carried

in the course of the six following days, and the second relief was .suc-

cessfully accomplished. Even BOW, however, it remained impos-

sible to hold Lucknow, and Sir Colin Campbell determined, before

undertaking any further offensive operations, to rehlrn to Cawnpur
with his army, escorting the civilians, ladies, and children rescued

from tlieix long imprisonmeiit in the residency, with the view of

forwarding them to Calcutta. On the morning of the 20th Nov-
ember the troops received orders to march for the Alambagh ; and

the residency, the scene of so long and stirring a defence, was aban-

doned for a while to the rebel army. Outram with 3500 men held the

ilamMghuntil the commander-in-chief could return to recaptuie the

capital. The rebels in great strength again surrounded the greater

])art of the city, for a circuit of 20 miles, with an external line of

defence. On the 2d of March 1858 Sir Colin Campbell found

himself free enough in the rear to march once more upon Lucknojv.

He first occupied the Dilkusha, and posted guns to command the

Martiniere. On the 5th Brigadier Franks arrived with 600C men;
Outram's force then crossed the Gumti, and advanced fro:t> the

direction of Eaiz^bad, while the main body attacked from the south-

east. After a week's hard fighting, March 9-15, the rebels were

completely defeated, and their posts captured one by one.

LUCRETIUS (T. Lucketius Caeub), more than any

of the great Roman writers, has acquired a new interest in

the present day. This result is due, not so much to a truer

perception of the force and purity of his style, of the

majesty and pathos of his poetry, or of the great sincerity

of his nature, as to the recognition of the relation of his

subject to many of the questions on which speculative

curiosity is now engaged. It would be misleading to

•peak of him, or of the Greek philosophers whose tenets

he expounds, as anticipating the more advanced scientific

hypotheses of modern times. But it is in his poem that

we find the most complete account of the chief effort of

the ancient mind to explain the beginning of things, and

to understand the course of nature and man's relation to

it. Physical philosophy in the present day is occupied

witli the game problems as Miose whicTi are discussed in

the first two book? of the De Herum Natura. The

renewed curiosity as to the origin of life, the primitive

condition of man, and his progtes^va advance to civiliza-

tion finds an attraction in the treatment of the same

subjects in the fifth book. The old war between science

and theology, which has been revived in the presenE
generation, is fought, though with different weapons, yet
in the same ardent and uncompromising spirit tbrougliout
the whole poem, as it is in the writings of living thinkers.

In comparing the controversies of the present day with
those of' which we find the record in Lucretius, we are
reminded of the poet's own description of the war of
elements in the world,

—

" Denique, tautopere inter se cum maxima niundi
Pugnent membra,' pio nequaquam concita bcllo.

Nonne vides aliquam longi certaminis ollis

Posse dari finem !" '

But this concurrence with the stream of speculation in

the present day is really the least of his permanent claims

on the attention of the world. His position both among
ancient and modern writers is unique. No one else com-
bines in the same degree the contemplative enthusiasm of

a philosopher, the earnest purpose of a reformer and moral

teacher, and the profound pathos and sense of beauty of a

great poet. He stands alone among his countrymen as

much in the ardour with which he observes and reasons

on the processes of nature as in the elevation of feeling

with which he recognizes the majesty of her laws, and the

vivid sympathy with which he interprets the manifold

variety of her life. It would have been an instructive

study to have traced some connexion between his personal

circumstances and the intellectual and moral position

which he holds. We naturally ask what influence of

teachers in Rome or Athens first attracted him to this

study and observation of natbral phenomena, what early

impressions or experience gave so sombre a colouring to

his view of life, how far the delight, so strange in an.

ancient Roman, which he seems to find in a kind of recluse

communion with nature, and the spirit of pathetic or

indignant satire in which he treats -the more violent phases

of passion and the more extravagant modes of luxury, was

a recoil from the fascination of pleasures in which his con-

temporaries and equals freely indulged. We should like

also to know how far the serene heights which he professed

to have attained procured him exemption from or allevia-

tion of the actual sorrows of life. But such questions,

suggested' by the strong interest which the impress "f

personal feeling and character stamped on the poem

awakens in the reader, can only be raised ; there are no

ascertained facts by which they can be settled. There is

no ancient poet, with the exception of Homer, of whoss

history so little is positively known. Unlike Catullus,

Horace, Virgil, Cicero, Tacitus, and nearly all the great

Roman writers, he is absolutely silent on the subject of

his own position and fortunes. Nor is this silence com-

pensated by any personal reference to him in the works of

his two eminent contemporaries by whom the social life of

their age is so amply illustrated, Cicero and Catullus,

although it is certain that each of them read his poem

almost immediately after it was given to the world. The

great poets of the following ages were influenced by his

genius, bnt they tell us nothing as to his -career. So con-

sistently does he seem to have followed the maxim of his

master, " Pass through life unnoticed," and to have realized,

in the midst of the excited political, intellectual, and

social life of the last years of the republic, the ideal of

those "who do not wish to be known even while living." '

Our sole information concerning his life is found itl the

brief summary of Jerome, written more than four centuries

after the poet's death. Scholars are now agreed that in

these summaries, added to his translation of the Eusebian

I " In fine, as the mightiest members of the world are battling

fiercely togetlier in an unl]allowed feud, seest thou not that some end

of the long warfare may be reached by them ?

"

> Quoted from Pliny by 11. Martha in Le Poeme de Lucrice.
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C!Ii»onicle, Jerome followed, often carelesslyand inaccurately,

the accounts contained in the lost work of Suetonius De
Viris Illustrihus. But that work was written about two

centuries after the death of I^ucretius ; and, although it is

likely that Suetonius used the information transmitted by
Barliet grammarians, there is nothing to guide us to the

original sources from which the tradition concerning the

life of Lucretius was derived. The strange character of

the story which has been transmitted to us, and the want

of any support to it from external evidence, oblige ns to

receive it with a certain reserve.

According to this account the poet was born in the year

94 B.C.; he became mad ("in furorem versus") in conse-

quence of the administration of a love-philtre ; and after

composing several books in his lucid intervals, which were

aubsequently corrected by Cicero, he died by his own hand

in the forty-fourth year of his age. The statement of

Donatus in his life of Virgil, a work also based on the

lost work of Suetonius, that Lucretius died on the 15th of

October 55 B.C., the same day on which Virgil assumed the

toga virilis, is inconsistent either with the date assigned

for the poet's birth or with the age at which he is said to

have died. A single mention of the poem (which from

the condition in which it has reached us may be assumed

to have been published posthumously) in a letter of

Cicero's, written early in 54 B.C., is confirmatory of the

date given by Donatu'; as that of the poet's death. Similar

errors in chronology are common in the summaries of

Jerome ; and, where there is an inconsistency between the

date assigned for the birth of any author and the age at

which he is said to have died (as, for instance, in the case

of Catullus), there are grounds for believing that the error

lies in the first date. Taking the statements of Donatus

and of Jerome together, we may consider it probable that

Lucretius died in the October of 55 B.C., in the forty-fourth

year of his age, and that he was born either late in the

year 99 B.C. or early in the year 98 B.C. Ho would thus

be about seven years younger than Cicero, a year or two
younger than Julius Caesar, about the same age as

Memmius, to whom the poem is dedicated, and about
fifteen years older than Catullus and Calvus, the younger
poets of his generation, from whom he is widely separated

both by his more archaic style and rhythm and by the greater

seriousness of his art and the more earnest dignity of his

•haracter. The other statements of Jerome have been
questioned or disbelieved on the ground of their intrinsic

improbability. They have been regarded as a fiction

invented in a later time by the enemies of Epicureanism,
with the view of discrediting the most powerful work
ever produced by any disciple of that sect. It is more in

conformity with ancient credulity than with modem science

to attribute a permanent tendency to derangement to the

accidental administration of any drug, however potent. A
work characterized by such strength, consistency, and con-

tinuity of thought is not likely to have been composed
*' per intervalla insaniae." Donatus, in mentioning the poet's

death, gives no hint of the act of suicide. Tlie poets of the
Augustan age, who were deeply interested both in his

philosophy and his poetry, are entirely silent about the

tragical story of his life. Cicero, by his professed anta-

gonism to the doctrines of Epicurus, by his inadequate
appreciation of Lucretius himself, and by the indifference

which he shows to other contemporary poets, seems to

have been neither fitted for the task of correcting the

anfiiiiahed work of a writer whose genius was so distinct

from his own, nor likely to have cordially undertaken such

a task.

Yet these considerations do not lead to the absolute

rejection of the story as a pure invention of a hostile

jtnd uncritical The evidence afforded \>j the

poem rather leads to the eonclnsion that the traditioo

contains some germ of fact. We need not attach ary
importance to the supposed eflBcacy of the love-philtre in

producing mental alienation, nor are we called upco to

think of Lucretius as one liable to recurring fits of insanity,

in the ordinary sense of the word. But it is remarkable,
as viras first observed by Mr Munro, his English editor,

that in more than one passage of his poem he writes with
extraordinary vividness of the impression produced both
by dreams and by waking visions. It is true that the
philosophy of Epicurus put great stress on these, as

affording the explanation of the origin of supernatural

beliers. But the insistence with which Lucretius returns

to th-) subject, and the horror with which he recalls the

effects of such abnormal phenomena, suggest the inference

that he himself may have been liable to such hallucinations,

which are said to be consistent with perfect sanity, though
they may be the precursors either of madness or of a state

of despair and melancholy which pften ends in suicide.'

Other passages in his poem, as, for instance, the lines

" No3 agere hoc autem, et naturam quserere rerum,
Semper et inventam patriis exponere chartis,"'

where he describes himself as ever engaged, even in his

dreams, on his task of inquiry and composition, produce

the impression of an unrelieved strain of mind and feeling,

which may have ended in some extreme reaction of spirit,

or in some failure of intellectual power, from the conscious-

ness of which he may, in accordance with examples which

he himself quotes, have taken refuge in suicide. But the

strongest confirmation of the existence of some germ of

fact in the tradition is found in the unfinished condition

in which the poem has reached us. The subject appears

indeed to have been fully treated in accordance with the

plan sketched out in the introduction to the first book.

But that book is the only one which is finished in style

and in the arrangement of its matter. In all the others,

and especially in the last three, the continuity of the argu-

ment is frequently broken by passages which must have

been inserted after the first draft of the arguments was

written out. Thus, for instance, in his account of the

transition from savage to civilized life, he assumes at v.

1011 the discovery of the use of skins, fire, <fec., and the

first beginning of civil society, and proceeds at 1028 to

explain the origin of language, and then again returns,

from 1090 to 1160, to speculate upon the first use of fire

and the earliest stages of political life. These breaks in

the continuity of the argument show what might also be

inferred from frequent repetitions of lines which have

appeared- earlier in the poem, and from the rough work-

manship of passages in the later books, that the poem

could not have received the final revision of the author,

and must have been given to the world by some editor

after his death. Nor is there any great difficulty -in

believing that that editor was Cicero.. It is not necessary

to press the meaning of the word ".emendavit" as applied

to the task fulfilled by him. Cicero certainly was incap-

able of " improving " any of the poetry of Lucretius, and the

slight mention which he makes of the poem in a letter to

his brother (" the poem of Lucretius is, as you describe it,'

a work not of much genius but of much art " ') seems to

imply that he was not very capable of appreciating it.

But other motiv'es, besides appreciation of the poet's

genius or sympathy with his doctrines, may have induced

> Cf. Forlnightly Meview, September 1878.
3 " While I seem to.be ever busily plying this task, to be fnqniring

into the nature of things, and to be expounding my discoveries by

writings in. my native tongue."
' The rending is so uncertain that it ia doubtful whether it is tno

claim of genius or of art that Cicero refuses to concede. Some inter-

pretations of the passage imply that he conceded both.
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him to undertake a task which has not been very success-

fully performed. It may be remarked further that

scepticism as to statements about their lives is less

•warranted in the case of the great Roman than of the

great Greek writers, from the fact that the v^ork of

criticism went on at Rome contemporaneously with the

progress of origiual creation, and that the line of gram-

marians and commentators by whom these statements were

transmitted continued unbroken almost from the first

beginning of Latin literature.

We find in the instance of nearly all the other Latin

poets, even of the most obscure among them, that their

birthplace has been recorded, and it has often been

remarked that Latin poetry was an Italian and provincial

rather than a purely j Roman product. From the absence

of any claim on the part of any other district of Italy

to the honour of having given birth to Lucretius it is

inferred that he was an exception to the rule, and was
of purely Roman origin. No writer certainly is more
purely Roman in personal character and in strength of

understanding. He seems to speak of Rome as his

native state iu such expressions as, " patriai tempore
iniquo," " patrii sermonis egestas," anJ "patriis chartis."

His silence on the subject of Toman greatness and
glory as contrasted with the piomirence of these sub-

jects in the poetry of men of provincial birth such as

Ennius, Virgil, and Horace, may be explained by the

principle that the familiarity of long-inherited traditions

had made the subject one of less wonder and novelty to

him. The Lucretian gens to which he belonged was one
of the oldest of the great Roman house.=i, nor do we hear
of the name, as we do of other great family names, as

being diffused over other parts of Italy, or as designating

men of obscure or servile origin. It seems from the
evidence of the name, confirmed by the tone in which he
writes, as probable aa any such inference can be that

Lucretius was a member of the Roman aristocracy, belong-

ing either to a senatorian or to one of the great equestrian

families, living in easy circumstances, and familiar with
the spectacle of luxury and artistic enjoyment which the

great houses of Rome and the great country houses in the
most beautiful parts of Italy presented. If the Roman
aristocracy of his time had lost much of the virtue and of

the governing qualities of their ancestors, they showed in

the last years before the establishment of monarchy a taste

for intellectual culture which might have made Rome as

great in literature as in arms and law, if the republic could
have continued. The discussions which Cicero puts in the
mouth of Velleius, Cotta, &c., indicate the new taste for

philosophy developed among members of the governing
class during the youth of Lucretius; and we hear of

eminent Greek teachers of the Epicurean sect being
settled at Rome at the same time, and living on terms of

intimacy with them. The inference that Lucretius be-

longed to this class, and shared in the liberal culture
which it received, is confirmed by the tone in which he
addresses Memmius, a man of an eminent senatorian

family, and of considerable oratorical and poetical accom-
plishment, to whom the poem is dedicated. His tone to

Memmius is quite unlike that in which Virgil or even
Horace addresses Mrecenas. He addresses him as an
equal ; he expresses sympathy with the prominent part
his friend played in public life, and admiration for his

varied accomplishment, but on his own subject claims to

si>ca'.c to him in the tones of authority.

Although our conception of the poet's life and circum-
stances is necessarily vague and meagre, yet his personal
force is so remarkable and so vividly impiessed on his

poem, and his language bears so unmistakably the
stamp of sincerity, that we seem able to form a consistent

idea of his tastes and habits, his sympathies and convic-

tions, his moral and emotional nature. If we know nothing

of the particular experience which determined his passionate

adherence to the Epicurean creed and his attitude of spiritual

and social isolation from the ordinary course of Roman life

and belief, we can at least say that the choice of a contem-

plative life was not the result of indifference to the fate of

the world, or of any natural coldness or even calmness of

temperament. In some of his most powerful poetry, as in

the opening lines of the second and of the third books, we
can mark the strong recoil of a humane and sensitive spirit

from the horrors of the reign of terror which he witnessed

in his youth, and from the anarchy and confusion which

prevailed at Rome during the later years of his life ; while

his vivid realization of the pains and disappointments of

passion, of the unsatisfying nature of all violent emutioo,

and of the restlessness and weariness of life which excessive

luxury entails, suggest at least the inference that he had

not been through his whole career so much estranged from

the social life of his day as he seems to have been in his

later years. Passages in his poem attest his familiarity

with the pomp and luxury of city life, with the attractions

of the public games, and with the pageantry of great

military spectacles. But much the greater mass cf the

illustrations of his philosophy scattered through the poem

indicate that, while engaged in its composition, and in the

studies preparatory to it, he must have lived in the country

or by the sea-shore, and that he must have passed much of

his time in the open air, exercising at once the keen observa-

tion of a naturalist and the contemplative vision of a poet.

He shows a fellow feeling with the habits and moods of

the animals associated with human toil and adventure.

He seems to have found a pleasure, more congenial to the

modern than to the ancient temperament, in ascending

mountains or wandering among their solitudes (vi. 469,

iv. 575). References to companionship in these wander-

ings, and the well-known description of the charm of a

rustic meal (ii. 29) enjoyed with comrades amid beautiful

scenery and in fine weather, speak of kindly sociality

rather than of any austere separation from his fellows.

Other expressions in his poem (e.g., iii. 10, <fec.) imply

that he was an ardent student of books, as well as a

sympathetic observer of outward phenomena. Foremost

among these were the writings of his master Epicurus

;

I

but he had also an intimate knowledge and appreciation

1 of the philosophical poem of Empedocles, and at least an

acquaintance with the works of Democritus, Anasagoras.

I

HeracLitus, Plato, and the Stoical writers. Of other Greek

prose writers he knew Thucydides and Hippocrates ; while

of the poets he expresses in more than one passage the

highest admiration of Homer, whom he has imitated in

several placea Next to Homer Euripides is most fre-

quently reproduced by him. There is an evident struggle

between the impulses of his imaginative temperan>eit,

prompting him to recognize the supremacy of the g'^eat

masters in art and poetry, and the influence of 'he teach-

ing of Epicurus, in accordance with which the old poets

and painters of Greece are condemned as the authors and

propagators of false ideas both of nature and the gods.

But his poetical sympathy was not limited to the poets of

Greece. For his own countryman Ennius he expresses an
affectionate admiration ; and he imitates his language, his

rhythm, and his manner in many places. The fragments

of the old tragedian Pacuvius and of the satirist Lucilius

show that Lucretius had made use of their expressions and
materials. In. his studies he was attracted by the older

writers, both Greek and Roman, in whose masculine

temperament and understanding he recognized an affinity

with his own. He had a most enthusiastic admiration

for genius, especially when exercised in the investiga
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tion and discovery of trutb. His devotion to Epicurus

eeenls at first sight more difficult to explain than his

enthusiasm for Empedocles or Ennius. Probably he
found in his calmness of temperament, in his natural or

acquired indifference to all violent emotion, even in his

want of imagination, a sense of rest and of exemption

from the disturbing influences of life which the passionate

heart of the poet denied himself ; while in his physical

philosophy he found both an answ er to the questions which
perplexed him and an inexhaustible stimulus to his intel-

lectual curiosity. The combative energy, the sense of

superiority, the spirit of satire, characteristic of him as a

Roman, unite with his loyalty to Epicurus to render him
not only polemical but intolerant and contemptuous in his

tone toward the great antagonists of his system, the Stoics,

whom, while constantly referring to them, he does not

condescend even to name. With his admiration of the

genius of others he combines a strong sense of his own
power. He is quite conscious of the great importance and
of the difficulty of his task ; but he feels his own ability

to cope with it. Ho has the keenest capacity for intel-

lectual pleasure, and speaks of the constant charm which
he found both in the collection of his materials and in the

exercise of his art If his mind was overstrained by the

incessant devotion to his task of which he speaks, he allows

no expression of fatigue or discouragement to escape from
him. The ardour of study, the delight in contemplative
thought, the " sweet love of the muses," the " great hope
"^ fame," all combined to bear him buoyantly through all

the difficulties and fatigues of his long and lonely

adventure.

It is more difficult to infer the moral than the intellectual

characteristics of a great writer from the personal impress
left by him on his work. Yet it is not too much to say
that there is no work in any literature that produces a
profounder impression of sincerity. No writer shows a
juster scorn of all mere rhetoric and exaggeration. This
is one of the main causes of the spell which the poem
exercises over us. By no Stoic even could the doctrine of
independence of the world, and of the superiority of

simplicity over show and luxury, be more forcibly and
consistently inculcated. No one shows truer courage, not
marred by irreverence, in confronting the great problems
of human destiny, or greater strength in triumphing over
human weakness. No one shows a truer humanity and a
more tender sympathy with natural sorrow. In reverence
for the sanctities of human affection, Virgil alone is his
equal, nor is it an unlikely surmise that it was to the power
of this sentiment, and the influence which it had on his
relation with others, that he owed the cognomen of
" Carus "1 or the " beloved."

The peculiarity of the poem of Lucretius, that which
makes it unique in literature, is that it is a reasoned system
of philosophy, written in verse. The subject was chosen
and the method of exposition adopted, not primarily with
the idea of moving and satisfying thie imagination, but
of communicating truth. The prosaic title De lierum
Natura, a translation of ihe Greek Trtpl ^v'o-tws, implies
the subordination of the artistic to a speculative motive.
As in the case of nearly all the great works of Roman
literary genius, the form of the poem was borrowed from
the Greeks. The rise of speculative philosophy in Greece
was coincident with the beginning of prose composition,
and many of the earliest philosophers gave their thoughts
to the world in the prose of the Ionic dialect ; others
however, and especially the writers of the Greek colonies
in Italy and Sicily, expounded their systems in continuous
poems composed in the epic hexameter. These writers

• Cf. Martha, Le fovme de Lucrice, p. 28.

ilo>irished in the beginning and first half of the 5th century
B.C.,—che great awakening time of the intellectual,

imaginative, and artistic faculties of the ancient world.

The names most famous in connexion with this kind of

poetry are those of Xenophanes and Parmenides, the
Eleatics, and that of Empedocles of Agrigentum. The
last was less important as a philosopher, but greater than
the others both as a poet and a physicist. On both of

these grounds he had a greater attraction to Lucretius.
The fragments of the poem of Empedocles show that the
Roman poet regarded that work as his model In accord-
ance with this model he has given to his own poem the
form of a personal address, be has developed his argument
systematically, and has applied the sustained impeti>-, of

epic poetry to the treatment of some of the driest and
abstrusest topics. Many ideas and expressions of the

SicUian have been reproduced by the Roman poet ; and
the same tone of impassioned solemnity and melancholy
seems to have pervaded both works. But Lucretius, if

less original .as a thinker, was probably a much greater

poet than Empedocles. With the speculative enthusiasm
of the Greeks he combines, in a remarkable measure, the

Italian susceptibility to the charm of nature, and the greater

humanity of feeling which belongs to a more advanced
stage of human history. But what chiefly distinguishes

him from his Greek prototypes is that his purpose is rather

ethical than purely speculative. He shares with them the

delight in inquiry and discovery ; but the zeal of a teacher

and reformer is more strong in him than even the intel-

lectual passion of a thinker. His speculative ideas, his

moral teaching, and his poetical power are indeed inter-

dependent on one another, and this interdependence is

what mainly constitutes their power and interest. But of

the three claims which he makes to immortality,

—

" Primum quod magnis doceo de rebus, et artis

Keligionum animum nodis exsolvere pergo,

Deinde quod obscura de re tam lucida pango
Carmina musaeo contingens cuacta lepore,

—"*

that which he himself regarded as supreme was the second,

—the claim of a liberator of the human spirit from the

cramping bonds of superstition.

This purpose is announced by him over ana over again,

as for instance at the beginning of the argument in the first,

second, third, and sixth books. The main idea of the poem
is the irreconcilable opposition between the truth of the laws

of nature and the falsehood of the old superstitions. But
it is not merely by the intellectual opposition between truth

and falsehood that he is moved. The happiness and the

dignity of life are regarded by him as absolutely dependent

on the acceptance of the true and the rejection of the false

doctrine. The ground of his extravagant eulogies of

Epicurus is that he recognized in him the first great

champion in the war of liberation, and in his system of

philosophy he believed that he had found the weapons by

which this war could be most efl'ectually waged Follow-

ing in his footsteps, he sets before himself the aim of

finally crushing that fear of the gods and that fear of death

resulting from it which he regards as the source of all the

human ills. Incidentally he desires also to purify the

heart from other violent passions which corrupt it and mar
its peace. But the source even of these—the passions of

ambition and avarice—he finds in the fear of death ; and
that fear he resolves into the fear of eternal punishment
after deatL

The selection of his subject and the order in which it ia

treated are determined by this motive. Although the title

' " First, by reason of the gieatness of my argument, and my pari

pose to set free the mind from the close drawn bonds of superstitious

next, because on so dark a theme I write such lucid Terse, casting o»ci

all the charm of poesy.

"
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of the poem implies that it is a treatise on the " whole
nature of things," the aim of Lucretius is not to treat

exhaustively the whole of natural science, recognized in

the Epicurean system, but only those branches of it which
are necessary to clear the mind from the fear of the gods
and the terrors of a future state. In the two earliest books,

accordingly, he lays down and largely illustrates the first

principles of being with the view of showing that the world
is not governed by capricious agency, but has come into

existence, continues in existence, and will ultimately pass

away in accordance with the primary conditions of the

elemental atoms which, ajong with empty space, are the

only eternal and immutable substances. These atoms are

themselves infinite in number but limited in their varieties,

and by their ceaseless movement and combinations during

infinite time and through infinite space the whole process

of creation is maintained. In the third book he applies

the principles of the atomic philosophy to explain the

nature of the mind and vital principle, with the view of

showing that the soul perishes with the body. In the

fourth book he discusses the Epicurean doctrine of the
" simula'cra," or images, which are cast from all bodies, and
which act either on the senses or immediately on the mind,

in dreams or waking visions, as affording the explanation

of the belief in the continued existence of the spirits of

the departed. • The fifth book, which has the most gsneral

interest, professes to explain the process by which the

earth, the sea, the sky, the sun, moon, and stars, were

formed, the origin of life, and the gradual advance of

man from the most savage to the most civilized condition.

All these topics are treated vrith the view of showing that

the world is not itself divine nor directed by divine agency.

The sixth book is devoted to the explanation, in accordance

with natural causes, of some of the more abnormal

phenomena, such as thunderstorms, volcanoes, earthquakes,

&.C.. which are special causes of supernatural terrors.

It would be impossible, within the limits of this article,

to give any detailed account or criticism of an argument

which is carried on, with the interruption only of occasional

episodes, in which the moral teaching of the poet is

enforced, through a poem extending to between six and

seven thousand lines. Readers who are especially inter-

ested in the science of Lucretius will find the subject

clearly treated in chapter v. of Lange's History of Material-

ism. The consecutive study of the argument produces

on most readers a mixed feeling of dissatistaction and

admiration. They are repelled by the dryness of much of

the matter, the unsuitableness of many of the topics dis-

cussed for poetic treatment, the arbitrary assumption of

premisses, the entire failure to establish the connexion

between the concrete phenomena which the aiithor pro-

fesses to explain and these assumptions, and the errone-

ousness of many of the doctrines which are stated with

dogmatic confidence. On the other hand they are con-

stantly impressed by his po\ver of reasoning both de-

ductively and inductively, by the subtlety and fertility

of invention with which he applies analogies, by the clear-

ness and keenness of his observation, by the fulness of

matter with which his mind is stored, and by the consecu-

tive force, the precision, and distinctness of his style, when

employed in the processes of scientific exposition. The

first two books enable us better than anything else in

ancient literature to appreciate the boldness and, on the

whole, the reasonableness of the ancient mind in forming

hypotheses on great matters that still baffle the investiga-

tions of science. The third and fourth books give evidence

of acuteness in psychological analysis ; the fourth and sixth

of the most active and varied observation of natural pheno-

mena; the fifth of original insight and strong common

sense in conceiving the origin of society and the procressive

advance of man to civilization. But the chief value of
Lucretius as a thinker lies in his firm grasp of speculative
ideas, and in his application of them to the interpretation
of human life and nature. It is in this application that
the most powerful interest of his poetry lies. All pheno-
mena, moral as well as material, are contemplated by him
in their relation to one great organic whole, which he
acknowledges under the name of "Natura dwdala rerum,"
and the most beneficent manifestations of which he seems
to symbolize and almost to deify in the " Alma Venus,"
whom, in apparent contradiction to his denial of a divine
interference with human affairs, he invokes with prayer in
the opening lines of the poem. In this conception of
nature are united the conceptions of law and order, of
ever-changing life and interdependence, of immensity,
individuality, and all-pervading subtlety, under which the
universe is apprehended both by his intelligence and his
imagination.

Nothing can be more unlike the religious and morai
attitude of Lucretius than the old popular conception of
him as an atheist and a preacher of the doctrine of pleasure.

It is true that he denies the two bases of all religion, the
doctrines of a supernatural government of the world and
of a future life. But his arguments against the first are

really only valid against the limited and unworthy concep-
tions of divine agency involved in the ancient religions

;

his denial of the second is prompted by his vivid realization

of all that is meant by the arbitrary infliction of eternal

torment after death. His war with the popular beliefs of

his time is waged, not in the interests of licence, but in

vindication of the sanctity of human feeling. The great

and cardinal line of the poem,
" Tantum religio potuit suadere maiorum

is elicited from him as his protest against the wicked and
impious sacrifice of Iphigenia by the hand of her father.

But in his very denial of a cruel, limited, and capricious

agency of the gods, and in his imaginative recognition of an

orderly, all-pervading, all-regulating power,—the " Natura

dcedala rerum,"—we find at least a nearer approach to the

higher conceptions of modern theism than in any of the

other imaginative conceptions of ancient poetry and art,

unless we include the hymn of Cleanthes among the utter-

ances of poets. But his conception even of the ancient

gods and of their indirect influence on human life is more

worthy than the popular one. They are conceived of by

him as living a life of eternal peace and exemption from

passion, in a world of their own ; and the highest ideal of

man is, through the exercise of his reason, to realize an

image of this life,

" Ut nil impediat dignara dis degere vitam."

Although they are conceived of as unconcerned with the

interests of our world, yet influences are supposed to emanate

from them which the human heart is capable of receiving

and assimilating. The effect of unworthy conceptions of

the divine nature is that they render a man incapable of

visiting the temples of the gods in a calm«pirit, or of

receiving the emanations " divinse nuntia pacis," in peace-

ful tranquillity

" Nee deluhra deum placido cum pectore adibis,

Ilec de corpore quae sancto simulacra feruntur

In mentis hominum divinee nuntia pacis

Suscipere Lac animi tranquilla pace valebis." '

It is in no iconoclastic spirit that he regards even the

temples and solemn rites of the gods, except when he finds

the acts of worship tainted with "the foul stain of super-

1 " Nor mit thou approach the temples of the gods with a calm

spirit, nor wilt thou be' al<le, in tranquil peace of heart, to receive

those images which are borne from their holy hoodies into the minds ol

men, carrying tidings of the divine peace " (vi. 75-78).
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etitioD." Thus he describes with a crave solemnity of

i

feeling the procession of the image of Cybele through the

cities of men, and acknowledges the beneficent influence of

the truths symbolized by that procession. The supposed
" atheism " of Lncretins proceeds from a more deeply

reverential spirit than that of the majority of professed

believers in all times.

His moral attitude is also far removed from that either

of ordinary ancient Epicureanism or ordinary modern
materialism. Though he acknowledges pleasure to be the

law of life,-^" dux v^itae dia voluptas,"—yet he is far from
regarding its attainment as the end of life. What man
needs is not enjoyment, but "peace and a pure heart."

" At tene non poterat sine puro pectore vivi."

The victory to be won by man is the trium[>U over fear,

ambition, passion, luxury. With the conquest over these

nature herself supplies all that is needed for happiness.

Self-control and renunciation are the lessons which he
preaches vrith as much fervour and as real conviction as

any of the preachers of Stoicism. " Great riches consist in

living plainly with a contented spirit "

—

" Divitiie grandes homini sunt vivere parce

jEquo animo."

As was mentioned above, it is uncertain whether the

short criticism of Cicero ("Lucretii poemata," &c.) con-

cedes to Lucretius the gifts of genius or the accomplishment

of art. Readers of a later time, who could compare his

work with the finished works of the Augustan age, would,

if they refused his claim to the full possession of the two
necessary constituents of the greatest poets, have certainly

disparaged his art rather than his power. But with Cicero

it was different. He greatly admired, or professed to

admire, the genius of the early Roman poets, while he
shows that indifference to the poetical genius of his younger
contemporaries which men who have formed their taste

for poetry in youth, and whose own intellectual interests

have been practical and political, often do to the new ideas

and new modes of feeling' which an original poet brings into

the world. On the other hand, as ope who had himself

written many verses in his youth, and as one of the greatest

masters of style who have ever lived, he could not bave
teen insensible to the immense superiority in rhythmical

smoothness which the hexameter of Lucretius has over that

of Enniua and Lucilius. And no reader of Lucretius can
doubt that he attached the greatest importance to artistic

execution, and that he took a great pleasure, not only in

propelling "the long roll of his hexameter" to its culmi-i

Dating break at the conclusion of some weighty paragraph,

tut also in producing the effects of alliteration, assonance,

&c., whicb are so marked a peculiarity in the style of

Plautus and the earlier Roman poets. H^ allows his taste

for these tricks of style, which,, when used with moderation

by writers of a more finished sense of art such 'as Virgil

and even Terence, have the happiest effect, to degenerate

into mannerism. And this is the 6nly drawback to the

impression of absolute spontaneity which his style produces.

But those who recognize in him one of the most powerful
and original poetical forces which have appeared in the

•world feel, when they compare him with the greatest poets

of all times, that he was unfortunate in living before the

natural rudeness of Latin art—the " traces of the country,"

which continuea to linger ''in rude Latium " down, to the

time of Horace—had been successfully grappled with.

His only important precursors in serious poetry were

Enniua and Lucilius, and, though he derived from the first

of these an impulse to shape the Latin to.ngue into a fitting

Tehicle for the expression of elevated emotion and imagina-

tive conception, he Could find in neither a guide to follow

ID the task he set before himself. He bad thus, in a great

measure, to discover the way for himself, and to act as the
pioneer to those who came after him. The difficulty and
novelty of his task enhances our sense of his power. His
•finest passages are thus characterized by a freshness of
feeling and enthusiasm of discovery, as of one ascending,
alone and for the first time, the " pathless heights of the
Muses'."! But the result of these conditions and of his,own
inadequate conception of the proper limits of his art is

that more than in the case of any other work of genius his
best poetry is clogged with a great mass of alien matter,
which no treatment in the world could have made poetically

endurable. If the distinction suggested by a brilliant

living poet and critic between the Titans and the

Olympians of literature be a valid one, it is among the
former certainly that Lucretius is to be classed.

The genius of Lucretius, as of all the greatest poets,

does hot reveal itself as any mere isolated or exceptional

faculty,, but as the impassioned and imaginative movement
of his whole moral and intellectual being. It is the force

through which the sincerity and simplicity, the reverence,

the courage, the whole heart of the man have found an
outlet for themselves. It is also the force from which both
his speculative and his observant faculty derive their most
potent impulse. His poetical style is as simple, sensuous,

and passionate as that of the poets who reproduce only the

immediate appearances and impressions of the world of

nature and of human feeling. But it assumes a more
majestic and elevated tone from the recognition of the

truth that the beauty of the world, the unceasing life and
movement in nature, the destructive as. well as the bene-

ficent forces of the elements, the whole wonder and pathos

of human existence, are themselves manifestations of secret

invisible agencies and of eternal and immutable laws.

The fullest account of the MS3. and of tlie various editions of

Lucretius, and of the influence which he exercised 'on the later

poets of Rome, is to be found in the introductions to the critical and
explanatory notes of Mr JIunro's edition of the poet, a work recog-

nized as the most important contribution to Latin scholarship

made in England during the present century. For scholars that

edition contains all that is needed fo;- the full understanding of the

author. For those who are not classical scholars, the work of

C. Martha, Le Poemc de Lucrece-, may be recommended, as containing

an iflteresting and eloquent estimate of the genius of the poet, and
of his moral, religicus, and scientific position. Among recent

'English works on the author, an essay, oy Professor Veitch, and
one by Mr J. A. Symonds, are- especially good. The subject i».

also discussed at length in chaps. xi.-.xiv. of the Soman P6ets

tifthe RcpuMic, by Professor Scllar. {V!. Y. S.)

LUCULLUS. The Luculli appear in Roman history

shortly after the close of the second Punic war.
'
They

belonged to the Licinian " gens," a plebeian house which

became noted for its special ability in amassing wealth.

By far the most famous of its members was Lucius Licinius

Lucullus, surnamed Ponticus from his victorious camj)aigtis

in Asia Minor agaiiist one of the most formidable enemies

Rome ever encountered, the great Mithridatcs, king of

Pontus. His father had held an important military com-

mand in Sicily, but on his return to Rome he was considerefd

to have acquitted himself so discreditably that he was pro-^

secuted on a charge of bribery and corrupt practices, ond^

was condemned to- exile. His mother was Cecilia, of the

family of the Metelli, and was the sister of tbe distinguished

Metellus Numidicus. The career of Lucullus coincides with

the first half of the 1st century p.c. It appears that be

was rather senior to Pompoy, who was born in lOG B.a

We hear of him when quite a young man as making a

determined though unsuccessful attempt to avenge hia

father's downfall on the author of the prosecution, and

this won him credit and popularity. Early in life he

attached himself to the party of Sulla,. and to that party

> " Avia Pieridum {leragro loca, iiolliu^ ante
Trita solo."
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Le remained cunstaut to his life's end. Sulla's favourable

notice was seemed by good military service in the so-called

Social War, which finally completed the subjugation of

liouic's Italian allies and in fact of the whole iieninsu'a.

In 68 B.C. came the groat Jlilhridatic war in the E-jpt.

with the direction of which Sulla was charged. In that

j-car the young Liicullus went with him as his qiu-e^tor to

Greece and Asia Minor, and, while Sulla was besieging

Athens, he raised a fleet and drove Mithridates -jut of the

Mediterranean. He won a brilliant victory o'.( Tenedos,

and it seems probable that, had he been as faithful to Rome
as he was to Sulla and his party, he migl t have ended

a perilous war. But, like many of his contemporaries,

LucuUus was too much of a party niun to be a genuine

patriot.

In 84 B.C. peace was concluded with Jlithridates, and
the groat king had to cede the Greek islands and a large

part of his Asiatic possessions, and was practically reduced to

the position of a mere Roman dependant. Sulla returned

to Rome, while Lucullus remained in Asia, and bj' a series of

wise and generous financial reforms laid the foundation of

the future wealth and prosperity of the province. The
result of liis policy was that he stood particularly well with

the provincials, but unfortunately for himself made a host

of enemies among the powerful class which farmed the

public revenue. He was in Asia till 80 B.C., and then

returned to Koine as curule redile, in which capacity he
exhibited together with his colleague, his brother Marcus,
games which were long remembered by the citizens of Rome
for their exceptional magnificence. We may infer that

thus early in life he had found the means of acquiring an
immense fortune, which throughout his whole career it

was his delight lavishly to display. Soon afterwards he
was elected prretor, and was ne.xt appointed to the pro-

vince of Africa, where again he won a good name as a just

and considerate governor. In the year 74 B.C. he became
consul, with Aurelius Cotta as his colleague. An attempt
was made at this time by a leader of the democratic party

to repeal the legislation of Sulla, and its failure appears to

have been mainly due to the strenuous efforts of Lucullus.

The East was now again unsettled, and Bithynia, which
had been bequeathed to Rome by its king Nicomedes, was
threatened by Mithridates. The new province with the

command of the fleet fell to Cotta, but Lucullus was called

to lead the armies of Rome against this dangerous enemy.
In 74 B.C. he was in Asia at the head of a force of about

30,000 foot and 2000 horse. The king of Pontus was
already on Roman ground in Bithynia, and Cotta was
shut up in Chalcedon on the Propontis by a vast host of

150,000 men. The enemy's fleet had forced its way into

the harbour, and had burnt all the Roman vessels lying at

anchor. The advance of Lucullus, however, forced the

king to raise the siege and reti.3 along the sea-coast, till

he halted before the strong city of Oyzicus, the key of Asia,

as it was called, built on an island at a little distance from
the mainland, with which it was connected by a bridge.

All the attempts of Mithridates on the place were foiled

by a gallant defence, and it was not long before Lucullus
took up a threatening position in the rear of his army,
which cut off all his land communications and left him
only master of the sea. Bad weather and violent storms
and scant supplies soon drove the king from the walls of

Cyzicus, and his vast army was dispersed without having
had the chance of fighting a single- pitched battle. His
fleet too, which as yet had had the command of the
^gean, was soon afterwards destroyed by Lucullus, and
thus his whole power for offensive warfare had completely
collapsed. He himself withdrew into his own proper
territory, and all that the Roman general had to fear was
that he might baffle pursuit by a Hight eastward into the

remote wilns of Armenia. However, in the autumn of 75
B.C., Lucullus pushed into the heart of Pontus tar beyond
the Halys, the limit of the f-imous Scipio's advance east-

ward, and continued his onward march, regardless of the

murmurs of his weary soldiery, to Cabeira or Neocssarea
(now !Xiksar), where the king had gone into winter

quarters with a vague hope that his son-in-law, Tigranes,

the powerful king of Armenia, and possibly even the

Parthians, might, for their own sakes, come to his aid

against a common foe. It was by a very toilsome march
through difficult roads that the Roman army at last reached

Cabeira, to find themselves confronted by a greatly sufierior

force. But the troops of Mithridates were no more a match

for the Roman legionaries than were the Persians for

Alexander, and a large detachment of his army was
decisively cut up by one of LucuUus's lieutenant-generals.

The king decided on instant retreat, but the retreat soon

became a disorderly flight, and Lucullus, seizing the

moment for attack, annihilated his enemy, Mithridates

himself escaping with difficulty over the mountain range

between Pontus and Cappadocia into Lesser Armenia. He
found a sort of refuge in the dominions of Tigranes, but

he was in fact detained as a prisoner rather than received

as an honoured friend and ally.

Pontus thus, with the exception of some of the maritime

cities, such as Sinope, Heraclea, and Amisus, which still

clung to the king under whom they had enjoyed a free

Greek constitution, became Roman territory. Two years

were occupied in the siege and capture of these strongholds,

while Lucullus busied himself with a general reform of the

administration of the province of Asia. His next step was

to demand the surrender of Mithridates and to threaten

Tigranes with war in the event of refusal He had indeed

no direct authority from the home government to attempt

the conquest of Armenia, but he may well have supposed

that in invading the country he would be following out

Sulla's policy, and securing Rome in the East from a serious

danger. Nor was it unnatural that there should be a

fascination in the idea of winning renown in the distant

and almost unknown regions beyond the Euphrates. In

the spring of the year 69 B.C., at the head of only two
legions, which, it appears, by no means liked the hardships

of the expedition, he marched through Sophene, the south-

western portion of Armenia, crossed the Tigris, and pushed

on to the newly-built royal city, Tigranocerta, situated on
one of the affluents of that river. A motley host, made up
out of the tribes bordering on the Black Sea and the

Caspian, hovered round his small army, but failed to

hinder him from laying siege to the town. On this

occasion Lucullus showed consummate military capacity,

contriving to maintain the siege and at the same time to

give battle to the enemy with a force which must have
been inferior in the ratio of something like one to twenty.

According to his own account he put the Armenians to

rout with a loss of five Roman soldiers, leaving 100,000
dead on the field of battle. The victory before the 'walls

of Tigranocerta was undoubtedly a very glorious one for

the arms of Rome, and it resulted in the dissolution of the

Armenian king's extensive empire. There might now have
been peace but for the interference of Mithridates, who for

his own sake pressed Tigranes to renew the war and to seek
the aid and alliance of Parthia. The Parthian king, how-
ever, was disposed to prefer a treaty with Rome to,il treaty

with Armenia, and desired simply to have the Euphrates
recognized as his western boundary. Jlithridates nb.st

appealed to the national spirit of the peoples of the East
generally, and endeavoured to rouse them to a united effort

against Roman aggression. He hoped to crush his enemy
amid the mountains of Arntenia, and indeed the position

of Lucullus was highly critical. ^The home government
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tWas for recalling him, and seemed to tLiuk little of Lis

splendid successes ; and his little army, wliicU one might
have been supposed would have been proud of their general,

was on the verge of mutiny. One can hardly understand

how under such circumstances Lucullns should have per-

sisted in marching his men northwards from Tigranocerta

6ver the high table-land of central Armenia, with the

enemy's cavalry and innumerable mounted archers hanging
on his columns, in the hope of reaching the distant Artaxata
on the Araxes. The vexation of his troops brolce out into

an open mutiny, which compelled him to recross the Tigris

into the Mes6potamian valley. Here, on a dark tem-
pestuous night, he surprised and stormed Nisibis, the

capital of the Armenian district of. Mesopotamia, and in

this city, which yielded him a rich booty, he found satis-

factory winter quarters.

Meantime Mithridates was again in Pontus, ftnd the

Eoman forces which had been left there were soon over-

whelmed. In one disastrous engagement at Ziela the

Roman camp was taken and the army slaughtered to a
man. LucuUus was still thwarted by tlie mutinous spirit

of his troops, and after all his brilliant achievements he
was obliged to pursue his reti-eat into Asia Minor with the

full knowledge that Tigranes and Mithridates were the

unresisted masters of Pontus and Cappadocia. The work
of eight years of war was undone. Commissioners sent

from Rome to settle the affairs of the East had "to report

to the senate that a large part of Asia Minor was in the
enemy's hands. In the year 66 B.C. LucuUus.was recalled,

and superseded in his command by Pompey.
He had indeed fairly earned by his brilliant victories

the honour of a triumph, but he had powerful enemies at

Rome, and charges of maladministration, to which no doubt
his immense wealth gave no unreasonable colour, caused it

to be deferred for three years. In 63 b.g., however, it was
celebrated with extraordinary magnificence. By this time
Lucullus seems to have felt that he had done his work.
He had little taste for the increasingly turbulent political

contest's of the time, and, with the exception of occasional

appearances in public life, he gave himself up to elegant

luxury, with which, however, he combined a sort of dilettante

pursuit of philosophy, literature, and art. Cicero, who
was on terms of close intimacy with him, always speaks of

him with enthusiasm and in terms of the highest praise.

Lucullus IS with him a vir fortissimus et clarissimus, and a
man too of the highest and most refined intellectual culture.

As a provincial governor, in his humane consideration for

the conquered and his statesmanlike discernment of what
was best suited to thtir circumstances, he was a man after

Cicero's own heart. In this respect he reminds us of the

younger Pliny. Very possibly Cicero may have spokeq
too flatteringly of him, but we cannot think his praise was
altogether undeserved.

As a soldier, considering what he achieved and the
victories he won with but small forces under peculiarly

unfavourable conditions, he must have been a man of no
ordinary capacity. It is true that he'does not seem to

have had the confidence of his troops to the extent to

which a great general ought to possess it, and it is just

possible that he may have erred on the side of an excessive

aristocratic hauteur, which to his men may have looked
like a selfish indifference to their hardships. But it is also

possible that out oi a strict regard to the lives and property

of the provincials he may have been too strict a discipli-

narian for the taste of the soldiers. Some of his unpopu-
larity, it is pretty certain, was due to the restraints which
he had put on the rapacity of the capitalists, who thought
themselves aggrieved if they could not make rapid and
enormous fortunes by farming the revenue of the rich pro-

vinces of the £aat. We can hardly doubt that with very
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decided aristocratic feelftig and thorough devotiofl to his
political party l,ucullus combined much generous upright-
ness and kindliness of heart.

His name calls up before the mind visions of boundless
luxury and magnificence, and among the Roman nobles
who revelled in the newly acquired riches of the East
Lucullus, it is certain, stood pre-eminent. His park and
pleasure grounds in- the immediate vicinity of the capital

were the wonder and admiratiojl of his own and of the
succeeding age. Pompey is said to have styled him the
Roman Xerxes, in allusion, not only to his splendour, but
also to the costly and laborious works to be seen in llis

parks and villas at Tusculum, near Naples, where* rocks
and hills had been pierced at an almost infinite expense.

On one of his luxurious entertainments h» is said to have
spent upwards of £2000. Far the most pleasing trait in

his character is the liberal patronage which he gave mora
especially to Greek philosophers and men of letters, and
the fact that he collected a vast and valuable library, to
which such men had free access. On the whole we may
take Lucullus to have been a man who in many respecte

rose above his age, and was a decidedly favourable speci-

men of a great Roman noble.

Of his latter years but little is recorded. He had, as

we have seen, almost wholly retired from public life. It

appears that he sank into a condition of mental feebleness

and imbecility some years before his death, and was obliged

to surrender the management of his affairs to his brother

Marcos. The usual funeral patiegyric was pronounced oa
him in the Forum, and the people would have had him
buried by the side of the great Sulla in the Campus
Martius, but he was laid at his brother's special request in

his splendid villa at Tusculum.
The best account of Luciillus's campaign in the East is to bo found

in Momnisen's History of Hoyne, bk. v. chap. 2. Our. knowledge
of him is drawn mainly from Plutarch, Appian's Milhridalic War,
tUo epitomes of the lost books of Livy, ana very frequent allusions

tcr him in Cicero's works. (W. J. B.

)

LUDDITES, The, were organized bands of rioters for

the destruction of machinery, who made their first ap-

pearance in Nottingham and the neighbouring midland

districts of England about the end of 1811. The origin

of the name is curious, and is given as follows in the Lift

ofLord Sidmouth (vol. iii. p. 80). In 1779 there lived in a

village in Leicestershire a person of weak intellect, called

Ned Lud, who was the butt of the boys of the village.

On one occasion Lud pursued one of his tormentors

into a house where were two of the frames used in the

stocking manufacture, and, not being able to catch the

boy, vented his anger on the frames. Afterwards, when-

ever any frames were broken, it became a common saying

that Lud had done it. It is curious also that the leader of

the riotous bands took the name of General Lud. The
Luddite riots arose out of the severe distress caused by
commercial depression and the consequent want of employ-

ment. They were specially directed against machinery

because of the widespread prejudice that its use directly

operated in producing a scarcity of labour. Apart

from the prejudice, it was inevitable that the economic and
social revolution implied in the change from manual wor^

to work by machinery should give rise to great misery, by

upsetting all the old industrial habits and arrangements.

The riots began at Nottingham, in November 1811, with

the destruction of stocking and lace frames, and, continn<

ing through the winter and following spring, spread into

Yorkshire and Lancashire. They were met by sever*

repressive legislation,—a notable feature in the opposition

to it being Lord Byron's speech in the House of Lords, the

first which he delivered there. In 1816 the rioting was
resumed, through the fearful depres.sion that followed on

the European peace, aggravated by one of the worst o£
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recorded harvests, whfin wheat rose from 52s. 6d. to lOSs.

a quarter (in Torkshire it was more than a guinea a
bushel), when the corn was still gieen in October, and the

potato crop was a failure. ' In that year, though the centre

of the rioting was again in Nottingham, it extended over

almost the whole kingdom, and took more decidedly the

form of a general discontent and seditious restlessness.

The rioters were also thoroughly organized. While part

of the band with extraordinary quickness and thoroughness
destroyed the machinery in the houses, sentinels were
posted to give warning of the approach of the military and
police ; and all had generally disappeared before the least

risk of discovery. Under the influence of vigorous re-

pressive measures, aad especially of reviving prosperity,

the spirit of rioting ere long died out.

See the Annual Register for the years concerned ; Life of Lord
SldmouOi, by the Hon. George Pellew, dean of Norwich, vol. iii.

;

and Spencer Walpole, History ofEngland, vol. i.

LUDHIAtNA, a district in the lieutenant-governorship

of the Punjab, India, lying between 30' 33' and 31° 1' N.
laf and between 75° 2i' 30" and 76° 27' E. long., is

bounded on the N. by th'e Sutlej river, on the E. by
Umballa (Ambila) district, on the S. by Patiila, Ndbha,
and Maler- Kotla states, and on the W. by Firozpur district.-

The surface of Ludhiana consists for the most part of a
broad plain, without hills or rivers, and stretching north-

ward from the native borders to the ancient bed of the

Sutlej. The soil is composed of a rich clay, broken by
large patches of shifting sand. On the eastern edge,

towards Umballa, the soil improves greatly, the clay being
here surmounted by a bed of rich mould, suitable for the

cultivation of cotton and sugar-cane. Towards the west
the sand occurs in union with the superficial clay, and
forms a light friable soil, on which cereals form the most
profitable crop. Even here, however, the ' earth is so

retentive of moisture that good harvests are reaped from
fields which appear to the eye mere stretches of dry and
sandy waste, but are covered, after the autumti rains, by
waving sheets- of wheat and millet. These southern

uplands descend to the valley of the Sutlej by an abrupt
terrace, -which marks the former bed of the river. The
principal stream has now shifted to the opposite side of

the valley, leaving a broad alluvial strip, 10 miles in width,

between its ancient and its modern bed. The Sutlej itself

is here only navigable for boats of small burden. A
branch of the Sirhind Canal, now in course of construction,

will irrigate a large part of the western pargands. At
present irrigation is almost entirely confined to wells.

The district is singularly bare of trees.-

The census of 1863 returned a total population of 583,245 persons

(319,312 males' and 263,903 females), spread over an area of 1359
square miles, inhabiting 879 villages and towns, and 151,934 houses.

Hi-ndus numbered 219,371 ; Mohammedans, 206,603 ; Sikhs,

95,463; and "others," 61,858. In ethnical classification the Jdts
rank first, both in number ('205,304) and in agricultural importance

;

t"hey form one-third of the total population, and nearly two-thirds
of the cultivating class. TheGiijars come next with 30,009 persons.

Eijputs number 23,961, and cluster thickly in the fertile strip

along the bank of the Sutlej. Though they hold the richest portion
of the district, they are but careless and improvident cultivators.

Brahmans number 21,165, but their social importance is small, and
they own but a single village. The mercantile classes are repre-

'

sented by 15,251 Kshattriyas and 8174 Banias. There are also

5549 Kashmiris, employed in weaving shawls and woollen goods.
Four towns were returned in 1868 as containing upwards of 5000
inhabitants, viz., Ludhiana, 39,983 ; Raikot, 9165 ; Jagraon,7096

;

and Machiwara, 6062. Ludhiana is a flourishing agricultural dis-

trict in spite of the general unpromising appearance of its soil, a
result ciainly attributable to the untiring diligence of its Jat culti-
vators. Almost all the available laud has been brought under the
plough, and in many villages no w-aste land is left for pasturage, the
cattle being fed from cultivated produce. Under rabi or sjiring crops
there were in 1872-73 198,279 acres of wheat, 30,620 of barley,

162,649 of gram, and 576 of poppy. The Tch.arlf or rain crons
comprised 129,589 acres ol jodr, 49,047 of Indian corn, 55,293 of I

vioth, and 15,894 of cotton. In spite of their industrious habits,
many of the peasantry are deeply in debt, and the rate of uiieicst
is high. Most of the landishcld by te'nants-at-will. Agricultural
labourers are paid in grain ; in the towns, unskilled labour is paid
at the rate of from 3d. to 4Jd. perdiem. Ludhiana is comparatively
free from danger of actu.il famine, though it suffers much from
.drought. The exports, of which the annual value is estimated at
£377,120, are chietiy confined to grain, cotton, wool, saltpetre, and
indigo ; the principal imports (i:365,552) are English goods, spices,
and red madder dye. Manufactures include shawls, pashmlna
cloth, stockings, gloves, cotton goods, furniture, carriages, and fire,

arms. Eight large silk factories and upwards of four hundred private
siik-looms give employment to over three thousand persiSns. Com-
munication is afforded by the Sind, Pilnjab, and Delhi Railway,
which runs through the centre of the district, aud by several lines
of good metalled roads.

ihe administrative staff of the district comprises a deputy com-
missioner, with an assistant and two extra assistants, a small-cause
court judge; and three tnhsllddis, besides the usual medical and con-
stabulary officers. The total revenue in 1872-73 was £103,795, of
which £85,215 was contributed by the land .tax. Education in
1873 was afforded by 184 schools, of which 68 were in receipt of
Government grants in aid ; the total number of enrolled pupils
was 6733. In the upltind portion of the district the atmosphere
is dry and healthy ; in thi, Sutlej valley, however, the air is

extremely noxious after the rainy season floods, and fever prevails
often in an epidemic form ; ophthalmia is also common. The
mean temperature iu 1872 was 87°-69 Fahr. in May, 85°-67 in July,
aud 54''-85 in December,, the maximum being 117°, and the mini-
mum 31'. The average annual rainfall is 28 inches.

History.—Though the present town of Ludhiana dates no farther
back than the 15th century, other cities in the district can claim a.

much greater antiquity. At Sunet, close to the modern station,

are ruins of an extin.sive brick-built town, -whose greatness had
already passed away before the period of Mohammedan invasion

;

and the old Hindu city of Machiwara is of still earlier date, being
mentioned in the Muhabhirata. During the Mussulman epoch, the
history of the district is bound up with that of the Rais of Raikot,
a family of converted Rajputs, who received the country as a lii:f

under the Sayyid dynasty, about the year 1445. The town of
Ludhiana was foundc4 in 1480 by two of the Lodi race (then ruling
at Delhi), from whom it derives itb jame, and was built in great
part from the prehistoric bricks Of Sunet The Lodis continued in

possession until 1620, v-hen it again feU iuto the hands of the Rais
of Raikot Thrcughoiit t'ue palmy days of the Mughal empire the
Raikot family held sway, but the Sikhs took advantage of the
troubled period which accompanied' the Mughal decadence to estab-

lish their supremacy south of the Sutlej. Several of their chieftains-

made encroachments on the domains of the Rais, who were ouly
able to hold their own bj- the aid of George Thomas, the famous
adventurer of Hariana. In 1806 Ranjit Siuh crossed the Sutlej and
reduced the obstinate Mohammedan family, and distributed their
territory amongst his own co-religionists. Since the British occupa-
tion of .the Punjab Ludhiana has grown in wealth and population,
but its history has been uneventful.

Ludhiana, the chief town and headquarters station of
LudhiAna district, is situated on the south bank of the old

bed of the Sutlej, 8 miles from the present bed of the
river, in 30° 55' 25"- N. lat. and 75° 53' 30" E. long.

The population in 1868 was 39,983, viz., Mohammedans,
27,860; Hindus, 10,208; Sikhs,. 45; Christians, 79;
"others," 1791. The Kashmiris retain their hereditary-

skill as weavers of shawls zud:pashnina cloth, the value

of the quantity exported in 1871-72 being returned at

£13,350. Shawls of .the soft Kdmpur wool, cotton cloths,

scarfs, turbans, furniture, and - carriages also form large

items in the thriving trade of the town. Since the open-

ing of the railway Ludhiana has become a great central

grain mart, having extensive export transactions both with

the north and south. The American Presbyterian Mission

has a church and school, with a small colony of native

Christians. The town bears 'a bad reputation for ud-

healthiness.

LUDLOW, a municipal and parliamentary borough and
market-town of Shropshire, England, is situated at the

junction of the Teme and Corve on the borders of Here-

fordshire, 27 miles south-east from Shrewsbury and 10 north

from Leominste'" The old castle, on aa eminence above

the Teme. presents an imposing and massive appearand

the Norman tL-??3r» and .the greater part of the walls being
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still complete. The parish church of St i^awrence, a fine

cruciform structure iu the Gothic style, with aloftyceutral

tower, date-3 from the reign of Edward III.; it was
restored in 1859-60. The grammar school, founded

in the reign of John, was incorporated by Edward I.

The other principal public buildings are the guil3-hall, the

town-hall and rnarket-house, and the public rooms, which
include the assembly-rooms and a museum of natural

history. Tanning and malting are carried on to a small

extent, and there are also flour-mills. The population of the

municipal borough (280 acres) in 1871 was 5087, and iti

1881 5035. The population of the parliamentary borough

(1371 acres) in the same years was C203 and 6663.

Ludlow is said to have existed as a British town under the name
of Diiian. After the Conquest it was granted to Roger de
Montgomery, who is said to hav5 been the founder of the castle.

Eor some time the castle was a Toyal residence, and from the reign

of Henry VIII. to that of William i II. it was the seat of the council

of the marches. In the reign of Charles I. it was garrisoned for the

king, but it surrendered to the parliamentary forces in June 1646.

The town had a charter of incorporation at a very early period,

which was confirmed by Edward iV-

LUDLOW, Edmund (1620-1693), was born at Maiden
Bradley, Wiltshire, in 1620, of au ancient and Lonourable

family. He studied at Trinity College, Oxford (where he
took his B.A. degree in 1636), and at the Temple. When
the war broke out he engaged as a volunteer in the life

guard of Lord Essex, consisting of one hundred gentlemen.

His first essay in arms was at Worcester, his next at Edge-
hilL He was made governor of Wardour Castle in 1643,
which place he surrendered on honourable terms after ten

months' siege. On being exchanged soon afterwards, he

engaged as major of Sir A. Haslerig's regiment of horse,

in which capacity he did good service in the western

counties. He was present at' the second battle of New-
bury, October 1644. In 1645 he was elected M.P. for

Wilts in the room of his father Sir Henry Ludlow, and
attached himself" inflexibly to the republican party. In
1648 he was one of a committee of six who arranged the

violent action known as Pride's Purge. He was one of the

king's judges, and put his hand to the warrant for his

execution. In January 1651 Ludlow was sent into Ireland

as lieutenant-general of horae, holding also a civil com-
mission. Here he spared neither health nor money in

the public service. Ireton, the deputy of Ireland, died

27th November 1651, and for six months Ludlow held

the chief place, which he then resigned to Fleetwood.

Though disapproving of Cromwell's action in dissolving

the Long Parliament, he maintained his employment", but

when Cr6mwell was declared Protector he declined to

acknowledge his authority, and was soon after recalled to

England. He refused the Protector face to face when
ordered to submit to his government, and in December
1655 retired to his own bouse in Essex. After Oliver

Cromwell's death Ludlow was returned for the borough of

Hindon, and took his seat in Richard's parliament in 1659.

He sat also in the restored Rump, and was a member of its

council of state and of the committee of ,safety after its second
expulsion. He also held office for a short time in Ireland.

After the Restoration, finding that his life was in danger, ho

left England, in September 1660, and travelled through
France and Geneva, and thence to Vevey, then under the pro-

tection of the canton of Bern. There he spent the rest of his

long life unmolested, to the great credit of the Government
of that canton, which had also iextendad its protection to

other regicides. He was, however, in constant danger from
Cavalier assassins. He steadily refused during thirty years

of exile to have anything to do with the desperate enter-

prises of republican plotters. But in 1689 he returned to

England, hoping to be employed in Irish affairs. .He was,

however, known only as a regicide ; and an address from

the House of Commons was presented to William IIL by
Sir Edward Seymour, requesting the king to issue a pro-
clamation for his arrest. Ludlow escaped again, and
returned to Vevey, where he died in 1693, aged seventy-
three, and where a monument raised to his memory by his
widow is still to be seen in the, church of St JIartin. •

Over the door of the house in which he lived was placed
the inscription " Omne solum forti patria, quia Patris. " Hia
memoirs, extending to the year 1688, were published in

1698-99 at Vevey.

LUDOLF, or Leutholf, Hiob (1624-1704), a learned
Orientalist, was born at Erfurt on June 15, 1624. At an
early age he manifested a passion for the acquisition of
foreign tongues; and after exhausting the imperfect
educational resources of his native place he went in 1645
to Leydsn, where for upwards of a year he was the pupil
of Erpenius, Golius, and other linguists. ' Having received
an appointment as tutor, he afterwards travelled in France
(where he became acquainted with Bochart at Caen) and
in England, and in 1649 he was commissioned by the
Swedish ambassador at the French court to g6 toRome ia

quest of certain papers which haS been lost, and which
Queen Christina wished to recover. In this mission he
was unsuccessful, but while in Italy he became acquainted
with four Abyssinians, from whom he acquired his know-
ledge (at that time unique) of Ethiopic. In 1652 he
entered the diplomatic service of the duke of Saxe-Gotha;
in this he continued (acting also for some time as tutor

to the young princes) until 1678, when he lodred to

Frankfort-on-the-Main. At the conferences held there in

1681 and 1682 he held a commission to act for the dukes
of Saxony. In 1683 he visited England to promote a

cherished scheme for establishing trade with Abyssinia,

but his eS'orts were unsuccessful, chiefly through the

bigotry of the authorities of the Coptic Church. Return-

ing to Frankfort in 1684, he gave himself wholly to literary

work, which he continued almost to his death on April 8,

1704. In 1690 he had the honour to be appointed

president of the " Collegium Imperiale Historicum."

His works, of which a complete list will be found in Chauflepi^'s

Dictionnaire, include HUioria Ethiopica (fol. 1681), with Commen-
taritcs ad Hist. Eth. (1691), and Appendix (1693); Grammatica
Amliaricae Lingux, qum vernacula est Habcssinorum, 1698 ; Lexicon

Amharico-Latinum, 1698 ; Lexicon Ethiopico-Latinum, of which
the first edition was published in London in 1661, but with many-
inaccuracies for wliich Ludolf refused responsibility (a second

edition appeared at Frankfort in 1699).; Orammalicci Lingum
ElhiopiciB (London, 1661 ; Frankfort, 1702). Ludolf holds a very

high place among the older Orientalists, and his works on Ethiopic

in particular continued to be the standard_t£Xt-book3 till they were

superseded by those of Dillmauu

LUDWIGSBURG; the second royal residence of Wurt-

emberg, is situated 9 miles to the north of Stuttgart and

li miles from the Neckar. It was laid out at the begln-

nfng of last century by Duke Eberhard Ludwig as a rival

to Stuttgart, and was greatly enlarged by Duke Charles,

who resided there from 1764 to 1785. Constructed as the

adjunct of a palace, the town bears the impress of its

artificial origin, and its straight streets and spacious

squares have a dull and lifeless appearance. Its main

importance now consists in its being the chief militai^y

depot of Wiirtemberg, as which it contains extensive

barracks, a cannon foundry, an arsenal, and a military

academy. The royal palace, one of the largest and finest

in Germany, stands iu a beautiful park, and contains a

portrait-gallery afld the burial vault of the sovereigns of

Wiirtemberg. Among the other prominent buildings are

four churches and several educational and charitable insti-

tutions. Ludwigsburg also carries on manufactures of

organs, woollen and linen cloth, japanned tin-wares,

raicture frames, and chicory. In 1880 it contained 16,100

I inhabiianis, acfout one-fourth of whom belonged to the
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gan-ison. David Strauss, author of tbe Life of Jesus, was

a native of Ludwigsburg. In the vicinity is the beautiful

royal chateau Of Monrepos, connected' with the uark of

Ludwigsburg by a fine avenue of limes.

LUDWIGSHAFEiSr. See JIaxnheim.

LUGANO, a town of Switzerland, which divides with

Locarno and Bellinzona the first rank in the canton of

Tessin (Ticino). It stands on the shore of the lake of

the same nam.e, on a narrow strip of Swiss territory which

projects into Lombardy and is everywhere close to the

Italian frontier. The prosperity of the town is due to its

position on the main line of land communication between

Milan and the pass of the St Gotthard, and the facility of

intercourse by land and water, whether for legitimate or

contraband trade, between this outlying fragment of

Switzerland and the rich region that surrounds it. The
buildings are not remarkable, but the church of Santa

Maria degli Angioli contains several important pictures by
Luini, a native of the adjoining district. The monastery

to which the church formerly belonged is now converted

into a large hotel. During the struggle of the people of

northern Italy to expel the Austrians from Lombardy,'

between the years 1848 and 1866, Lugano' served as head-

quarters for Mazzini and his followers. Books and tracts

intended for circulation throughout Italy were produced

there, and at the neighbouring village of Capolago, on a

large scale, and the efforts of the Austrian police to check

their circulation were completely powerless. The popula-

tion is Italian in character and features, and the Italian

tongue is exclusively spoken.' On the quay is a statue of

Tell by Vela, and there are other works by the same
eminent sculptor, a native of the canton, in private

grounds near the town. About 2 miles distant, and nearly

due south, a steep hill—called Monte Salvatore—rises

more than 2000 feet above the surface of the lake, and
commands a fine panoramic view, limited in some direc-

tions by the higher mountains on the opposite side of the

lake, but extending in one direction to Monte Rosa, and in

another to the cathedral of Milan.

LUGANO, Lake op (sometimes called Lago Ceresio

by the Italians, from the Roman name Laais Ceresius),

eituatett partly in Lombardy and partly in the Swiss canton

Tessin or Ticino, takes its ordinary name from the town

of Lugano, the only considerable place on its banks. Its

form is very irregular, and has been compared to a sickle,

a fish-hook, and various other objects. It lies altogether

amidst the outer ranges of the Alps that divide the basin

of the Ticino from that of the Adda, where the calcareous

strata have been disturbed by the intrusion of porphyry

and other igneous rocks. It is not connected with any

considerable valley, but is fed by numerous torrents in

various directions issuing fr9m short glens in the sur-

rounding mountains, and is drained by the Tresa, an

unimportant stream that flows westward into the Lago
Maggiore. The surface of the lake is 889 feet above the

sea, and the form of its bed seems to be very itregular. In

some parts soundings of more than 1000 feet have been

taken, while in one place the lake is so shallow that a

causeway half a mile in length, supporting the road and

the railway, has been canied from shore to shore. The
scenery is of a varied character : in great part, and especi-

ally in the north-east arm extending from Lugano to the

Lombard village of Porlezza, the lake is enclosed between

mountains that rise steeply to a height of some 2000 feet

from the water's edge, while on its southern and western

branches it is encompassed by gently swelling hills rich

with the luxuriance of Italian vegetation.

LUGANSK, a town of Russia, in the government of

Ekaterinoslaff, district of Slavianoserbsk, 300 miles to the

eastward of the capital of the province, is connected by a

branch with the railway between Kharkofif and Azoff, aa
well as with other towns and iron-works of the Douetz
coal-mines district, 'it stands on the small river Lugan, 10
miles from its junction with the northern Donetz, iu the
Lugan mine district, of which it is the chief town. Thia
district, which comprises the important coal-mines of Lisi-

tchansk and the anthracite mines of Gorodische, occupies

an area of about 110,000 acres on the banks of the

Donetz river, and has a population of more than
15,000. Although it is mentioned in' Russian history

as early as the 16th century, and coal was "discovered

in it at the time of Peter I., it was not until 1795
that an Englishman, Gascoyne or Gaskoin; established

its first iron-work for supplying the Black Sea fleet and
the southern fortresses with guns and shot. This proved

a failure, owing to the great distance from the sea, and
the manufacture of .supplies for the navy was suspended;
but during the Crimean war the iron-works of Lugan again

largely produced shot, shell, and gun-carriages. Since

1864 agricultural implements, steam-engines, and the

various machinery required for beetroot sugar-works, dis-

tilleries, <fec., have been the chief manufactures. The Lugan
works, which employ about 1200 men, are the chief centra

for smelting the ores of the neighbouring iron-mines. The
town is the seat of the mining authorities for the district,

and has a first-class meteorological and magnetic observa-

tory. The 11,000 inhabitants of Lugansk also carry on a
very active trade in cattle, tallow, wools, skins, linseed,

wine, corn, and manufactured wares. The weekly fairs are

much frequented. There are also ia the town many tallow-

melting works, and the smith trade is largely carried on.

LUGO, a maritime province of Spain, one of the four

into which Galicia has since 1833 been divided, is bounded
on the K by Oviedo and Leon, on the S. by Orense, on

the W. by Pontevedra and Coruiia, and on the N. by the

Atlantic. Its extreme .length from north to south is about

98 miles, its breadth 58, and *he area 37S7 square miles.

The coast, which Extends for about 40 miles from the

estuary of Eivadeo to Cape Vares, is extremely rugged

and inaccessible, and few of the inlets that exist, except

those of Rivadeo and Vivero, admit vessels of any size.

Tlie province, especially in the north and east, is rooua-

tainous in its character, being traversed by the great

Cantabrian chain and its ofl'shoots ; the sierra by which it

is separated from Leon attains in some places a height of

6000 feet. A large part of the area is drained by the

Miiio, which rises on the western slope of the Sierra de

Meira, and follows a southerly direction until it is joined

by the Sil ; the latter for a considerable distance forms the

southern boundary of the province. Of the rivers of the

northern versant the most important are the Navia (which

has its lower course through Oviedo), the Eo (for some
distance the boundary between the two provinces), the

Masma, the Oro, and the Landrobe. The Eume, one of

the rivers of Coruna, and the UUa, which separates that

province from Pontevedra, both have their rise on the

western slopes of Lugo. Some of the northern valleys even,

in their lower portions, are fertile, and yield not only corn

but fruit and wine, but the principal agricultural wealth is

on the Mino and Sil, where rye, maize, wheat, legumes of

various kinds, flax, hemp, and a little silk are produced.

The hills are comparatively well wooded. Iron is found

at Caurel and Incio, antimony at Castroverde and

Cervantes, argentiferous -lead at Eiotorto; and there are

quarries of granite, marble, and various kinds of slate and

building stone. Linen and woollen clot))s are manufactured,

but to an insignificant extent, and the trade of the province

is unimportant. The internal communications are still

very imperfect. There is only one railway, that connecting

Lugo with Coruna ; but connexions with Leon (Branueias)
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and witn Orense are m contemplation. The total popula-

tion ia 1877 was 410,387, being a decrease of 22,129 since

1860. Tliere are ten towns with a population over 10,000

—Chantada, Fonsagrada, Lugo, Mondonedo, Monforte,

Panton, Sarria, Savinao, Villalba, and Vivero.

Lugo, the capital of the above province, stands ou a

small hill near the northern bank of the river Mino, at a

height of 1930 feet above the level of the sea, GO miles

south-west from Coruna, and 353 north-west from Madrid,

on the highway between these two cities. With tlie former

it IS continuously connected by rail. The form of the

town, which is nearly quadrangular, is defined by a massive

Roman wall, from 30 to 40 feet in height and 20 feet

thick, with projecting semicircular towers which, prior to

the civil war in 1809, were eighty-five in number; it now
serves as a promenade, commanding an extensive and

delightful prospect. The principal public places are the

Plaza de la Constitucion, a spacious arcaded square, the

Pkza de San Domingo, the Plaza del Hospital, and the

busy Plaza del Campo, where fairs and markets are

held. The most important of the public buildings is the

Gothic cathedral on the south side of the town ; it dates

from the 12 th century, but was modernized in the 18th,

and possesses no special architectural merit. Other

churches are those of the Capuchins and that of San

Domingo ; the only other buildings of note are the episcopal

palace, the secondary school, the hospital, and the prison.

The principal industries are tanning, aud the manufac-

ture of linen cloth and of cream of tartar ; there is some
trade in silk wares. About a mile to the south of the

town,'on the left bank of the Mino, are the famous hot

sulphur baths of Lugo ; the bathing house dates from

1847. The population of the ayuntamiento in 1877 waa
18,909.

Lugo {Lucus Aiigusli) w.is made by Augustus the seat of a con-

ventiis jaridlcus. Its suli]lmr baths were even then well known.
It suffered greatly in the 5th century, during the Moorish wars,

and, more recently, during the war of independence. The bishopric

dates from a very early period, and it is said to have acquired

metropolitan rank in the middle of the 6th century ; it is now
Bulfragan to Santiago.

LUGOS, a market-town of Hungary, capital of the

trans-Tisian county of Krass6, is situated on the Temes,

and on the railway from TemesvAr to KarAnsebes, 32 miles

east-south-east of the former, in 45° 41' N. lat., 21° 53' E.

long. The two main portions of the town, separated by
the river, and named respectively N^met- (German) Lugos
and Romdn- (Roumanian) Lugos, are connected by a wooden
bridge 312 feet in length. Lugos is the seat of a Greek
Catholic (Roumanian) bishopric, of royal and circuit courts

of law, and of the usual bureaus of a county administration.

The public and other buildings include Greek Orlhodos,

Greek Catholic, Roman Catholic, and Lutheran churches,

a synagogue, a royal upper gymnasium (founded in 1823),

a Minorite convent, an episcopal palace, the barracks, and

the ruins of a castle. The surroanding country is moun-

tainous and well-wooded, and produces large quantities of

grapes and plums. In 1880 the population was 11,287,

of whom 347 G, chiefly Germans, were in Ndmet-Lugos,

and 7811, Roumanians, with a few Slavonians and Magj'ars,

in Romdn-Lugos.
Lugos was once a strong fortress and of greater relative im-

jmi-tance than at present. During the 16th and 17th centuries it

suffered much at the hands of tiie Turks. At the close of the

Hungarian revolutionary war (August 18-19) it was the last resort of

Kossuth and several other leaders of the national cause previous to

iheir esuapo to Turkey.

LUINI, Bebnaedino, the most celebrated master of the

Lombard school of painting founded upon the style of

Leonardo da Vinci, was born at Luino, a village on the

Lago Maggiorc, towards 140.5. He himself wrote his

name as " Beraardin Lovino," but the spelling " Luini " is

now very generally adopted. Few facts are known regard

ing the life of this illustrious and delightful painter, ani

it is only since a comparatively recent date that he haJ

even been credited with the production of his own woiku,

aud with the fame thereto appertaining, as many of th^ciTi

had, in the lapse of years and laxity of attribution, got

assigned to Leonardo. It appears that Luini studied

painting at Vercelli under Gioveuoue, or perhaps undei

Lo Scutto. He reached Milan either after the dcpartuvc

of Da Vinci in 1500, or shortly before that event; it is

thus left uncertahi whether or not the two artists had any

personal acquaintance, but Luini was at any rate in the

painting-school established in Milan by the great Floren-

tine. In the latter works of Luini a certain influence from

the style of Raphael is superadded to that, far more pro-

minent and fundamental, from the style of Leonardo; but

there is nothing to show that he ever visited Rome. His

two sons are the only pupils who have with confidence been

assigned to him ; and even this can scarcely be true of the

younger, who was born in 1530, when Bernardino was

well advanced in years, and was not far from the close of

his career. Gaudenzio Ferrari has also been termed his

disciple. One of the sons, Evangelista, has left little

which can now be identilied ; the other, Aurelio, was

accomplished in perspective and landscape work. There

vras likewise a brother of Bernardino, named Ambrogio,

a competent painter. Bernardino, who hardly ever left

Lombardy, had some merit as a poet, and is said to

have composed a treatise on painting. The precise data

of his death is unknown ; he may perhaps have survived

till about 1540. A serene, contented, and happy mind,

naturally expressing itself in forms of grace aud beauty,

seems stamped upon all the works of Luini. The same

character is traceable in his portrait, painted in an upper

group in his fresco of Christ Crowned with Thorns in the

Ambrosian library in Milan,—a venerable bearded person-

age. The only anecdote which has been preserved of him

tells a similar tale. It is said that for the single figures

of saints in the church at Saronno he received a sum of

money equal to 22 francs per day, along with wine, bread,

and lodging ; and he was so well satisfied with this re-

muneration that, in completing the commission, he painted

a Nativity for notliing.

Along, with this natural sweetness of character, a

dignified suavity is the most marked characteristic of

Luini's works. They are constantly beautiful, with a

beauty which depends at least as much upon the loving

self-withdrawn expression as upon the mere refinement

and attractiveness of form. This quality of expression

appears in aU Luini's productions, whether secular or

sacred, and imbues the latter with a peculiarly religious

grace—not ecclesiastical unction, but the devontness of the

heart. His heads, while extremely like those painted by

Leonardo, have less subtlety and involution aud less variety

of expression, but fully as much amenity. Ho began

indeed with a somewhat dry style, as in the Pieti in the

church of the Passiono ; but this soon developed into the

quality which distinguishes all his most renowned works ;

although his execution, especially as regards modelling, was

never absolutely on a par with that of Leonardo. Luini's

paintings do not exhibit an impetuous style of execu-

tion, and certainly not a negligent one
;
yet it appears that

he was in fact a very rapid worker, as his picture of the

Crowning with Thorns, painted for the College del S.

Sepolcro, and containing a large number of figures, is

recorded to have occupied him only thirty-eight days, to

which s.n assistant added eleven. His method was simple

and expeditious, the shadows being painted with the pure

colour laid on thick, while the lights are of the same colour

thinly used, and mixed with a little white. The frescos
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exhibit more freedom of hand than the oil pictures; aud
they are on the whole less like the work of Da Vinci,
having at an early date a certain resemblance to the style

of Mantegna, as later on to that of Raphael. Luini's

colouring is mostly rich, and his light and shade forcible.

Among his principal works the following are to be mentioned.
At Saronno are frescos painted towaMs 1525, representing the life

of the Madonna—her Marriage, the Presentation of the Infant
SaTiour in the Temple, the Adoration gf the Magi, and other inci-

dents. His own portrait appears in the subject of the youthful
Jesus with the Doctors in the Temple. This series—in which some
comparatively archaic details occur, such as gilded nimbuses—was
partly repeated from one which Luini had executed towards 1520
in S. Croce. In the Brera Gallery, Milan, are frescos from the
suppressed church of La Pace and the Convent della Pelucca,—the
former treating subjects from the life of the Virgin, the latter, of
a classic kind, more decorative in manner. The subject of girls
playing at the game of "hot-cockles," and that of three angels
depositing St Catherine in her sepulchre, are particularly memor-
able, each of them a work of perfect chann and grace in its way.
In the Casa Silva, Milan, are frescos from Ovid's Mdamorplwscs.
The Monastero Maggiore of Milan (or church of S. Maurizio) is

a noble treasure-house of Luini's art,—including a large Cruci-
fixion, with about one hundr^Ji and forty figures ; Christ Bound to
the Column, between figures of Saints Catherine and Stephen, and
the founder of the chtipel kneeling before Catherine ; the Martyr-
dom of this Saint; the Entombment of Christ ; and a large number
of other subjects. In thS Ambrosian library is the fresco (already
mentioned), covering one entire wall of the Sala della S. Corona,
of Christ Crowned with Thorns, with two executioners, and on
each side six members of a confraternity ; in the same building the
Infant Baptist Playing with a Lamb ; iu the Brera, the Virgin
Enthroned, with Saints, dated 1521 ; in the Louvre, the Daughter
of Herodias receiving the Head of the Baptist ; in the Esterhazy
Gallery, Vienna, the Virgin between Saints Catherine and Barbara;
in the National Gallery, London, Christ Disputing with the
Doctors. Many or most of these gallery pictures used to pass for

the handiwork of Da Vinci. The same is the case with the highly
celebrated Vanity and Modesty in the Sciarra Palace, Rome,-
which also may nevertheless in all probability be assigned to'

Luini. Another singularly beautiful picture by him, which seems
to pass almost entirely unobserved by tourists aud by writers, is iu

the Royal Palace in Milan—a large composition of Women Bathing.
That Luini was also pre-eminent as a decorative artist is shown by
his works in the Certosa of Pavia.

LUKE, whose name is traditionally attached to the

Third Gospel, appears to have been one of the com-
panions of Paul, being mentioned as such in Col. iv. 14,

Philem. 24, and 2 Tim. iv. 11 ; even if, as some critics

suppose, these epistles were not written by Paul himself ,they
are at any rate likely to have preserved the local colouring.

Assuming, as is probable, that the same person is intended

in all three passages, we gather (1) that Luke was not a

born Jew, since in Col iv. 11, "those who are of the

circumcision" appear to be separated from those, among
whom is Luke, who are mentioned afterwards (but there

is nothing to determine the question, which has since been

raised, whether he had been a Jewish proselyte or a Gen-
tile), and (2) that he was a physician. There was an early

belief, first mentioned by Irenreus, that he is spoken of,

though not mentioned by name, in 2 Cor. viii. 18, as
" the brother whose praise is in the gospel throughout all

the churches "; and the subscription of that epistle in some
JfSS., and in the Peschito and other versions,.embodie8

this belief. Of his birth and country nothing is positively

known ; but it is a possible inference from his name Lucas,

which is a cootraction of Liicanus (the full form occurs in

some early. MSS. of the Itala), that he was of Italian

(Lucanian) descent

From the time of Irenaeus, whose testimony is soon

follo'wed by that of Clement of Alexandria, Tertullian, and
Origen, this companion of Paul has generally been con-

sidered to be the author of the third canonical Gospel and
of the Acts of the Apostles ; but no other facts .are

mentioned by early writers as to his personal history,

except such as may be gathered from the writings which

aie attributed to him. Tertullian, for example, speaks of

him as " non apostolus sed apostolicus," and as " posterioris

apostolisectator"(/lcZy.A/a)-aon., 4, 2) ; and the Muratorian
fragment says that he had not seen the Lord in the flesh.

The most important of these biographical inferences are

those which were made by Eusebius, who, translating, or

mistranslating, TraprjKoXovdrjKori iracri,, in the preface to

the Gospel, by "-having accompanied all," i.e., the
" eyewitnesses and ministers of the word," Infers that Luke
was a companion not of , Paul only but also of the other

apostles, and, probably referring to Acts xiiL 1, says that

he was " one of those from AntiocL"^ These inferences of

Eusebius are further elaborated by Jerome, who adds,

without quoting any authority, that he wrote the Gospel in

Achaia or Bceotia (many MSS. have Bithynia), and the

Acts at Rome.^
Those who accept this tradition of his having been the

author of the Acts of the Apostles usually infer from the

flections of that work in which the pronoun " we " is

employed that he accompanied Paul on part of his

second and third missionary journeys, and also on his

voyage to Rome. The first of these sections begins with
the apostle's determination to go into Macedonia, and ends
when he has left Philippi (Acts xvi. 10-40); the second
begins when the appstle returns to Philippi, and ends with

bis arrival at Jerusalem (Acts xx. 6-xxL 18); the third

begins with his sailing from Caesarea, and ends with his

arrival at Rome (Acts xxviL 1-xxviiL IG). Even some
of those who assign the greater part of the book to a much
later date think that these sections may be extracts from
an original diary of a companion of Paul, and that this

companion may have been Luke. Others, however, think

it improbable that Luke, without being specially mentioned

either in them or elsewhere, should have accompanied
Paul on his voyage to Rome, and assign these sections to

Timothy, or Titus, or SQas (some have added the very

improbable conjecture that Luke and Silas are the same
person).

The other biographical details which are found in patristic litera-

ture, and which are not inferences from the New 'Testament, rest

upon no certain evidence, and are frequently at variance not only
with one another but also with earlier documents. It is sometimes
stated that he was one of the seventy disciples ; this statement is

found in Epiphanius (Hares., iL 11), in pseudo-Origen {De recta in

Deum fide, ed. De la Rue, voL L p. 806), in Gregory the Great

(Moral, i. 1), and elsewhere ; but it is inconsistent, not only with
Tertullian and the Muratorian fragment, but also with the clear in-

ference from the preface to the Gospel that its author was not him-
self an eyewitness of what he narrates. It is also stated that he
was one of the two disciples who went to Emmaus (S. Greg. Magn.,
Moral, i. 1 ; Paul. Diacon. , Eomil. 59 ta Natali S. Lucx ; and
others) ; but this statement is discredited by the same facts as the

preceding. Like aU the other disciples whose names are mentioned
in the New Testament, he is said to have gone forth as a preacher

of the gospel ; but statements vary widely as to the place in which
he preached : Gregory of Nazianzus says Achaia ; Epiphanius says

Dalmatia, Gaul, Italy, and Macedonia ; CEcumenius Says Africa
;

later legends mention his having been at Enns in Austria (Hansiz,

Germ. Sacra, vol. i. p. 15). And also, like most of the other

early disciples, he is said not only to hsive preached the gospel

but also to have suffered death for its sake. Gaudentius of

Brescia says that this occurred at Patra in Achaia, and Nice-

Ehorus specifies as the manner of his martyrdom that he was

ung on an olive tree. But elsewhere it is stated or implied

that he died an ordinary death, either at Thebes in Bceotia

(Martyrol. Basil.), or in Bitliynia (Paulus Diaconus, Isidore

of Seville, and the Martyrologics of Ado and Usuardi). ' Most
traditions agree in stating that his body was transferred by Con-

stantius to Constantinople ("Chron. Hieron.," ap. Mai, Nov.

Script. Coll ; Prosper Aquitanus, Paulus Diaconus, Nicephoms,

and others), but its place of burial seems to have been for-

gotten, and Procopius (be asdif. Justin., i. 4) mentions that it was

discovered in Justinian's time in digging the foundations of a new

1 Some have thought that, like the persons who are mentioned by

Origen, Comm. in Rom., chap. i. (vol. iv. p. 686, ed. De la Rue),

Eusebius here confuses the two names Lucas and Lucius.

' De Viris lllustr,, chap. vii. ; Comm. in Matth., pref., voL vii.

p. 3.
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oliurch ; n siilisequent traiiition otated that it was ufterwoids
removed to Italy, and in tlie 15th century Pius II. commissioned
Cardinal Bessarion to decido upon a violent conlroveisy between
the Minorite monastery of S. Job at Venice and the Benedictine

monastery of S. Giustiua at Padua, each of which claimed to pos-

sess the perfect relics of the evangelist.

A late tradition represents Luke to have been a painter asi well as

a physician ; the tradition first afpea's in a doubtful fragment of an
author of doubtful date, Theodoias Lector (printed in H. Valois's

•edition of Theodoret, p. 618), who mentions that the empress

Eudocia sent to Pulcheria, from Jerusalem to Constantinople, a

fiicture of the Virgin painted by Luke. The same story is

mentioned in an almost certainly spurious oration of John of

Damascus {Oral, in Constant. Oopron., c. 6., vol. L p. 618, ed. Le
<Juien) ; and the first certain authorities for the tradition are

Symeon Metaphrastes and the iUnologmm of Basil the younger,

"both of which belong to the 10th century. That tho tradition is

not of much earlier growth is proved by tUe fact that, if it had ex-

isted, it could not fail to have been largely used in the iconoclastic

controversy.

The martyrologies and calendars for the most part agree in fixing

Luke's festival on October IS; butadoubt is expressed whether that

day should be regarded as the anniversary of his birth or of the

translation of his remains to Constantinople.

In Christian art he is usually symbolized by au ox (with reference

to Ezekiel i. 10, Revelation iv. 7), on the significance of which
symbol various statements were made by botlr Eastern and Western
-writers (some of them will be found quoted by Ciampini, Vet.

Ilomim., vol. i. 192). (E. HA.)

LUKE, Gospel of. See Gospels.

LUKOW, a town of Russian Poland, in the province of

Siedlce, 60 miles by rail to the west of Brest-Litovsky.

Owing to its situation on the railway and in the centre of

a rich district, it is rapidly developing. The population is

11,050.

LUKOYANOFF, a district town in Eussia, in the

government of Nijni-Novgorod, 108 miles south-south-east

of the chief town of the government, on the highway to

Saratoff, at the sources of the Tesha river, tributary of

the Oka. It is situated in a district where agriculture is

carried on to a large extent, corn being sold to distilleries,

and hemp exported, while the extensive forests furnish

materials for the production of wooden wares. Wooden
spoons, buckets, sledges, carts,implements for linen weaving,

are made in large quantities by the peasants of tho neigh-

tuuring villages, and exported to the steppe provinces of

southern Russia ; and there is also considerable trade in

timber, felts, fishing nets, nails, &c. Population 9600.

LULLY, Giovanni Battista (1633-1687), was born in

Florence, and joined in 165C, as a violinist, tlie orchestra of

the French court. Th'o-gh faendless and in a foreign

country, his genius soon opened for him a road to honours

and wealth. He was appointed director of muoic to King
Louis XIV., and director of the Paris opera. The influence

of his music was so great as to produce a radical revolu-

tion in the style of the dances of the co.urt itself. Instead

of the slow and stately movements, which had prevailed

until then, he introduced lively and rhythmically quick

ballets. Having found a congenial poet in Quinault,

Lully composed twenty operas, which met with a most
enthusiastic reception from a delighted public. He effected

important improvements in the composition of the

orchestra, into which he introduced several new instru-

ments. Lully enjoyed the friendship of Moliere, for some
of whose best plays he composed illustrative music.

His Miserere, written for tho funeral of the minister

Sequier, is a splendid work of genius ; and very re-

markable are also his minor sacred compositions. On
his death-bed he wrote Bisoyna morire, peccatore. Lully's

right to be numbered among the most original and the

best musicians is undoubted. His music is full of the

most charming and enthralling forms of Italian melody

;

and the fact of .its being even now performed, after the

lapse of so many years, is proof suflBci.ent of its inherent

beauty and intrinsic worth.

LULLY, Raymond (1235-1315), the inventor of a
fantastic system of logic% which Mohammedans should bs
converted to Christianity, was born at Palma, in the islsnrj

of Majorca, in 1235. His father had been born at

Barcelona, and belonged to a distinguished Cata'onian
family ; but for his services in helping to recover the
Balearic islands from the Saracens he was rewarded with
a gift of land in the conquered territory, and the paternal

estates descended to his enthusiastically-minded son. The
younger Lully, however, showed at first but little of the
speculative tendencies which he afterwards developed, and
his early years were spent in the gaiety and even profligacy

of a courtier in the service of James IL, of Aragon, who
appointed liim grand seneschal of the isle. He married,
but notwithstanding sought the reputation of a gal-i

lant, and was mixed up in more than one intrigue.

Something, however, of tho nature of a cancer, 'which
attacked one of the objects of his passion, Signora
Ambrosia,—such is the way in which we are asked to

account for his "conversion,"— affected him so deeply that

he abandoned in his thirty-second year his licentious life,

and, having distributed the greater portion of his goods to his

family and the poor, he withdrew to the retirement of a

cell on Mount Randa, the only part of his property which
he had reserved for himself. Visions of a crucified Saviour

and like phenomena confirmed him in his devotion 'o the

cause of Christ, and in the course of a nine years' retreat

^n Randa he came to regard himself as commissioned by
God to refute the errors of Mohammed.

This missionary cMl became henceforth the actuating

principle in Lully's life. To realize it, he went to Paris in

his fortieth year, to prosecute the study of Latin and logic

;

and, with a view to becoming familiar with the language

of the infidels, he engaged the services of an unlettered

Arabian, who. finding that Lully was seeking to demolish

the faith of Islam, attempted to assassint.te his naster.

This need ^'f acquiring a knowledge of the language of

the church's adversary became itself now one of Lully's

favourite ideas. In 1286 he began a series of visits, which

he made to Rome to induce the supreme pontiff to found

colleges for the study of Arabic ; but the small success

which would attend his efforts in this direction was fore-

shadowed by the death of Honorius (then pope) before he'

could attain an audience of him. Meanwhile Lully had

become discontented with the methods of science com-

monly in use, and had set himself to construct his " great

art," a method which, by mechanically presenting all the

predicates which could attach to any subject, was adapted

to answer any question on any topic, and would (its author

imagined) by the cogency of its inferences necessarily con-

vert the heathen. His natural enthusiasm respecting the

consequences of this art were strengthened by revelations

(as he judged them) of the co-operation of God in his

designs, and he gave himself ui>, with the fervour of a

divinely appointed missionary, to the work of spreading a

knowledge of his "great art" in every country. He
expounded it at Paris and Montpellier in 1286, and after

a visit to Pope Nicholas, to solicit his help in founding

linguistic colleges, and a serious illness at Genoa, brought

on apparently by an isolated fit of nervous cowardice in

face of the dangers he was going to encounter, he sailed

to Tunis, to apply his new method to tho errors of

Mohammedanism. At Tunis his attacks upon the religion

of the country led to his being cast into prison, and it was

only by the mediation of a sheikh, who had been

impressed by the earnestness of the Christian preacher^

that he managed to escape to sea, not without the roughest

treatment at the hands of the mob, and find his way to

Naples.

A new influence was brought to bear on Lully's life at
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LUNEVILLE, the chief place of an arrondissement in

the department of Meurthe and Moselle, France, 240 miles

east of Paris by rail on the line to Strasburg, stands in the

midst of meadows between the Meurthe and the Vezouze a

little above their confluence. It is a handsome town regu-

larly built. The chateau, designed early in the 18th century

by the royal architect Boflfrand, was the favourite residence

of Duke Leopold of Lorraine, where he gathered round

him the academy 'composed of eminent men of the district.

It is now a cavalry barrack. Lun^ville has" always been

an important cavalry station, and has a riding school where

two hundred horsemen can exercise at the same time. The
church of St Jacques, with its two towers, dates froni the

same period as the chateau. The church of St Maur,

in the Byzantine style, is but thirty years old. • The dis-

trict round Lun^vLlle is mainly agricultural, and the town
has a fine corn exchange. The manufactures include

pottery, embroideries, gloves, cotton cloth, and cooking

stoves. There are starch works and gypsum kUns, and a

considerable trade in grain, flour, hops, and other agricul-

tural produca The population in 1876 was 16,041.

The name of Lunoville is derived from an ancient cult of Diana.

A sacred fountain and medals with the effigy of this goddess have
been found at Leormont, some 2 miles east of the town. Luneville

formed part of Austrasia, and after various changes fell to the crown
of Lorraine. A walled town in the Middle Ages, it suffered in

the Thirty Years' War and in the campaigns of Louis XIV. from war
and its consequences—plague and famine. The town flourished

again under Dukes Leopold and Stanislas, on the death of the

latter of whom, which took place at Luneville, Lorraine was united
to France (1766). The treaty of Luneville between France and
Austria (1801) confirmed the former power in the possession of the

left bank of the Khine. The town was the birthplace of the

-emperor Francis, husband of Maria Theresa, and of the painter Jean
Girardet.

LUPERCALIA, one of the most remarkable and
interesting Roman festivals. Its origin is attributed to

Evander, or to Komulus before he founded the city, and
its ceremonial is in many respects unique in Roman ritual

In front of the Porta Romana, on the western side of the

Palatine hill, close to the Fiats Ruminalis and the Casa
Romuli, was the cave of Lupercus ; in it, according to the

legend, the she-wolf had suckled the twins, and the bronze

wolf which is still preserved in the Capitol was placed

in it in 296 B.C. But the festival itself, which was held

on February 15th under the direction of the jfamera dialis,

contains no reference to the Romulus legend, which is

probably later in origin (see Mommsen in Hermes, 1881).

The celebrants, who were called Luperci, offered in sacrifice

goats and a dog; th^fiamen dialis himself was forbidden

to touch either kind of animal, and it can hardly be doubted
that the Lupercal sacrifice is older than the prohibition.

After the sacrifice two of the Luperci were led to the altar,

their foreheads were touched with a bloody sword, and the

blood wiped oS' with wool dipped in milk ; then the ritual

required that the two young men should laugL The
sacrificial feast followed, after which the Luperci cut thongs

from the skins of the victims and ran in two bands round
the walls of the old Palatine city, striking the people who
crowded near. A blow from the thong prevented sterility

in women. -These thongs were called Felrna, the festival

Februaiio, and the day Dies Februetus ; hence arose the

name of the month February, the last of the old Roman
year. The nearest analogy in the Roman religion to the

Lupercalia is the occasional Amburbium, in which the

victims were led round the walls of Rome and then

sacrificed. The Lupercalia was associated with the circuit

of the Palatine city, which had been a city long before the

seven-hilled Rome, and the line of the old Palatine walls

was marked with stones for the Luperci to run round.

Unger has proved that the festival was originally a rite

peculiar to the tribe of the Ramnes, the old dwellers on

the Palatine, and thai it was in the 3d century b.c
widened to a festival of the whole city. It is probable that

then the whole ceremonial was modified ; the Luperci, who
were originally chosen from the Ramnes alone, were chosen

from the whole body of the Equites, the people assembled

round the hill, and the ceremony of scourging to avert

sterility was added. Originally therefore the Luperci

simply encompassed the walls as the victims did at the

Amburbium, and the ceremonial connected with the two
young men has generally been taken as a proof that they

were at one time actually sacrificed after being led round
the walls, and that a vicarious sacrifice was afterwards

substituted for the ancient human off'ering. The Luper-
calia was therefore a ceremony of purification performed

for the walls and for the whole of the old Palatine city,

from which it follows that it was dedicated to the peculiar

god of that city. In early time the name of the god was
kept strictly secret, as it was unsafe that an enemy
should know" it and be able to invoke him. Hence arise

many conflicting statements as to the name. In later

times, when the bonds of early religion were relaxed, the

name became known. The god was, as Livy relates,

Inuus, an old Italian deity known chiefly in southern

Etruria, where there existed two towns named Castrum
Inui He was a form of the supreme heaven-god, very

like Mars in character, and the rites with which his anger

was averted > may be compared with those of Zeus on

Mount Pelion or with the Maimacteria in Athens. The
I/uperci were divided into two collegia called Quiutiliani or

Quinetiales (the form is doubtful, see Mommsen, Som.
Forsck, L 17) and Fatiani ; at the head of each was a

magister. In 44 b.c. a third collegium, Juliani, was insti-

tuted in honour of Julius Caesar, the ^vst magister oi which

was M. Antony.

This account follows in almost every particular that of Cngcr
C^Xcin. Mus., 1881). He derives Lupercus from lua and parco in

the old sense of restrain, and Inuus from a root seen in avis inubra

or inebra, ivaivoiiai, ae., meaning to avert or prohibit, and sees in

the festival a national ceremony of the Palatine city, not with
Marquardt {Rom. Staalsverw., iii. 421) a widened gentile cultus of

the Fabri and Quinctii or Quintilii.

LUPINE, Lnpiints, L., a genus, of over eighty species, of

the tribe Genistex of the order Leguminosst. Species with

digitate leaves range along the west side of America

from British Columbia to Bolivia, while a few occur in

the Mediterranean regions. A few others with entire

leaves are found in South Carolina, the Cape, and Cochin-

China (TDC, Prod., it p. 406 ; Benth. and Hook., Gen.

PL, i. 480). The leaves are remarkable for " sleep-

ing " in three diff'erent ways. From being in the form of

a horizontal star by day, the leaflets either fall and form a

hollow cone with their bases upwards {L. pilosus), or rise

and the cone is inverted {L. hUeus), or else the shorter

leaflets fall and the longer rise, and so together form a

vertical star (many sp.) ; the object in every case being to

protect the surfaces of the leaflets from radiation (Darwin,

Movements of PL, p. 340). The flowers are of the usual
" papilionaceous '.' or pea-like form, blue, white, purple, or

yellow, in long terminal spikes. The stamens are mona-
delphous and bear dimorphic anthers. The species of

which earliest mention is made is probably L. Termis,

Forsk., of Egypt. This is possibly the ip(/3Lv6oi-oi Homer
{IL, xiii. 589). It is no longer found in Greece, but is

extensively cultivated in Egypt. Its seeds ara eaten by the

poor after being steeped in water to remove their bitter-

ness ; the stems furnish fuel and the best charcoal for

gunpowder (Pick., Chron. Hist, of PL, 183). Two other

species appear to have been cultivated by the ancients,

L. sativus {alhvs, L.) alMed to L. Termis, and L. kirsufus,

L., this latter only about Sparta (Pick., Lc, p. 202) ; L.

angusiifolius, L., was a corn-field weed, the ^ep/ios aypiot
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«f Dioscorides. The 6ipfio<; rjfiepois was used to counteract

the effects of drink (Athen., 55, C). The seeds were used

as money on the stage (Plaut., Pcen., 3, 2, 20 ; Hor., Ep.,

i. 7, 23). L. albus, L., was also cultivated as a field lupine,

the L. sativus of the Romans, referred to by Cato, E. E.,

34, 2; Virgil, Georg., i. 75; Pliny, xviii. 36; &c. In

1597 Gerard (Z?«rW;, p. 1042) writes :—" There be diners

sortes of the flat Beane called Lupine, some of the garden,

and others wild " ; and he figures three species, L. sativus

(now L. albus, L.), L. luleus, L., and L. va7-ius, L. Few
species are in cultivation now, but the varieties are very

numerous (see Paxton's Bot. Did., p. 345 ; Hemsley's

Hand, of Hardy Trees, &c., p. 115). Of species now
grown, L. albus, L., is still extensively cultivated in Italy,

Sicily, and other Mediterranean. countries for forage, for

ploughing in to enrich the land, and for its round flat

seeds, which form an article of food. This, as well as the

other two mentioned by Gerard, have been superseded as

garden flowers by the American species, e.g., L. arboreus,

Sims, and L. polyphyllus, from California ; L. versicolor

and L. iomentosus, from Peru.

LURAY CAVERN, in Page county, Virginia, United

States, 39° 35' N. lat. and 78° 17' W. long., is 1 mile-

west of the village of Luray, on the Shenandoah Valley

Railroad. The valley, here 10 miles v/ide, extends from

the Blue Ridge to the Massanutton mountain, and displays

remarkably fine scenery. These ridges lie in vast folds

and wrinkles ; and elevations in the valley are often found

to be pierced by erosion. Cave Hill, 300 feet above the

water-level, had long been an object of local interest on

account of its pits and oval hollows, or sink-holes, through

one of which, August 13, 1878, Mr Andrew J. Campbell

and others entered, thus discovering the extensive and

beautiful cavern now described.

Geologically considered, the Luray cavern does not date

beyond the Tertiary period, though carved from the Silurian

limestone. At some period long subsequent to its original

excavation, and after many large stalactites had grown, it

was completely filled with glacial mud charged with acid,

whereby the dripstone was eroded into singularly grotesque

shapes. After the mud had been mostly removed by flow-

ing water, these eroded forms remained amid the new
growths. To this contrast may be ascribed some of the

most striking scenes in the cave. The many and extra-

ordinary-monuments of aqueous energy include massive

columns wrenched from their place in the ceiling and pro-

strate on the floor; the hollow column 40 feet high and

30 feet in diameter, standing erect, but pierced by a

tubular passage from top to bottom ; the leaning column,

nearly as large, undermined and tilting like the campanile

of Pisa ; the organ, a cluster of stalactites dropped points

downward and standing thus in the room known as the

-cathedral ; besides a Vast bed of disintegrated carbonates

left by the whirling flood in its retreat through the great

space called the Elfin Ramble.

The stalactitic display exceeds that of any other cavern

known, and there is hardly a square yard on the walls or

ceiling that is not thus ornamented. The old material is

yellow, brown, or red; and its wavy surface often shows

layers like the gnarled grain of costly woods. The new
stalactites growing from the old, and made of hard carbon-

ates that had already once been used, are usually white

as snow, though often pink, blue, or amber-coloured. The

size attained by single specimens is surprising. The

Empress Column is a stalagmite 35 feet high, rose-coloured,

and elaborately draped. The double cohimn, named from

Professors Henry and Baird, is made of two fluted pillars

side by side, the one 25 and the other 60 feet high, a mass

of snowy alabaster. Several stalactites in the Giant Hall

«xcee3 50 feet in length. The smaller pendents are in-

numerable
; in the canopy above the Imperial Spring it is

estimated that 40,000 are visible at once.

The " cascades " pointed out are wonderful formations
like foaming cataracts caught in mid-air and transformed
into milk-white or amber alabaster. The Chalcedony
Cascade displays a variety of colours. Brand's Cascade,
which is the finest of all, being 40 feet, high and 30 feet

wide, is unsullied and wax-like white, each ripple and
braided rill seeming to have been polished.

The Swords of the Titans are monstrous blades, eight ia

number, 50 feet long, 3 to 8 feet wide, hollow, 1 to 2 feet

thick, but drawn down to an extremely thin edge, and
filling the cavern with tones like tolling bells when struck

heavily by the hand. Their origin and also that of certain

so-called scarfs and blankets exhibited is from carbonates

deposited by water trickling down a sloping and corrugated

COLLINS CROTTO

Luray Cavern. Scale 290 feet to the ii ch.

1. The Vestibule. 13. Saracen's Tent. S.'i. Helen's Scaif

2. WashinRlon's Pillar, )4. The Orciin 20. Chnpmnn s Lake.

3. Flower Garden. 15. Tiwer of Babel. 27 Rroaddus Lake.

4. Amphltheatve. 16. Empress Column. 28 Castles on the Rhine.

5. Natural Biidge. 17. Hollow Column. 20. Imperial Spiing.

G. Fi^h Market. 18. Henry-Eainl Column 30. The Skeleton.

7. Crj'stal Spring. 19. Chalcedony Cascade. 31. The Twin I akcs.

8. Proserpine's Pillar. 20. Coral Spnnfi. 32. The Engine Itouin.

9 The Spectral Ciilumn. 21. The DraRon. 33 Miller's Room.

10 Hovey's Balcony. 22. Bootjack Alley. 34. Hawca Cabinet

11 Obe-on's Grot. 23. Scaly Column. 85. Specimen AiTHuo.

12. Titanla's Yell. 24. Lost Blanket. 36 Proposed Exit

surface. Sixteen of these alabaster scarfs hang side by side

ia Hovey's Balcony three white and fine as crape shawls,

thirteen striated like agate with every shade of brown, and

all perfectly translucent. Down the edge of each a tiny

rill glistens like silver, and this is the ever-plying shuttle

that weaves the fairy fabric.

Streams and true springs are absent, but there are

hundreds of basins, varying from 1 to 50 feet in diameter,

and from 6 inches to 15 feet in depth. The water in them

is exquisitely pure, except as it is impregnated by the

carbonate of lime, which often forms concretions, called,

according to their size, pearls, eggs, and snowballs. A
large one is known as the cannon ball. On fracture these

spherical growths are found to be radiated in structure.

Calcite crystals, drusy, feathery, or fern-like, line the

sides and bottom of every water-filled cavity, and indeed

constitute the substance of wtich they are made. Varia-

tions of level at different periods are marked by rings,

ridges, and ruffled margins. These are strongly marked

about Broaddus Lake, and the curved ramparts of the

Castles on the Rhine. Here also are polished stalag-

mites, a rich buff slashed with white, and others, like
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huge mushrooms, with a velvety coat of red, purple, or

olive-tinted crystals. In some of the smaller basins it

sometimes happens that when the excess of carbonic acid

escapes rapidly there is forrned, besides the crystal bed
below, a film above, shot like a sheet of ice across the sur-

face. One pool 12 feet wide is thus covered so as to show
but a third of its surface. The quantity of water in the

cavern varies greatly at different seasons. Hence some
stalactites have their tips under water long enough to allow

tassels of crystals to grow on them, which, in a drier season,

are again coated over with stalactitic matter ; and thus"

singular distortions are occasioned. Contiguous stalactites

are often inwrapped thus tiU they assume an almost

globular form, through which, by making a section, the

primary tubes appear. Twig-like projections, lateral out-

growths, to which the term helictite has been applied, are

met with in certain portions of the cave, and are interesting

by their strange and uncouth contortions. Their presence

is partly due to the existence of a diminutive fungus
peculiar to the locality, and designated from its habitat

Mucor italaditis. The Toy-Shop is an amusing collection

of these freaks of nature.

The -dimensions of the various chambers included in

Luray Cavern cannot easily be stated, on account of the

great irregularity of their outlines. Their size may be
seen from tlie diagram on p. 67. But it should be under-

stood that there are several tiers of galleries, and the

vertical depth from the highest to the lowest is 260 feet.

The trace of 100 acres owned by the Luray Cave Company
covers all possible modes of entrance; and the explored

area is much less than that.

The waters of this cavern appear to be entirely destitute

of life ; and the existing fauna is quite meagre, comprising
only a few bats, rats, mice, spiders, flies, and small centi-

pedes. When the cave was first entered, the floor was
covered with thousands of tracks of raccoons, wolves, and
bears,—most of them probably made long ago, as impres-

sions made in the tenacious clay that composes most of

the cavern floor would remain unchanged for centuries.

Layers of excrementitious matter appear, and also many
small bones, along with a few large ones, uil of existing

species. The traces of human occupation as yet discovered

are pieces of charcoal, flints, moccasin tracks, and a single

skeleton imbedded in stalagmite in one of the chasms, esti-

mated to have lain where found fornot morethanfivehundred
years, judging from the present rate of stilagmitic growth.

The temperature is uniformly 54° Fahr.,. coinciding with

that of the Mammoth Cave, Kentucky. The air is very

pure, and the avenues are not uncomfortably damp.
The portions open to the public are now lighted by

electric lamps. The registered number of visiters in 1881
was 12,000. (n. c. h.)

LUPiGAN, a market-town in the county of Armagh
and province of Ulster, Ireland, is situated a few miles

south of Lough Neagh, and 20 miles south-west of Belfast

by rail. It consists principally of one spacious and
well-built street. The parish church of Shankill has a
finely proportioned tower. The other principal public

buildings are the town-hall, the mechanics' institute, the
model school, and the linen-halL Contiguous to- the town
is Brownlow House, a fine Elizabethan structure, the

seat of Lord Lurgan. Of late years the linen trade of the

town has much increased, and there are also tobacco

factories and coach factories. From 7774 in 1861 the

population increased in 1871 to 10,632, but in 1881 it

was only 10,18i.
Lurgan was built by William Brownlow, to whom a grant of the

town was made by James I. In lei's it consisted of forty-two
houses, all inhabited by English settlers. It was burned by the
insurgents in 1641, and again by the troops of James II. After its

restoration in 1690 a patent for a market aud fair was obtained.

LURISTAN, or LxhtisTiN, a province of western Persia,

with ill-defined limiLS, but lying mainly between 31° and
33° N. lat. and between 47° and 52° E. long., and bounded
N. and E. by Irak-Adjemi, S. by Farsistan, W. by Khuzis-
tan and the Turkish vilayet of Baghdad. It thus stretches

north-west and south-east some 260 miles, with a mean
breadth of 70 miles and an area of rather less than 20,000
square miles. -The surface ismcotly mountainous, being

occupied in the west by. the Pusht-i-koh range, which
forms the frontier line towards 'Turkey, in the east

by the Bakhtiari (Zagros) range, which runs north-
'

west and south-east, thus connecting the Kurdistan
w'th the Kuh-Dinar or Farsistan highland systems.

Between the parallel Pusht-i-koh and Bakhtiari chains

there stretch some naturally fertile plains and low hilly

districts, which, however, fre little cultivated, although

well-watered by the Karun, Dizful, and Kerkhah, the three

chief rivers of the province. There are two main divisions

—

Luri Buzurg, or " Great "^ Luristan," comprising the

Bakhtiari highlands westwards to .river Dizful, and Lnri

Kuchak, or " Little Luristan," stretching thence to

Khuzistan and Turkey. The latter is again <Jivided into

the Pesh-koh and Pusht-i-koh districts ("before" and
" behind " the mountains), and notwithstanding its name
is by far the most populous and productive of the two.

From the 12th -to the 17th century it formed an

independent principality under hereditary rulers with the

title of "atabeg," the last of whom .\as deposed by Shah
Abbas, and the government transferred to Husen Khan,

chief of the Faili tribe, with the title of "vali." His

descendants are still at the head of the administration

;

bi;t the power of the valis has been much reduced since

the transfer of the Pesh-koh district to Kirmanshah.

Liiristin takes its na .;e from the Luri,-' a semi-nomad people of

Iranian stock and speech, who still form the vast majority of the

population. Great uncertainty has hitherto prevailed regarding the

nomenclature, the main divisions and the true affinity of the Luri
to the other branches of the Iranian family. Thus, from the name
of the present ruling clan all the tribes of Luri Kuchak are com-
monly spoken of as " Faili," a term which is now rejected by the

Pesh-koh tribes, and which, if used at all as a general ethnical

expression, ought to be restricted to those of Pusht-i-lcoh, still

under the rule of the vaU. The classifications of Layard, Eawlin-

son, and A. H. Sckindler differ materially, -while contradictory

statements are made by well-informed writers regarding the physi-

cal and linguistic relations of the Luri to the neighbouring Kurds
and Persians. From a careful _ consideration of the available

evidence it would appear that the Luri are the true aborigines of

their present domain, where they occupy an intermediate position

between the Kurds and Persians, but resembling the former much,
more than the latter in speech, temperament, social habits, and
physical appearance. Although they themselves reject the name
of Kvird, the two languages are essentially one, so that the natives

of Kirmanshah and Dizful have little difficulty in conversing

together. ' Like the Kurds, they are also of a restless and unruly
disposition, averse from a settled life, still dwellers in tents, mostly

owners of flocks and herds, holding agriculture in iontempt, and of

predatory habits. " In appearance the Bakhtiari look rather fierce,

owing probably to the mode of life they lead ; the features of their

face are cast in a rough mould, but although coarse they are in

general regular. Their black eyes look wild and expressive, and the

two black tufts of hair behind their ears give them, if possible, »

still darker appearance. They are muscular built, and are chiefly

of a middle stature " (E. Balfour). In a word, the Luri must be

classed anthropologically in the same group as the Kurds. They
are excellent stockbreeders, and their horses and mules are regarded

as the very best in Persia. Of the mules, about a thousand are

annually exported to the surrounding provinces. Most of the hard

woik is left to the women, who tend the flocks, till the little land

under cultivation, tread out the corn, and weave the carpets, black

goat-hair tents, and horse cloths for which Luristan is famous. The
men put their hands to no useful work, go about armed, and ar«

always ready for a foray. Their constant intertribal feuds render th«

country unsafe for trade and travel, while their revolts against the

central government often cause a total interruption of communi.

' Not to be confounded with the Luri or Lori of Baluchistan ani!

Sind, tinkers, bards, strollmg minstrels, &c., betraying a "marked
atnuity to the Gipsies of Europe " (PoMinger),
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cation Befflrewi €Me gevernl districts. Tliis evil, liowever, Iras some-
what abated since the tribal chiefs have been compeUeJ to give
hostages as security for their good behaviour.

Outwardly Mohammedans of the Shiah sect, the Lilri show little

veneration either for the Prophet or the Koran. Their religion seems
to be a curious mixture of Ali-Ilahism, involving a belief in succes-

sive incarnations and the worship of the national saint, Baba
Buzurg, combined with many mysterious rites, sacrifices, and secret

meetings certainly anterior to Islam, and possibly traceable to the
ancient rites of Jlithras and Anaitis.

The chiefs enjoy almost unlimited authority over their subjects,

a)id the tribal organization is strongly marked by the feudal spirit.

The total population of Luristan is about 320,000, and the average
revenue nearly £10,000 sterling.

LUSATIA (German, Lausitz) is a common name applied

to two neighbouring districts in Germany, Lusatia Superior

and Lusatia Inferior (Oberlausitz and Niederlausitz), belong-

ing in part to Prussia and in part to Saxony. , Ttie country

now known as Upper Lusatia was occupied in the 7th

century by the Milcieni, a Slavonic tribe. In the 10th

century it was annexed to the German kingdom by the

margraves of Meissen, and from this time for several

centuries it was called Budissin (Bautzen), from the name
of the principal fortress. In the 11th and 12th centuries

Budissin changed hands several times, being connected at

different periods with Msissen, Poland, and Bohemia.

The emperor Frederick I. granted it in 1158 to King
Ladislaus of Bohemia, and under him and his immediate
successors it was largely colonized by German immigrants.

Between 1253 and 1319 it belonged to Brandenburg, to

the margrave of which it was given in pledge by King
Ottocar II. of Bohemia; and in 1268 it was divided into

an eastern and a western part— Budissin proper and
Gorlitz. In 1319 Budissin proper was restored to

Bohemia, which also recovered Gorlitz in 1346, It was
during this period that the fortunes of Budissin were

associated with those of the country afterwards called

Lower Lusatia, but originally- Lusatia. It was inhabited

fcy a Slavonic tribe, the Lusici, and reached in the earliest

times from the Black Elster to the Spree. The Lusici

were conquered by Margrave Gero in 963, and their land

was soon formed into a separate march, sometimes attached

to, sometimes independent of, the march of Meissen. In

1303 it passed, as Budissin had done, to Brandenburg,

and in 1373, after several changes, it fell into the handk.

of the emperor Charles IV. as king of Bohemia. During

the Hussite wars the people of Lusatia and Budissin

remained loyal to the Roman Catholic Church, and in

1467. they recognized as their sovereign King Matthias of

Hungary. Twenty-three years later they were again united

to Bohemia, but in the meantime they had received from

the Hungarian Government the names which they have

since retained. In the 16th century the Eeformation

made way rapidly in Upper Lusatia, and the majority of

the people became Protestants. The two countries were

conquered in 1620, with the sanction of Ferdinand II.,

by the Saxon elector, John George I., to whom they

were ceded in 1635, the emperor as king of Bohemia
retaining a certain supremacy for the purpose of guarding

the rights and privileges of the Eoman Catholic Church.

In 1815 the whole of Lower Lusatia and the half of

Upper Lusatia were transferred from Saxony to Prussia.

Lower Lusatia has 395,800 irihabitants, of whom 50,000

are Wends ; the portion of Upper Lusatia belonging to

Prussia has 243,500 inbabitants,of whom 32,000 areWends.

There are 300,000 inhabitants, including 50,000 Wends,

in Saxon Upper Lusatia. Laws relating to Upper Lusatia,

which aro passed by the Saxon Parliament, must still be

submitted to the Lusatian diet at Bautzen.

LLSHAI OR KUKI HILLS, a wild and imperfectly

known tract of country on the north-eastern frontier of

ladia. extending alont; tbe southern border of the Assam

district of CAchdr and the eastern border of the Tengal
district of Chittagoug. On the east, the Lushdi Hills
stretch away into the unexplored mountains of Independent
Burmah. This extensive region is occupied by a numerous
family «f tribes known to us indifferently as Lnshiis or
Kukis. All these tribes are nomadic in their .habits, and
subject to successive waves of migration. It is said that
at the present time the entire race of the LushAis is being
forced southwards into British territory under pressure
from the Soktis, a tribe advancing upon them from Inde-
pendent Burmah. The principal characteristic common to

all the Lushdis, and in which ihey markedly differ from
the other tribes on the Assam frontier, is their feudal
organization under hereditary chiefs. Each village is

under the military command of a chief, who must come oi

a certain royal stock. The chief exercises absolute power
in the village ; and his dignity and wealth are maintained
by a large number of slaves and by fixed contributions of

labour from his free subjects. Cultivation is carried on
according to the nomadic system of tillage on temporary
clearings in the jungle ; but the main occupation of the
people is hunting and warfare

From the earliest times the Lushais have been notorious for their
sanguinary raids into British territory, which are said to be
instigated by their desire to obtain human heads for use at their

funeral ceremonies. The 6rst of which we have record was in 1777.
In 1849 a colony of Lushais settled within Cachar, was attacked
by their independent kinsmen, and forced to migrate northwards
across the Barak river, where they now live as peaceable British
subjects, and are known as " Old Kukis. " In 1860 a raid was made
upon Tipperah district, in which 186 Bengali villagers were
massacred and 100 carried away into captivity. Eetributiva
expeditions, consisting of small forces of sepoys, were repeatedly
sent to punish these raids, but, owing to the difficult nature of the
country and the fugitive tactics of the enerny, no permanent
advantage was gained. At last the disturbed state of the frontier

attracted the attention of the supreme government. A military

demonstration in 1869 had entirely failed in its object. Eelyiup
upon their belief in the impracticable character of their native

country, the Lushais made a series of simultaneous attacks i)'

January 1871 upon British villages in Cachar, Sylhet, and Tipperah
as well as on the independent state of Manipur. The outpost oi

Monierklial repelled a number of attacks, lasting through two dajs,

made by a second body of Lushais from the eastern tribes, who
finally retired with a largo amount of plunder, including many
coolies and guns. Lord Mayo, the viceroy, resolved to make a
vigorous effort to stop those inroads, once and for all. A punitive

expedition was organized, composed of two Giiikha battalions, two
Punjab and,two Bengal native infantry regiments, two compadiet

of sappers and miners, and a detachment of the Peshawar mountain
battery. This little army was divided into two columns, ona
advancing from Cachar and the other from the Chitfagong side.'

Both columns were completely successful. The resistance of the

Lushiis, though obstinate in parts, was completely overcome, and
the chiefs made their personal submission and accepted the terms

offered them. Upwards of one hundred British subjects were

liberated from. captivity. The actual British loss in fighting was

very small, but a large number of soldiers and camp-followers died

from cholera. Since this expedition, the Lushais' have remained

quiet along the entire frontier, and active measures have been

taken to open commercial intercourse between them and the people

of the plains. Many bdzdrs have been established for this purpose,

and trade by barter'is now freely carried on.

LUSTRATION is a term that includes all the methods

of purification and expiation among the Greeks and

Romans. Among the Greeks there aro two ideas clearly

distinguishable—that human nature must purify itself from

guilt 'before it is fit to enter into communion with God or

even lo associate with men {Kadaipm, KaOapa-is), and that

guilt must be expiated voluntarily by certain processeii

which God has revealed in order to avoid the punishment

that must otherwise overtake it (t\ao-/io's). It is not

possible to make such a distinction among the Latin terms

lustrcdio, piacula, piamenta, acrinionia:, and even among

the Greeks it is not consistently observed. The conception

of sin never reached a high moral standard, and tha

o^Aibods cf lustratioa are purely ritualistic. Guilt and
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impurity arose in various ways ; among the Greeks,

besides the general idea that man is always in need of

purification, the species of guilt most insisted on by religion

are incurred by murder, by touching a dead body, by
sexual intercourse, and by seeing a prodigy or sign of the

divine will. The last three of these spring from the idea

that man had been without preparation and in an improper

manner brought into communication with God, and was

therefore guilty. The first, which involves a really moral

idea of guilt, is far more important than the others in

Hellenic leiigion. Among the Romans we hear more of

the last species of impurity ; in general the idea takes the

form that after some great disaster the people become

convinced that some guilt has been incurred somewhere
and must be expiated. The methods of purification

consist in ceremonies performed with water, fire, air, or

earth, or with a branch of a sacred tree, especially of the

laurel, and also in sacrifice and other ceremonial. Before

entering a temple the worshipper dipped his hand in

the vase of holy water {TrepLppavT^piov, aqua lustralis)

which stood at the door ; before a sacrifice bathing was
a common kind of purification ; salt-water was more
efficacious than fresh, and the celebrants of the Eleusinian

mysteries bathed in the sea ^aXaSc /jLva-rai) ; the water was
iriore efficacious if a firebrand from the altar were plunged
in it. The torch, fire, and sulphur (to Oiiov) were also

powerful purifying agents. Purification by air was most
frequent in the Dionysiac mysteries

;
puppets suspended

And swinging in the air {psailla) formed one way of using

the lustrative power of the air. Eubbing with sand and
salt was another excellent method. The sacrifice chiefly

tiUKa for purification by the Greeks was a pig ; among the

Romans it was always, except in the Lupercalia, a pig, a
sheep, and a bull (suovetaurilia). In Athens a purificatory

eacritice and prayer was held before every public meeting

;

the Maimacteria in honour of Zens Meilichios was an
annual festival of purification, and several other feasts had
tne same character. On extraordinary occasions lustratioiis

were performed for a whole city. So Athens was purified

by Epimenides after the Cylonian massacre, and Delos in

the Peloponnesian War. In Rome, besides such annual

ceremonies, as the Amharvalia, Liipercalia, Cerealia,

Paganalia, &c., there was. a lustration of the fleet before

it sailed, and of the army before it marched. Part of the

ceremonial always consisted in leading or carrying the

•victims round the impure persons or things. After any
disaster the lustratio classium or exerckus was often again
performed, so as to make certain that the gods got all their

due. The Ambutbium was a similar ceremonial performed
for tlie whole city on occasions of great danger or calamity.

Ambiluitnum was the purificatory ceremony, consisting in

sacrifice and prayer, performed after the regular quin-
quennial census of the Roman people.

LUTE. The European lute is derived in form and
name from the Arabic " el. 'M," " the wood," the consonant
of the article " el " having beeo retained in the European
languages for the initial of the name (French, luth ; Ital,

liuto; Span., laud; German, Laide\ Dutch, liiii). The
Arab instrument, with convex scund-body, pointing to the
resonance board or membrane having been originally placed
upon a gourd, was strung with silk and played with a
plectrum of shell or quilL It was adopted by the Arabs
from Persia, the typical instrument being the two-stringed
" tanbur," and ultimately found its way to the West at

the time of the crt.sades. The modern Egyptian "'ud"
is the direct descendant of the Arabic lute, and, according
to Lane, is strung with seven pairs of catgut strings played
bv 3 plectrum. A specimen at Sooth Kensington, given

fe;' the Bhedivfi. has four pairs only, which appears tohavo .

beea the old stringing of the iastrument. When frets ars |

employed they are of catgut disposed according to the
Arabic scale of seventeen intervals in the octave, consist-

ing of twelve limrhas, an interval rather less than our equal

semitone, and five commas, which are very small but quite
recognizable differences of pitch.

The lute family is separated from the guitars, also of
Eastern origin, by tbe formation of the sound body, which
is in all lutes pear-shaped, without the sides or ribs neces-

sary to the structure of the flat-backed guitar and cither.

Observing this distinction, we include with the lute the little

Neapolitan mandoline of 2 feet long, and the large double-

necked Roman. chitarrone, which not unfrequently attains

to a length of 6 feet, ilandolines are partly strung with
wire, and are played with a plectrum, indispensable for

metal or short strings. Perhaps the earliest lutes were so
played, but the large lutes and theorbos strung with catgut

have been invariably touched by the fiugers only, the length

permitting this more sympathetic means of producing the
tone.

The Neapolitan is the best known mandoline ; it was
indicated by Mozart iu the score of Don Giovanni, to

accompany the famous serenade. The four pairs of strings

are tuned like the violin, in fifths :

—

i
nj-.:

-zrix— *:
;^

The Milanese is larger, and has five and six pairs ;

i 1^
or, as iu a specimen at South Kensington,

-<r
=J"5=«3=

J^pSgEEgg

The mandola or mandore is larger than either, with eight

pairs of strings. This name has been derived from the

Italian word, similarly spelled but differently accented,

signifying almond, which the mandola is supposed to

resemble in shape, but bau, man, jmu, and tan are first

syllables of lute and guitar instruments met with all over

the world, the oldest form of which is the borrowed Greek
" iravhovpa," an Asiatic word, which the Arabs changed to

" tanbur." Pra3torius {Organographia, Wolfenbiittel, 1619,

a scarce work, of which the only copy in Great Britain

is iu the Advocates' Library, Edinburgh), writing when
the lute was in universal favour, mentions seven varieties

distinguished by size and tuning. The smallesc would be
larger than- a mandoline, and the melody string, the " chan-

terelle," often a single string, lower in pitch. Prsetorius

calls this an octave lute, with'the chanterelle C or D. The
two discant lutes have respectively B and A, the alto O,
the tenor E, the bass D, and the great octave bass G, an
octave below the alto lute which may be taken as the model

lute cultivated by the amateurs of the time. The bass lutes

were most likely theorbos, that is, double-necked lutes, aa

described below. The accordance of an alto lute was

Hi -v-=—<=>- *.^ -ir-

atzat EEE£
-*—-=1^

founded upon that of the original eight-stringed European

lute, to which the highest and lowest notes had, in course

of time, been added. A later addition was the p-^

also on the finger-'boartt, ana oass strings, double orsingle^
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Known as diapasons, which, descending to the deep C of

the violoncello, were not stopped with the fingers. The
diapasons were tuned as the key of the piece of music
required. The illustration represents an Italian instrument
made by one of the most cele-

brated lute makers, Venere
of Padua, in 1600 ; it is

3 feet 6 inches high, and has

six pairs of unisons and eight

single diapasons. The finger-

board, divided into approxi-

mately equal half tones by
the frets, as a rule eight in

number, was often further

divided on the higher notes,

for ten, eleven, or, as in the

woodcut, even twelve, semi-

tones. The head, bearing the

tuning pegs, was placed at an

obtuse or a right angle to the

neck, to increase the bearing

of the strings upon the nut,

and be convenient for sudden
requirements of tuning dur-

ing performance, the trouble

tof keeping a lute in tune

being proverbial.

The lute was in general use Lute, by Venere of Padua.

during the 16th and 17th centuries. In the 18th it

declined; still the great J. S. Bach wrote a "partita "for

it, which remains in manuscript. The latest date we have
met with of an engraved publication for the lute is 1760.

The large double-necked lute, with two sets of tuning

pegs, the lower for the finger-board, the higher for the

diapason strings, was known as the theorbo ; also, and
especially in England, as the archlute ; and, in a special

form, the neck being then very long, as the chitarrone.

Theorbo and chitarrone appear together at the close cf

the 16th century, and their introduction was synchronous
with the rise of accompanied monody in music, that is, of

the oratorio and the opera. Peri, Caccini, and Monte-
verde used theorbos to accompany their newly-devised
recitative, the invention of which in Floience, from the im-

pulse of the Renaissance, is well known. The height of a
theorbo varied from 3 feet 6 inches to 5 feet, the Paduan
being always the largest, excepting the Roman 6-feet long

chitarrone These large lutes had very deep notes, and
doubtless great liberties were allowed in tuning, but the

strings on the finger-board followed the lute accordance

already given, or another quoted by Baron (Untersuchuny
des Instruments der Lauten, Nuremberg, 1727) as the

old theorbo or "violway" (see Mace, Mnskh's Monument,
London, 1676):—

J^g^^^F ^^
^!=H

We find again both these accordances varied and trans-

posed a tone higher, perhaps with thinner strings, or to

accommodate local differences of pitch; Prretorius recom-

mends the chanterelles of theorbos being tuned an octave

lower on account of the great strain. By such a change,

another authority, the Englishman Thomas Mace, says, the

life and spruceness of airy lessons were quite lost. The
theorbo or archlute had at last to give way to the violon-

cello and double bass, which are still used to accompany
the " recitativo secco " in oratorios and operas. Handel
wrote a part for a theorbo in Esther (1720); after that

date it appears no more in orchestral scores, but remained

in private use until nearly the end of the century.

Wo cannot refrain from admiring the beauty of decora-

tion of ivory, mother of pearl, and tortoiseshell, the charac-

teristic patterning of the " knots " or " roses " in the sound-
boards, all of which was so well allied with the extremely
artistic forms of the different lutes, rendering them, now
their musical use is past, objects of research for collections

and museums. The present direction of musical taste and
composition is adverse to the cultivation of suctl ten'derly

sensitive timbre as the lute possessed. The lute and the
organ share the distinction of being the first (instrvunents

for which the oldest instrumental compositiona^e possess

were written. It was not for the lute, however^ in oCr pre-

sen < notation, but in tablature, " lyrawise," a syst&i byvhicb
as many lines were drawn horizontally as therd isvere pairs

of strings on the finger-board, the frets being di^ingtdshed
by the letters of the alphabet, repeated from A for eac^ line.

This was the English manner: the Italian was by numbers
instead of letters. The signs of time were placed over the

stave, and were not repeated unless the mensural values

changed.

Consult Grove's Dictionary of Music, arts. "Lute," "Frets"
Stainer and Barrett's Dictionary of Music, " Tablature " ; and
the admirable museum catalogues ot Carl Engel (South Kensington),
G. Chouquet (Paris), and Victor Mahillon (Brussels). (A. J. H.)

LUTHER (1483-1546). First Period (1483-1517)—Martin Luther (Lyder, Liider, Ludher—from Lothar,
some gay) was born at Ei.sleben in the county of Mansfeld,
in Thuringia, on the 10th of November 1483. His father

Hans Luther, a slate-cutter by trade, belonged to a family
of free peasants. His mother was Margaret Lindeburn.
Hans Luther had left Mohra, his native village, and had
come to Eisleben to work as a miner. When Martin was
six months old he went to Mansfeld and set up a forge,

the small profits of which enabled him to send bis son to

the Latin school of the place. There the boy so distin-

guished himself that his father determined to make him a
lawyer, and sent him fu.'a year to a Franciscan school at

Magdeburg, and then to Eisenach near Mohra. There
Luther, with other poor scholars, sang for alms in the

streets, and his fine tenor voice and gentle manners
attracted the attention and gained for him the motherly

care of Ursula Cotta, the wife of the burgomaster of

Eisenach. From Eisenach he went in his eighteenth year

to the high school of Erfurt, where his favourite mastei:

was the humanist Trutwetter, who taught him classics and
philosophy. He took his bachelor's degree in 1502, and
his master's in 1505. At Erfurt the^jreaching of the town's

pastor Weisemann made a deep impression on his mind,

as did the preacher's frequent exhortations to study the

Scripture. Luther teUs us that he sought in vain for a

whole Bible, and that he could only get portions to read.

A dangerous illness, the death of a near friend, together

with other circumstances, so wrought on his pious, sensitive

nature that in spite of father and family he resolved to give

up all his prospects and become a monk. ' He entered the

Augustinian convent at Erfurt in June 1505, taking with

him Plautus and Virgil, the solitary mementos of thejlife

he had abandoned. His first years of monastic life were

spent in fierce mental struggle. He had found a whole \

Bible and read it diligently, but it did not bring him peace. I

The feeling of universal human sinfulness, and of his own,

was burnt into him both by his dogmatic studies and by
his reading of the Scripture. He lived a life of the severest

mortification, and invented continually new forms of

penance, and all the while heart and head alike told him
that outward acts could never banish sin. " I tormented
myself to death," he said, " to make my peace with God,
but I was in darkness and found it not." The vicar-

general of his order, Staupitz, who had passed through
somewhat similar experiences, helped him greatly. "There
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IS 1.10 true repentance," he said, "but that which begins

[ with the love of righteousness and of God. Love Him
then who has first loved tliee." Stanpitz had been taught

heart religion by the mystics, and he sent Luther to the

sermons of Tauler and to the Theolofjla Germanica.

When Luther regained his mental health, he took courage

to be ordained priest in Miy 1507, and nest year, on
the recommendation of Staupitz, the elector of Saxony
appointed him professor in the university of Wittenberg,

which had been founded in 1502. While in the monastery
Luther had assiduously pursued his studies, and his severe

mortifications and penances had never interrupted his

theological work. He read all the great scholastic theo-

logians, but Augustine was his master in theology, while

Erfurt studies under Trutwettcr doubtless made him pore

over Occam ("mein licber Meister," as he afterwards

fondly called him) till he got his bulky folios by heart.

He began by lecturing on Aristotle; and in 1509 he
gave Biblical lectures, which from the very first wore
a power in the university. His class-room was thronged

;

his fellow-professors were students. Staupitz forced hira

also to preach ; and his marvellous eloquence, felt to

be from the heart, attracted great crowds of hearers.

The year 1511 brought an apparent interruption, but
in fact only a new development, of Luther's character

and knowledge of the world. He went to Rome, probably
in fulfilment of an old vow, and the journey was a
marked event in his life. He went up in true pilgrim
spirit, a medi.-Bval Christian, and he came back a Pro-
testant. The pious German was horrified with what he
saw in Rome, and he afterwards made telling use of what
he had seen in various tracts, and notably in his address to

the German nobles. He tells us that at Wittenberg he had
pondered over the text, "The just shall live by faith,"

that while in Rome the words came back to him, and that

on his return journey to Germany the evangelical meaning
of the phrase rushed into his mind. On his return to the
university he was promoted to the degree of doctor of

divinity, in October 1512. The oath he had to take on
the occasion ." to devote his whole life to study, and faith-

fully to expound and defeud the holy Scripture," was to

him the seal of his mission. He began his work with
lectures on the Psalms, and then proceeded to comment
on the epistles of Paul to the Romans and Galatians,

enforcing especially his peculiar views of the relations

between law and gospel. His lectures and his sermons
were attended by great audiences, and disciples gathered
round him. As early as 1616 his special principles Were
publicly defended at academical disputations. Staupitz
made him district-vicar of his order for Meissen and
Thuringia. He made short preaching tours, and his in-

fluence was felt far beyond Wittenberg. When the plague
came to that university town he remained at his post when
others fled. Then came 1517, the year of the Reformation.
The new pope, Leo X., had sent agents through Germany to
sell indulgences, and had chosen John Tetzel, a Dominican
monk, for Saxony. Luther, "who had passed through deep
soul-struggles ere he won pardon, knew that God's forgive-

ness could not bo purchased for money, and thundered
against Tetzel and his indulgences from Wittenberg pulpit.
He wrote anxiously to the princes and bishops to refuse
the pardon-seller a passage through their lands. When
Tetzel_^got to Jiiterbogk near Wittenberg, Luther could
stand ft no longer. He wrote out ninety-five propositions
or theses denouncing indulgences,- and on the eve.of All
Saints, October 31, nailed the paper to the door of the
Castle church. In a short time all Germany was ablaze.

These ninety-five thes6s are one continuous harangue
against the doctrine and practice of pardon-selling, but
they do not openly denounce indulgence in every form.

They make plain these three things:— (1) there maybe
some good in indulgence if it be reckoned one of the many
ways in which God's forgiveness of sin can be proclaimed

;

(2) the external signs of sorrow are not the real inward
repentance, nor are they as important as that is, and no per-

mission to neglect the outward expression can permit the
neglect of true repentance

; (3) every Christian who feels

true sorrow for sin is there and then pardoned by God for

Christ's sake without any indulgence ticket or other human
contrivance. And in his sermons on indulgence Luther
declared that repentance consisted in contrition, confession,

and absolution, and that contrition was the most important,
and in fact the occasion of the other two. If the sorrow
be true and heartfelt, confession and pardon will follow.

The inward and spiritual fact of sorrow for sin, he thought,

, was the great matter ; the outward signs of sorrow were

I

good also, but God, who alone can pardon, looks to the
I inward state. These theses, with the sermons explaining
I them, brought Germany face to face with the reality of

blasphemy in the indulgences. Luther's public life had
opened ; the Reformation had begun.

Second Period (1517-1524).— Pilgrims who had come i.iiiiut'

to-Wittenberg to buy indulgences returned with the theses I'l-iMirh-

of Luther in their hands, and with the impression of his '"s-

powerful evangelical teaching in their hearts. The national

mind of Germany took up the matter with a moral earnest-

ness which made an impression, not only upon the princes,'

but even upon bishops aYid monks. At first it seemed as

if all Germany was going to support Luther. The traflSc

in indulgences had been so shameless that all good people
and all patriotic Germans had been • scandalized. But
Luther had struck a blow at more than indulgences,'

although he scarcely knew it at the time. In his theses'f

and explanatory sermons he had declared that the inward
spiritual facts of man's religious experience were of infinitely

more value than their expression in stereotyped fortos

recognized by the church, and 'he had made it .plain too

that in such a solemn thing as forgiveness of sin man could

go to God directly without human mediation. Pious

Christians since the day of Pentecost had thought and felt

the same, and all through the Middle Ages men and
women had humbly gone to God for pardon trusting in

Christ. They had found the pardon they sought, and their

simple Christian expirience had been sung in the. hymns of

the mediaeval church, had found expression in its prayers,

had formed the heart of the evangelical preaching of the

church, and had stirred the masses of people in the many
revivals of the Middle Ages. But those pious peof>l&j

hymn-writers, and preachers had not seen that this inward
experience of theirs was really opposed to a great part of

the ecclesiastical system of their day. The church had.

set such small store by that inward religious experience)

that the common speech of the times had changed the plain

meanings of the words "spiritual," "sacred," "holy." A
man- was "spiritual" if he had been ordained to oflSce

in the church ; money was " spiritual " if it had been

given to the church ; an estate, with its roads, woodlands,

fields, was " spiritual " or " holy " if it belonged to a

bishopric or abbey. And the church that had so degraded

the meaning of " spiritual " had thrust itself and its external .

machinery in between God and the worshipper, and had
|

proclaimed that no man could draw near to God save ,

through its appointed ways of approach. Confession was '

to be made to God through the priest ; God spoke pardon

only in the priest's absolution. When Luther attacked

indulgences in the way he did he struck at this whole

system.

Compelled to examine the ancient history of the ctinrcL,

he soon discovered the whole tissue of fraud and imposture

by which the canon law had from the 9th century down?
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•wards been foisted upon the Christian world. There is

scarcely any essential point in ancient ecclesiastical liistory

learing upon the question of the invocation of saints, of

clerical priesthood, of episcopal and metropolitan preten-

leions, which his genius did not discern in its true

light. Whatever Luther denounced as fraud or abuse,

from its contradiction to spiritual worship, may be said

to have been openly or tacitly admitted to be such. But
'vhat produced the greatest effect at the time were his

Bhort popular treatises, exegetical and practical—his

Interpretation of the Magnificat or the Canticle of the

Virgin Mary, his Uxpositioii of the Ten Commandments,
tind of the Lord's Prayer. The latter soon found its way
Into Italy, although without Luther's name, and has never

been surpassed either in genuine Christian thought or in

style. He resolved also to preach throughout Germany,
and in 1518 appeared at a general meeting of his order at

Heidelberg. There he held a public disputation on certain

theses called by him paradoses, in which he strove 'to

make apparent the contrast between the external view of

religion taught by the schoolmen and the spiritual view
'of gospel truth based upon justifying faith. He made
many disciples on this occasion, of whom perhaps the

most notable was Martin Bucer. On his return to

Wittenberg in May 1518, Luther wrote and published an
able and moderate exposition of the theses, and sent it to

some of the German bishops. He proclaimed the need for

-a%* thorough reformation of the church, which he thought

could only be effected, with the aid of God, by an earnest

co-operation of the whole of Christendom. Tiiis energy

awakened opponents. Conrad Wimpina at Frankfort,

Hoogstraten at Cologne, Sylvester Trierias at Eome, and
above all John Eck, an old fellow student, at Ingolstadt,

attacked his theses, and discovered heresy in them. The
result was that Luther was summoned to appear before the

pope at Rome, but the elector of Saxony intervened, and
got the matter so arranged that Luther was cited to

ojipear beforo the pope's legate at Augsburg.

The pope was unwilling to quarrel with Germany,
where the whole people seemed to be supporting Luther,

and the cardinal legate James de Vio o£ Gaeta, commonly
called Cajetan, was told to be conciliatory. Luther went to

Augsburg on foot, and presented himself before the legate,

but the interview was not a successful one. The cardinal

began by brow-beating the monk, and ended by being

somewhat afraid of him. " I can dispute no longer with

this beast," he said ; " it has two wicked eyes and
marvellous thoughts in its head." Luther could not

respect either the learning or the judgment of Cajetan.

Kb left Augsburg by stealth, afrpid of capture, condemned,

but ;-ppealing "from the pope ill-iiif'^rnied to the pope
to-bo-better-lnfomied." On his return to Wittenberg he
found the elector in great anxiety of mind, in consequence
of an imperious letter from the cardinal, and offered to

leave Saxony for France. The elector, however, allowed
liim to remain, and the pope sent another legate to settle

the affairs of Germany. This was Carl von Miltitz, a
native of Saxony, a man of the world, and no great

theologian. He resolved to meet Luther privately, and
did 30 in the house of Spalatin, court preacher to the

elector of Saxony. In his interview with Cajetan Luther
/ had refused to retract two propositions—that the treasury

/ of indulgences is not filled with the merits of Christ, and
/ that he who receives the sacrament must have faith in the

grace offered to him. Miltitz made no such demands.

He apparently gave up Tetzel and the indulgences, agreed

with much of Luther's theology, but insisted that he had
ijot been respectful to the pope, and that such conduct

weakened the authority which rightly belonged to the

church. He wished Luther to write to the pope and

apologize. Luther consented. It was further arranged
that both parties were to cease from writing or preaching
on the controverted matters, and that the pope was to
commission a body of learned theologians to investigate.

Luther accordingly wrote to tbe pope, telling him that he
"freely confessed that the authority of the church was
superior to everything, and that nothing in heaven or on
earth can be preferred before it save only Jesus Christ,

'

who is Lord over all." This was in March 1519. Mean-
while Luther had appealed from the pope to a general

council to be held in Germany. In the end of 1518 a
papal bull concerning indulgences had appeared, confirming

the old doctrine, without any reference to the latp dispute.

The years 1519, 1520, 1521 were a time of fierce but
triumphant struggle with the hitherto irresistible Church
of Rome, soon openly supported by the empire. The first

of these years passed in public conferences and disputations.

Luther had promised Miltitz to refrain from controversy,

on the understanding that his adversaries did not attack

him, and he kept his word. But his old antagonist John
Eck pubUshed thirteen theses attacking Luther, and
challenged Andrew Bodenstein of Carlstadt, a friend and .'

colleague of Luther, to a public disputation. Luther
instantly replied to Eck's theses, and the disputation,

between Carlstadt and Eck was immediately followed by
one between Eck and Luther. In this famous Leipsic

disputation the controversy took a pew shape. It was no
longer a theological dispute ; it became a conflict between

two opposing sets of principles affecting the whole round
of church life. Luther and Eck began about indulgences

and penance, but the debate soon turned on the authority

of the Roman Church and of the pope. Eck maintained

the superiority of the Roman Church and of the pope as

successor of St Peter and vicar-general of Christ. ' His

argument was " no pope no church." Luther denied the

superiority of the Roman Church, and supported his denial

by the testimony of eleven centuries, by the decrees of

Nicaea, by the Holy Scriptures. He maintained that the

Greek Church was part of the church of Christ, else

Athanasius, Basil, and the Gregories were outside

Christianity. The pope has more need of the church, he

said, than the church has of the pope. Eck retorted that

these had been the arguments of Wickliffe and of Huss, and

that they had been condemned at the council of Constance.

Luther refused to admit that the condemnation wae right

;

Eck refiased to debate withan opponent who would not

abide by the decision of oecumenical councils ; and so the

disputation ended. But Luther immediately afterwards

completed his argument and published it. He asserted

that he did not mean to deny the bishop of Rome's

primacy, provided the pope kept his own place as servant

of the church, but that he did mean to deny that there .-

could be no church apart from the pope. The church, he

said, is the communion of the faithful, and consists of the

elect, and so never can lack the presence of the Holy Si'irit, _^

who is not always with popes and councils. This church,
)

lie declared, is invisible, but real, and every layman who is
_

in it and has Holy Scripture and holds by it is more to be \

believed than popes or councils, who do not. This Lcipsic ^

disputation had very important consequences. On the one

hand, Eck and his associates felt that Luther must now be

put down by force, and pressed for a papal bull to condemn

him ; and Luther himself, on ti.o other hand, felt for the

first time what great consequences lay in his opposition to

the indulgences. He saw that his Augustinian theology,

with its recognition of the heinousness of sin, and of the

need of the sovereign grace of God, was incompatible with

the whole round of media;val ceremonial life, proved it

to be impossible for men to live perfectly holy lives, and so

made saints and saint worsliip and relics and pilgrimages
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impossible things. He saw tlie uselessness of the monastic

life, with its vigils and fasts and scourgings. Thpse things

were not helps, he saw, but hindrances to the true religious

life. The Leipsic disputation made Luther feel that he

I had finally broken with Eome, and it made all Germany
, see it too, and raised the popular enthusiasm to a white

heat. The people of the towns declared their sympathy

with the bold monk. Ulrich von Hutten and the German
humanists saw that this was more than a monkish quarrel,

and recognized Luther as their leader. Franz vjn Sickingen

and the free knights hailed him as a useful ally. Eveu

the poor down-trodden peasants hoped that he might be a

luckier leader than Joss Fritz, and tiiat he might help

them to free themselves from the rnbearable miseries of

their lot. Luther became the leader of the German nation

after the Leipsic disputatioa.

During 1520 the first great poliiical crisis occurred, on the

occasion of the death of Maximilian, and ended fatally, in

consequence of the wan; of patriotic and political wisdom

among the German princes. Kanke has pointed out the

political elements which then existed for creating a

Germany as frea and independent as France or England ;

and Justus Mdser of Osnabruck had long before truly

declared, " If the emperor at that time had destroyed the

feudal -system, the deed would have been, according to the

spirii in which it was done, the grandest or the blackest

ic the history of the world." Moser means that if the
i emperor had embraced the Reformed faith, and placed

himself at thS head of the lower nobility and cities, united

in one body as the lower house of a German parliament,

this act would have saved Germany. Probably some such

idea was in the mind of the archbishop of Treves when he
proposed that Frederick, the elector of Saxony, should be

chosen emperor. Frederick might have carried out this

policy, .just because, if elected, ho had nothing to rely

upon except the German nation, then more numerous and
powerful than it has been since ; but he had not the

courage to accept a dignity which he supposed to require

for its support a more powerful- house than' his own.

Charles, the eon of Maximilian, was elected emperor, and
that election meant the continuation of a mediaeval policy

in Germany.
Meanwhile Luther was at Wittenberg continuing his

course of preaching, lecturing, and writing. The number
«f matriculated students had increased from 232 in 1517
to 458 in 1519, and to 579 in 1520; but large numbers
besides these came to hear Luther. The study of Greek
and Hebrew was diligently carried on, and the university

was in a most flourishing state. Some of the finest produc;

tions of Luther's pen belong to this period,—his Sermons
on the sacraments, on excommunication, on the. priesthood,

on good works, his Address to the Christian Nobility of the

German Nation on the Reformation of Chrietendom, and
The Babylonian Captivity of the Church. The address to

the German nobles, published on June 26, 1520, created a
great deal of excitement not only in Germany but beyond
it. It was this appeal which first made Zwingli feel in

sympathy with Luther, who showed in this little book that
the Romish doctrine of two estates, one secular and the
other spiritual, was simply a wall raised round the church
to prevent^ reform. All Christians are spiritual, he said,

and there is no difference among them. The secular power
is of God as well as the spiritual, and has rule over all

Christians without exception,—pope, bishops, monks, and
nuns. He also appealed to the people to prevent so much
money going out of the kingdom to Italy. " Why," he
said, "should 300,000 florins be sent every year from
Germany tc Rome?" His address raised the cry of
Germany for the Germans, ciril government uncontrolled

ijf ecclesiastics, a married clergy, while he called for a

national system of education as the foundation of a better

order of thitigs. The most important work of the time,

however, was the Babylonian Captivity of the Church of
God (October 1520), in which he boldy attacked the papacy
in its principles. The main thought in the book is

expressed in the title. The catholic church had been

taken into bondage by the papacy, as the Jewish people

were taken to Babylon, and ought to be brought back into

freedom. Luther described the sacraments, real and pre-

tended, and showed how each had been carried into cap-

tivity and ought to be ddivered. He concluded in a very

characteristic fashion. "I hear that bulls and other papis-

tical things have been prepared, in which I am urged to

recant or be proclaimed a heretic. If that be true, I wish

this little book to be part of my future recantation." The
printing press sent thousands of these books through

Germany, and the people awaited the bull, armed before-
^

hand against its arguments. The bull was published at

Rome on July 15, 1520. It accused Luther of holding

the opinions of Huss, and condemned him. Eck brought *

it to Leipsic, and published it there in October. It was

posted up in various German towns, and usually the citizens

and the students tore it down. At last it reached Luther.

He answered it in a pamphlet, in which- he called it the

execrable bull of Antichrist, and at last he proclaimed at

Wittenberg that he would publicly burn it. On December He

10, 1520, at the head of a procession of professors and l»ini»

students, Luther passed out of the university gates to the ^^^
,

market-place, where a bonfire had been laid. One of the \^
professors lighted the fuel, and Luther threw the bull on

the flames ; a companion flung after it a copy of the canon A

law. Germany was henceforth to be ruled by the law of
\

the land, and not by the law of Rome. The news flashed

over all Germany, kindling stern joy. Rome had'shot its

last bolt; if Luther was to be crushed, only the emperor

could do it. On December 17th Luther drew up before a

notary and five witnesses a solemn protest, in which he

appealed from the pope to a general council. This protest,

especially when we take it along with other future acts of

Luther, meant a great deal more than many historians

have discerned. It was the declaration that the Christian

community is wider than the Roman Church, and was an

appeal from later mediaeval to earlier mediaeval ideas of

catholicity. In the times immediately preceding the

Reformation, the common description of Christian society

was social life in communion with the bishop of Rome,
but in the earlier Middle Ages Christian society had also

been defined to be social Ufe within the holy Roman
empire. For tha Roman empire had imposed on all its

subjects a creed, and to that extent had made, itself a

Christian community. The oecumenical council was the

ecclesiastical assembly and final court of appeal for this

Dociety, whose limits were determined by the boundaries

of the medieval empire, and Luther by this appeal not

only declared that he could be a catholic Christian without

being in communion with Rome, but secured an ecclesia-

stical standing ground for himself and his followers which

the law could not help recognizing. It was an appeal from

the catholic church defined ecclesiastically to the catholic

church defined politically, and foreshadowed the future

political relations of the Lutheran Church.

The pope had appealed to the emperor to crush heresy

in Germany, and Charles V., with his Spanish training and

his dreams of a restored mediaeval empire, where he might

reign as vicar of God circm civilia, had promised his aid.

He had declared, however, that he must pay some regard

to the views of Frederick of Saxony, from ' whom he had

received the imperial crown, and had in the end resolved

to summon Luther before the diet to be held at Worms.

The diet was opened by Charles in January 1521, and the
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papal uuncio Hieronymus Alexander (afterwards archbishop

of Brindisi and cardinal) urged first privately and then

publicly in the diet that Luther should be condemned un-

heard, as one already tried and convicted by the papal

bull. He threatened the Germans with extermination, it

is said, in case of their refusal to accede to his requests,

—

" We shall excite the one to fight against the other, that

all may perish in their own blood,"—a threat to which the

whole subsequent history of Germany offers the commen-
tary. But the princes had their own quarrel with Rome,
and urged besides that it would be unfair to condemn a

man unheard and untried. A committee appointed by
the diet presented a list of one hundred grievances of

the German nation against Rome. This startled the

emperor, who, instead of ordering Luther's books to be

burned, issued only a provisional order that they should

be delivered to the magistrate. He then sent to summon
Luther before him, and granted him a safe conduct to and

from the diet. In April Luther set out for Worms. Before

leaving Wittenberg he had devised with his friend Lucas

Cranach the artist what he called "a good book for the

laity," a series of woodcuts depicting contrasts- between

Christ and the pope, with explanations in pithy German:

—

Christ washing the disciples' feet on one page, the pope

liolding out his toe to be kissed, on the other ; Christ

bearing his cross, the pope carried in state through Rome
on men's shoulders ; Christ driving money-changers out of

the temple, the pope selling indulgences, with piles of money
before him; and so on. Luther went to Worms, believing

that he was going to ht3 death. Everywhere on the road

Le saw the imperial edict against his books posted up, yet

liis journey was in some sort a triumphal progress ; the

people came out in crowds to meet him, and at Erfurt the

Lsrald gave way to the universal request, and, against his

instructions, permitted Luther to preach. On the IGth

Luther entered the imperial city amidst an imniense con-

course of people. Next day he was brought before the

diet. When the hour approached he fell on his knees, and

ottered in great agcny a prayer such as can only be pro-

nounced by a man filled with the spirit of Him who prayed

in Gethsemane. When he appeared before the diet he was

asked by John Eck, an official of the archbishop of Treves

(to be distinguished from Eck the theologian), whether the

books piled on a table were his, and whether he would

retract what was written in them. Luther acknowledged

his writings, and requested that as the matter written con-

cerned the highest of all subjects, the word of God and the

•welfare of souls, he might have time for consideration

before he answered the second question. His request was

granted, and he retired. Luther's resolution had been

taken before he appeared at the diet ; he only desired to

convince friends as well as foes that he did not act with

precipitation at so decisive a moment. The next day he

employed in prayer and meditation, making a solemn vow
•upon a volume of Scripture to remain faithful to the

i;ospel, should he have to seal his confession with his blood.

When ho was again brought before the diet, he answered

ct great length, dividing his writings into three kinds :

—

(1) those in which he had written about faith and morals

in such fashion that even his opponents admitted that

what he had said was worth reading : ho could not retract

these ; (2) those in which ho had condemned the papacy

and popish doings, which hod ruined Christendom body

and soul : to retract these would bo mean and wicked, and

he would not
; (3) those in which ho had attacked private

persona with perhaps more vehemence than was right : he

would not retract, but would readily listen to any one who
pointed out errors. He spoke in German with earnestness

and force, but the emperor and his followers scarcely

jinderstood him, and he was asked to repeat his answer in

Latin. He did so, and the papal party were irritated

;

the official declared that they were not there to make dis-

tinctions or to discuss things which had been long 'ago

settled by councils; let the accused say whether he recanted!

or not. Luther answered, " Well then, if your imperial

majesty and your graces require a plain answer, I will give

you one of that kind without horns and teeth. It is this.

I must be convinced either by the witness of Scripture off

by clear arguments, for I do not trust either pope or
,

council by themselves, since it is manifest that they have
often erred and contradicted themselves—for I am bound
by the Holy Scriptures which I have quoted, and my con-

science is held by the word of God. I cannot and will

not retract anything, for to act against conscience is un-

safe and unholy. So help me God. Amen." Eck asked

him whether he actually meant to say that general councils

had erred. He answered that he declared, and that openly,'

that councils had erred several times, that t)ie council

of Constance had erred. Eck replied that he surely did'

not mean to say that general councils had erred. Luther
persisted that he could prove that they had erred in many
places. The emperor made a sign to end the .matter, and
Luther said, " I can do nought else. Here stand I. God
help me. Amen." He went back to his lodgings in deep

depression of spirit, but was comforted on learning that

the elector had told Spalatin, " Doctor Martin has spoken

well in Latin and in German before the emperor and all

the princes and estates of the empire ; only he is too keen

for me." Luther's answer created very various feelings

among those who heard him. The Italians and'Spaniards

wished the safe conduct revoked, and Luther burnt at

once. Most of the Germans resolved to protect him at

all hazards. The emperor deliberated for a day, and then

declared that he meant to permit Luther to return safely

from the council, but that his opinions were to be con-

demned, and all who clung to them punished for the

future. But the proposal to cancel the safe conduct had

roused the people. There were threatenings of insurrec-

tions of the peasants, and of Siekingen and the knights

;

and the em°peror, to allay the feeling, resolved that three

days should be given to Luther to reconsider what he had

said. Theologians cjime to argue with hini; and to induce

him to make some recantation, but in vain. At last the

edict of the diet was pronounced, in which Luther was

condemned in the severest terms, and placed under the

ban of the empire. This meant that when his safe conduct

expired he was an outlaw, and that all people were for-

bidden to give him food or fire >r shelter. His books

were to be burnt, his goods confiscated, and his adherents

punished. Whoever disobeyed the edict incurred the baa

of the empire.

Frederick the elector of Saxony thought that Luther's

life was no longer safe, as in twenty-one days his safe

conduct would expire. Luther was hurried away from

Worms, and as he travelled back to Wittenberg he was

stopped near Eisenach by a band of armed knights, and

carried to the fortified castle of the Wartburg above

Eisenach by Frederick's orders. The elector's fears, as

matters turned out, were exaggerated. Germany was in

no mood to give Luther up, and there were threatenings

of risings when he disappeared, only appeased when it was

whispered about that he was in friendly keeping. Luther

remained at the Wartburg, dressed as a knight, ordered to

let his beard grow, and bearing the name Junker George,'

for ten months, and made use of his enforced leisure to

begin what was perhaps his greatest literary work, his

translation of the Scriptures from the original texts.

The New Testament was almost entirely his own work.

He used for the text Erasmus's fourth edition, and took

incredible psiss with Lis work. Some of his MS. still
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survives, and shows tint lie corrected and recorrected

with great pains. Some passages were altered at le.ist

fifteen times. He often felt at A Joss for want of
teblinical knowledge, and laid all his friends under

contribution. Thus, when in difficulty about the trans-

lation of Rev. xxi. he wrote to Spalatin to ask for

names and descriptions of all the precious stones men-

tioned. When engaged in the translation of the descrip-

tions of the slaughter of beasts for sacrifice, he got a butcher

to kill some sheep for him, that he might learn what

every part of a sheep was called. His aim was to re-

produce the tone and spirit of the original as far as lie

possibly could. No fine courtly words, he said to Spalatin

;

this book can only be explained in a simple popular style.

It must be understood by the mother in the house, by the

children in the streets, and by the "common man in the

market." The translation of the New Testament was first

published on September 21, 1522, and a second edition ap-

peared in October. By choosing the Franconian dialect in

use in the imperial chancery, Luther made himself intelli-

gible to those whose vernacular dialect was High German
or Low German, and his Bible is still the standard of the

German tongue, and has preserved unity of language,

'literature, and thought to the German nation during its

political disintegration. The translation of the Old
Testament, begun in the same year, was a much more
tedious task, and Luther was assisted in it by what
Matthesius calls a private Sanhedrim. The friends met
once a week, several hours before supper, in the old

Augustinian monastery at Wittenberg, which had become
Luther's house. , Bugeuhagen, Justus Jonas, Melanchthon,
Aurogallus, Roser, and several Jewish rabbis made the
" Sanhedrim." Luther thus describes the work : " We are

labouring hard to bring out the prophets in the mother-
tongue. Ach Gott ! what a great and diflicult work it is to

make the Hebrew writers speak German ! They resist it so,

and are unwilling to give up their Hebrew existence and
become like Germans." At the Wartburg Luther was ill

in health and somewhat troubled in mind. He had been
ill before he was summoned to Worms, and his long journey
in the waggon with its cloth tent, the excitement at

Worms, and the solitude at the Wartburg had enfeebled

him ; but his literary activity was untiring. He wrote
short commentaries on the G8th Psalm and on other
porlions of Scripture, and a set of homilies intended to

guide evangelical preachera, the Eirchai-postille. He also

wrote one or two short treatises on worship, on the mass,

on confession, and on monkish vows, intended to guide the
reformed churches in the rejection of superstitious usages.

Up to this time there had been no change in the church ser-

vices. The true doctrine of the gospel had been preached
in Germany, and Romish rites and ceremonies had been
exhibited as abuses, but not a single word or portion of

these ceremonies had been changed, and Luther felt that
the time had come to bring the preaching and the usages
into harmony with each other. In the midst of these
labours news came to him that Germany was threatened
with a new sale of indiilgences. The cardinal archbishop
of Mainz, Albert of, Brandenburg, unable to pay the
26,000 ducats due to Rome for his pallium, had resolved
to raise the money by indulgences. Luther wrote a fierce

tractate Against the New Idol at Halle. The archbishop
getting word of this, sent to Frederick asking him to

restrain Luther from attacking a brother-elector, and
Frederick wished Luther to desist He was indignant,
but at the request of Melanchthon he agreed to lay the
treatise aside until he had written to the archbishop.
" Put down the idol within a fortnight, or I shall attack
you publicly,", he wrote ; and the archbishop in reply
thanked, luther for his Christian brotherly reproof, and

promised, " with tho Iielp of God, to live henceforth as a
piou3 bishop and Christian prince."

Luther's absence fronj his congregation, his students,

and his friends and books at Wittenberg weighed heavily
upon him, and he began to hear disquieting rumours.
Carlstadt and other friends at Wittenberg were urging on
the Reformation at too rapid a rate. Their idea was that i

everything in worship not expressly enjoined in the Bible
should at once be abolished. The churches were to be
stripped of crucifixes, images of saints, and tho ritual of
the mass; the festivals of the Christian year were to
be neglected, the monastic life put down by force ; and
some even wished it ordained that all clergymen should
be married. To Luther all this seemed dangerous, and
sure to provoke a reaction ; the changes insisted upon
were to him matters of indifference, which might be left to

the individual to do or leave undone as he pleased.

Auricular confession, the reception of the Lord's Supper
under both forms, pictures in churches, the observance of

festivals and fasts, and the monastic life were adiaphora.

He wrote earnestly warning his friends against rashness

and violence, and he was anxious and distressed. Still ha
held out patiently till events occurred which called for his

presence. Certain men claiming to be prophets, Nicolaus

Storch, a weaver, and his disciple Thomas Miinzer,

belonging to the village of Zwickau, near the Erzgebirge

on the borders of Bohemia, preached wildly a thorough-

going reformation in the church and the banishment of

priests and Bibles. All believers were priests, they said,

and all the faithful had the Holy Spirit within them, and
did not need any such external rule as Holy Scripture.

They were banished from Zwickau, and came to Wittenberg,

where Carlstadt joined them. Fired by their preaching,

the people tore down the images in the churches and
indulged in various kinds of rioting. Luther felt he could

remain no longer in hiding. He wrote to the elector

telling him that he must quit the Wartburg, and at the

same time<.declaring that he left at his own peril. " You
wish to know what to do in tho present troublesome

circumstances," he said. "Do nothing. As for myself,

let the command of the emperor be executed in town or

country. Do not resist if they come to seize and kill me ;

only let the doors remain open for the preaching of tho

word of God." He was warned that Duke George of

Saxony, a violent enemy of the Reformation, was waitinj^

to execute the sentence of the ban. " If things were at

Leipsic as they are at Wittenberg," he said, " I would go

there, if it rained Duke Georges for nine days running,

and every one of them nine times as fierce as he." He
left the Wartburg, suddenly appearing in Wittenberg on

March 3, 1522, and plunged at once into the midst of

struggles very different from those which he had hitherto so

victoriously overcome. He found things in a worse state

than he had feared ; even Melanchthon had been carried

away. Luther preached almost daily for eight consecutive

days against Carlstadt and the fanatics from Zwickau, and
in the end he prevailed and the danger was averted. His

theme was that violence does no good to God's word

;

there are in religion matters of indifference. " The Word
created heaven and earth and all things ; the same Word
must also now create, and not we poor sinners. Summa
summarum, I will preach it, I will talk of it, I will write

about it, but I will not use force or compulsion with any

one." " In this life every one must not do what he has a

right to do, but must forego his rights, and consider what

is useful to his brother. Do not make a ' mast be ' out of

a ' may be,' as you have now been doing, that you may not

have to answer for those whom you have misled by your

uncharitable liberty." Storch and Miinzer, sincere thougU

misguided men, sought an interview with him. They laid
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tlkcir claims for support before liim ; tlicy said that tlicy

were inspired and could ppove it, for tliey would tell liim

what then passed through his mind. Luthor challenged

them to the proof. " You think in your own heart that

my doctrine is true," said one of them impressively. " Get
thee behind me, Satan," exclaimed Luther, and. dismissed

them. "They were quite right," he said to his friends

afterwards; "that thought crossed my mind about some
of their assertions, A spirit evidently was in them ; but

what could it be but the evil one?"
^Vhen Charles V. had laid Luther under the ban of the

empire, he had undoubtedly been greatly influenced by
political considerations. Francis L of France and Charles

of Spain were rivals, and the whole of the European policy

of the time turns on this rivalry. The opponents schemed

to attract to themselves and to divert from their neighbour

the two outside powers of England and tlie papacy, and in

1521 it was the policy of Charles to win alliance with

the pope. The Germans saw that they were being

sacrificed in this game of statecraft, and there was no
great willingness even among Roman Catholics to put the

edict of Worms in force. Luther at the Wartburg and at

Wittenberg was protected by the national feeling of

Germany from attack. The diet of the empire met in

1522 at Nuremberg, and the new imperial council, which

ruled in the emperor's absence, and very fairly represented

the popular feeling jn Germany, was in no mood to yield

to the papacy. Leo X. had died, and his successor Adrian

"VL, an orthodox Dominican and an advocate for reforma-

tion in the cloisters and in the lives of the clergy, proposed

to begin reformation by crushing the German heresy. He
instructed his nuncio to the diet to demand the execution

, of the edict of Worms. The imperial council refused until

tlie grievances of Germany were heard and redressed.

TEey spoke of concordats broken and papal pledges unful-

filled, and finally they demanded a free cccumenical council

to be held in Germany within a year, which should settle

abuses, and until it met they wished the creed to bo an

epen question. The nuncio found that the pulpits of the

free imperial city were filled with preachers, mostly monks,
who were making the city resound with gospel preaching.

He asked the diet at least to arrest the preachers ; the

diet pleaded incompetence. He proposed to seize them
himself in the pope's name ; the magistrates threatened to

release them by force, and the nuncio had to desist. The
I diet then presented a hundred gravamina or subjects of

\ tomplaint which the German nation had against the papacy,

including in the list indulgences, dispensations bought for

money, absentee bishojis and other ecclesiastics, the use of

bans and interdicts, pilgrimages, excessive demands for

money, and the decisions of matrimonial cases in ecclesi-

astical courts. The complaint was an expansion of Luther's

address to the German nobles. The nuncio could do
nothing, ond was forcefl to accept by way of compromise
a decisioa from the diet that only tho venim, puritm,

uncerum, et s:mdum emnjdium was to be preached in

Germany. Nuremberg reversed the edict of Worms.
Next year the diet met again at Nuremberg, and the new
pope, Clement VIL, sent the celebrated cardinal-legate

Lorenzo Campeggio to demand the execution of the edict

of Worms. The diet asked in return what had become of

the hundred grievances of the German nation, to which
Rome had never deigned to return an answer. Camiieggio
declared that at Rome the document had been considered

merely as a private pamphlet; on which tho diet, in great

indignation, insisted on the necessity of nu oecumenical

council, and proceeded to annul the edict of Worms,

—

declaring, however, in their communication to tho pope,

that it should bo conformed to as much as [lossible, which
(vith respect to many cities and princes meant not at alL

Finally it was resolved that a diet to be held at Spires
was to decide upon tho religious differences. But between
Nuremberg and Spires an event occurred, the revolt of
Sickingen and the knights, which was destined to work
harm to tho Reformation. The diet of Spires met, and,
many of the members being inclined to connect Sickingen
and Luther, there was a strong feeling against tho
Reformation, but the feeling was not strong enough tu

induce the diet to comply with the demands of the legato

Campeggio and revoke the decisions of Nuremberg, and it

refused to execute the edict of Worms. Campeggio, how-
ever, was able to separate Germany into two parties, and
this separation became apparent at the convention of

RatisboD, where Bavaria, Austria, and other South-German
states resolved to come to separate terms with the papacy.

The curia promised to stop a number of ecclesiastical

extortions and indulgences, to make better appointments
to benefices, and to hand over some of the ecclesiastical

estates to the Austrian and Bavarian princfcs ; while the
states promised t& set aside the gravamina, and to permit
no toleration of the new doctrines. On the other hand,
many states which had kept aloof from the Reformation
now joined it, and declared against the seven sacraments,

the abuses of the mass, the worship of saints, and the
supremacy of the pope. The emperor's brother and suc-

cessor Ferdinand was a bitter foe to the Reformation, and
urged persecution. Four Augustinian monks at Antwerp
were the first martyrs ; they were burnt on 1st July 1523.
Ferdinand began the bloody work of persecution in tha

hereditary states of Austria immediately after the conven-

tion of Ratisbon. At Passau in Bavaria, and at Buda ia
Hungary, the faggots were lighted. The dukes of Bavaria
followed the same impulse.

Luther's literary activity during these years was unparal-

leled. In 1522 he published, it is said, one hundred and
thirty treatises, and eighty-three in the following year,among
them the famous Contra Henriaim regem Anglix, in which,

after having dealt mercilessly with the royal controversialist,

he exclaims, " I cry 'Gospel! Gospel! Christ! Christ!' and
theyceasenot to answer 'Usages! Usages! Ordinances! Ordi-

nances ! Fathers ! Fathers !' The apostle St Paul annihiktea

with a thunderstorm from heaven all these fooleries of

Henry." His principal work, however, during these years

was the publication of certain short tracts upon worship and
its reform, followed by various directories for public worship,

which afterwards served as a model for the numerous

Lutheran Church ordinances. In 1522, while Luther was
still in the Wartburg, Carlstadt had published for the

church at Wittenberg an ordinance for directing the

government and worship of tho church. It was very

brief, but very revolutionary {cf. Richter's Evangel, Kirchen-

ordiinngen, vol. ii. p. 484). This was withdrawn after

Luther's return ; but the Reformer felt that the time had

come for a definite reform of public worship and for pub-

lishing his views upon tho subject Accordingly, after a

series of tracts in 1522 upon religious and monastic vows,

tho abolition of private masses, the Lord's Supper under

both forms, saint worship, tho so-called spiritual estate,

and the married life, ho published in 1523 The Order of

(lie Worship of God. He was, as usual, conservative, and

made as few changes as possible in tho form of service,

caring only to give full place to prayer and the reading and

preaching of the word. The order of worship was followed

by tho Formula Missx, published in Latin, but at once

translated into German by Paul Speratus, in which the

ancient form was as much preserved as is consistent with

evangelical doctrine. Luther was of opinion that the more

diliicult introits should bo removed from the order of tho

Eucharist, and simpler hymns put in their place, and he

also wn"! strunsly in favour of the singing of hymns in tha

tutlier't

writing*

during

tbis
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common worship. Tbis led to the publication in 1524 of

a small collection of church hymns, which was Luther's

first German Chxtrch Hymn-hook, and which was the

beginning of the wonderfully rich German Protestant

hymnology. In the same year Luther translated the order

of baptism, and published it under the title of Das Tauf-

Biichlem. He also drew up a directory for public worship

for Leisnig {cf. Richter, op. cit., vol. i.). The hymn-book

was followed by a prayer-book, and by the publication of a

short summary of the heads of Christian truth fitted for the

instruction of the " rudj common man." Luther's catechism

for children completed this series of works, intended to aid

worship, public and private. Notwithstandi ng this immense

amount of literary work, Luther found time to make preach-

ing tours, and visited in this way Altenburg, Zwickau,

Eilenburg, Erfurt, AVeimar, and many other places, and

•was cheered by the progress of the Keformation throughout

North Germany. About this time also he sent a powerful

address to the municipal councils of the German towns,

exhorting them to establish everywhere Christian schools,

both elementary and secondary. " Oh my dear Germans,"
he exclaimed, " the divine word is now in abundance
offered to you, God knocks at your door ; open it to Him !

Forget not the poor youth. . . . The strength of a town
does not consist in its towers and buildings, but in count-

ing a great number of learned, serious, honest, and well-

educated citizens." He tried to impress upon them the

necessity for the highest education, the knowledge of

Greek and Hebrew, by showing how serviceable such learn-

ing had been to him in his attack upon the abuses of

Home. He also appealed to the princes and cities to help
the gospel and the Reformed churches ; but church rule

and church maintenance could not be fixed on a legal basis

.until much later

Here we conclude this first glorious period of Luther's
life. The problem to be solved was not to be solved by
Luther and by Germany ; the progressive vital element of

reformation passed from Germany to Switzerland, and
through Switzerland to France, Holland, England, and
Scotland. Before he descended into the grave, and
Germany into thraldom, Luther saved, as much as was in

him, his country and the world, by maintaining the funda-
mental principles of the Reformation agains-i Jlclanchthon's
pusillanimity ; but three Protestant princes and the free

cities were the leaders. The confession was the work of

Melanchthon ; but the deed was done by the laity of the
nation. The German Reformation was made by a
echolastically trained monk, seconded by professdt's ; the
Swiss Reformation was the work of a free citizen, an honest
Christian, trained by the classics of antiquity, and nursed in

true hard-won civil liberty. Luther's work was continued,
preserved, and advanced by the work of the Swiss and French
Eeformers. The monk began ; the citizen finished. If the
one destroyed Judaism, the other converted paganism, then
most powerful, both as idolatry and as irreligious learning.
But as long as Luther lived he did not lose his supremacy,
and he deserved to keep it. His mind was universal, and
therefore catholic in the proper sense of the word.

Third Period (1525-1546). In this thii'd period
the epic of Luther's life was changed into tragedy;
the revolt of the knights under Sickingen, the Anabaptist
tumults, and the peasants' war in the Black Forest
alienated the sympathies of many from the Reformation,
and resulted in a divided Germany (see vol s. p. 498,
vol. i. p. 786). From Sickingen's rising Luther sedulously
kept himself aloof, but the insurgent had more than once
proclaimed himself on Luther's side, and that was enough
to make many of the princes resolve to have nothing to do
with reform. The convention of Ratisbon was the result

of Sickingeu's abortlTS revolt. The Anabaptists have to

do with Luther's history mainly in so far as his contact

with them modiPed and gave final shape to his doctrine

of baptism. In his tract on the SdcrameiU of Baptism,

1519, Luther distinguishes carefully between the sign and
the thing signified. The ordinance is just the sign, the

thing signified is the death to sin, the new birth, and a

new life in Christ. This new life goes on here on earth,

60 does the death to sin. Believers die daily to sin, not

once for all in baptism, and their life in Christ is not a
full life whilst earth's life lasts ; and so baptism is merely

a sign of what is never really accomplished till after death.

In the Babylonian Captivity of ike Church of God, 1520,

Luther adopted a view not unlike Calvin's. He said that

God's word was always more than a statement, it was also

a promise. Baptism was therefore a seal or pledge, a
promise that what was signified by the ordinance would

be bestowed. Only unbelief can rob the baptized of the

benefits of their baptism and make the ordinance of nona

effect. But after Luther came in contact with the

Anabaptists he departed from this simple theory, for he

thought that he could not justify infant baptism upon it,

and so in his Sermon on Baptism, 1535, he introduced a

third theory, which approached much nearer to medieval

views. He explained that in the ordinance of baptism

God through His word so works on the water in the

sacrament that it is no longer mere water, but has tlio

power of the blood of Christ in some mysterious fashion.

Luther then asked if faith was required for the worthy

partaking of the sacrament, and he felt obliged to confess

that the faith of the recipient was not needed. This

sermon marks Luther's reaction towards ideas he had

abandoned in 1519-20.

More important was the connexion between the Lutheran

movement and the peasant revolt. The first coalitions of

the peasants against the intolerable rapacity and cruelty of

the feudal aristocracy had begun before the close of the

15th century. But all the oppressed inclined towards

Luther, and the oppressors, most of whom were sovereigns,

bishops, and abbots, towards the pope. The struggle in the

peasants'warwasreallybetween the reforming and the papist

party, and it could easily be foreseen that Luther would
be dragged into it. As early as January 1525 the revolu-

tionary movement had extended from the Black Forest into

Thuringia and Saxony, and the peasants were eagerly

looking to Luther for help. The more moderate party

published their programme in twelve articles, with a very
remarkable preface, in which they stated that they did not

wish for war, and asked nothing that was not in accord-

ance with the gospel. These articles were the following :

—

(1) the whole congregation to have power to elect their

minister, and if he was found unworthy to dismiss him;

(2) the great tithe, i.e., the legal tithe of corn, to be still

payable for the maintenance of the pastor, and what is over

to go to support the poor ; the small tithes to be no longer

payable
; (3) serfdom abolished, since Christ has redeemed

us all by His precious blood ; (4) game, fish, and [owl to be

free as God created them
; (5) the rich have appropriate<

the forests, this to be rearranged
; (6) compulsory service

to be abolished—wages for work
; (7) peasant service to

be limited by contract, and work done above contract to

be paid for
; (8) fair rents ; (9) arbitrary punishments

abolished; (10) the commons restored; (11) the right of

lieriot, i.e., the right of the lord to take the vassal's best

chattel, to be abolished; (12) all these propositions to be
tested by Scripture, and what cannot stand the test to be
rejected. Most impartial historians Tiave declared that

their demands were on the whole just, and most of them
have become law in Germany. The words of Scripture

brought forward by the peasants prove clearly that Luthera

preaching of the gospel bi^d acted, not as an incentive, 'out
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as a corrective. The peasants declared their desire to

uphold the injunctions of the gospel, peace, patience, and

union. Like the Puritans in the following century, the

peasants say that they raise their voice to Uod who saved

the people of Israel ; and they believe that God can save

them from their powerful oppressors, as he did the

Israelites from the hand of Pharaoh. Luther evidently

felt himself appealed to. The crisis was difficuH, and, in

spite of what has been said in his defence, he failed, as he

failed afterwards in the conference with the Swiss deputies

at Marburg. Had Luther thrown the weight of his in-

fluence into the peasants' scale, and brought the middle

c'asses, who would certainly have followed him, to the side

of the peasants, a peaceful solution would in all probability

hive been arrived at, and the horrors of massacre averted.

But Luther, bold enough against the pope or the emperor,

never had courage to withstand that authority to which he

was constantly accustomed, the German prince. He began

by speaking for the peasants in his address to the lords,

and had courage enough to tell them some plain truths, as

when he said that some of the twelve articles of the

peasants are so equitable as to dishonour the lords before

God and the world, when he told them that thoy must not

refuse the peasants' demands to choose pastors who
would preach the gospel, and when he said that the social

demands of the peasants were just, and that good govern-

ment was not established for its own interest nor to make
the people subservient to caprice and evil passion, but for

the interest of the people. " Your exactions are intoler-

able,'" he said, "you take away from the peasant the fruit

of his labour in order to spend his labour upon your finery

and luxury." He was courageous enough also in asking

the peasants to retrain from violence, and in telling them
that they would put themselves in the wrong by rebellion.

But what Luther did not see was that the time for good

advice had gone by, and that he had to take his stand on

one side or the other. He trusted too much in fine language.

His advice that arbiters should be chosen, some from the

nobility and some from towns, that both parties should

give up something, and that the matter should be amicably

settled by humau law, came ten months too late. The
bloody struggle came ; the stream of rebellion and destruc-

tion rolled on to Thuringia and Saxony, and Luther
apparently lost his head, and actually encouraged the

nobles in their sanguinary suppression of the revolt, in his

pamphlet entitled Against the Murdering, Bobbing Rats of
Peasants, where he hounds on the authorities to "stab,

kill, and strangle." The princes leagued together, and the

peasants were routed everywhere. One army, with neither

military arms nor leaders, was utterly routed at Franken-

hausen, another in Wiirtemberg. Fifty thousand were
slain or butchered by wholesale executions. Among this

number many of the quietest and most moderate people

were made victims in the general slaughter, because they

were known or suspected to bo friends of the Eeformation

and of Luther, which indeed all the citizens and peasants

of Germany were at that time. None felt more deeply,

when it was too late, this misery, and what it involved in

its effects on the cause of the gospel in Germany, than

Luther ; and he never recovered the shock. He thus

unburdens his soul at the close of this fatal j'ear, which
crushed for centuries the rights and hopes of the peasants

ond labourers, and weakened the towns and cities, tho seats

of all that was best in the national life,
—" The spirit of

those tyrants is powerless, cowardly, estranged from every

/ honest thought. They deserve to be the slaves of tho

people ;" and in the next year—" I fear Germany is lost

;

it cannot be otherwise, for they will employ nothing but

tho sword."

The prospect was dark enough for tho Reformer.

Ferdinand of Austria and the duke of Bavaria were
imprisoning and slaying Christians on account of the
gospeh The emperor, fresh from his victory at Pa\ia, and
the pope were combining to crush the Reformation, and it

was rumoured that the kings of France and England were
to lend their aid. The convention of Ratisbon had resulted

in a Roman Catholic league in which Duko George of

Saxony, Albert elector-archbishop of Mainz, and the duke
of Brunswick were the leaders. Luther also found that

the war had demoralized the Protestant congregations, and
that they were becoming ignorant and savage. And iu

May 1525 the elector Frederick died.

It was under such auspices that Luther decided at last

to take a wife, as he had long advised his friends among
the priests and monks to do. He married Catherine von
Bora, a lady twenty-four years of age, of a noble Saxon
family, who had left her convent together with eight other

sisters in order to worship Christ without the oppression

of endless ceremonies, which gave neither light to the mind
nor peace to the soul. The sisters had lived together ia

retirement, protected by pious citizens of Torgau. Luther

married her on June 11, 1525, in the presence of Lucas
Cranach and of another friend as witnesses. Catherine

von Bora had no dowry, and Luther lived on his appoint-

ment as professor ; he would never take any money for his

books. His marriage was a happy one, and was blessed

with sis children. He was a tender husband, and the

most loving of fathers. In the close of the year 1525
Luther was engaged in controversy with Erasmus on the

freedom of the will.

The princes who were friendly to the Reformation

gradually gained more courage. The elector John of

Saxony established the principle in his state that all rites

should be abrogated which were contrary to the Scriptures,

and that the masses for the dead be abolished at once.

The young landgrave Philip of Hesse gained over the son

of the furious Duke George to the cause of the Reforma-

tion. Albert, duke of Prussia, had established it at

KOnigsberg, as hereditary duke, abolishing the vows of

the order whose master he had been, saying :
—" There is

only one order, and that is Christendom." At the request

of the pope, Charles placed Albert under interdict as an

apostate monk. The evangelical princes found in all these

circumstances a still stronger motive to act at Augsburg
as allies in the cause of the evangelical party ; and when
the diet opened in December 1525 they spoke out

boldly :
—" It is violence which brought on the war of the

peasants. If you will by violence tear the truth of God
out of the hearts of those who believe, you will draw
greater dangers and evils upon you." The Romanist

party was startled. "The cause of tho holy faith" was
adjourned to the next diet at Spires. The landgrave and

the elector made a formal alliance in February 1526 at

Torgau.

Luther, being consulted as to his opinion, felt lielpless.

"You have no faith; you put not your trust in God;
leave all to Him." The landgrave, the real head of the

evangelical alUance, perceived that Luther's advice was

not practical—that Luther forsook tho duty of self-defence

and the obligation to do one's duty according to the dictates

of reason, in religious matters as well as in other political

questions. But tho alliance found no new friends.

Germany showed all her misery by the meanness of her

princes and the absence of any great national body to

oppose the league formed by the pope, tho emperor, and

the Romanists throughout Europe. The archbishop of

Treves preferred a pension from Charles to the defence o!

tho national cause. Tho evangelically-disposed elector

of the palatinate desired to avoid getting into trouble

Tho imperial city of Frankfort, surrounded by opeu

Propreso-

of the

Reformj
tion.
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enemies ana timiJ friends, declined to accede to thu

alliance. Theie was more national feeling and courage

ill the Anglo-Saxon north of Germany. Tlie princes of

r.runswick, Luxemburg, Mecklenburg, Anbalt, and Jlans-

feld assembled at Magdeburg, and made a solemn and

lieroic declaration of their resolution "to pledge their

estates, lives, states, and subjects for the maintenance of

the holy word of God, relying on Almighty God, as whose

instruments they would act." The town of Magdeburg

(which then had about three times as many inhabitants as

now) and Duke Albert of Prussia adhered to the alliance.

The league doubled its efforts. Charles, strong anl

rendered safe by the peace of Madrid concluded wit i

Francis, sent word from Seville in March 1526, through

the Romish Duke Henry of Brunswick, that he would sooa

come himself to crush the heresy. Luther saw the dangers

crowding around him; his advice was,—"We are threatened

with war; let us force our enemies to keep the peace, con-

quered by the Spirit of God, before whose throne we mnst
now combat with the arms of Draver; that is the first work
to be done."

The emperor commissioned his brother Ferdinand to

preside at tlie diet of Spires and carry out his wishes. But
before the diet met Francis and the pope had formed a

league against him, and Charles had commissioned Count
Frundsbcrg to levy an army of Germans to fight against

the pope, while.Ferdinand was called to Hungary to main-

tain against the Turks and others the kingdoms of Hungary
and Bohemia, bequeathed to him by King Louis after the

battle of Mohacz. When the diet at Spires met (June 152G),

after some deliberation a proposition presented by the free

cities was accepted that until a general council met "every

state shall live, rule, and bear itself as it shall be ready to

answer for to God and his imperial majesty,"—a decision

which foreshadowed the famous Augsburg formula cujus

regio ejus reliyio, the principle on which the German
Protestant church was afterwards legally based. The
Reformation had thus the three years, 152G-1529, to

organize and consolidate itself. The man of Germany at

that time among the princes was Philip, landgrave of

Hesse, and he was taught what to do by a citizen James
Sturm, the deputy of Strasburg at Spires. Sturm had con-

vinced Philip that the basis of the true evangelical church

was the acknowledgment of the self-government of the

church by sj^nods composed of the representatives of the

whole Christian people ; and this was embodied in the first

Protestant constitution, the Reformatio ecdesiariim Hassix
jiixta certmimam sermontim Dei regidam ordinata.^ The
constitution acknowledged the episcopal element, but not

episcopal rule ; the jus episcopate was invested in the

Christian community, and the flock of Christ were to hear
only the voice of their shepherd Christ. Bishops and
deacons were to be elected by the Christian people

;

bishops were to be consecrated by imposition of the hands
of three bishops, and deacons instituted by the imposition
of the hands of elders; while elders were associated with
the pastors in the pastoral care of the congregation. A
general or land synod was to be held annually, consisting

of the pastor of each parish and of pious men elected from
the various congregations, and there were provisions made
for provincial and congregational synods. Three men
were to be elected annually to exercise the right of visita-

tion. This was afterwards found to be inconvenient, and
sis and then thirteen superintendents for life were sub-
stituted. This board of superintendents became afterwards
an oligarchy, and at last a mere instrument of state,

overriding the original democratic constitutions of the

^' See Ricliter, Eranj. Kirchenordnungen, i. p. 56 ; and Lechler,
CescK. d. Prcsb. u. Synod. Ver/assung, p. 14.

church, a consequence of the disruption of Germany aad
of the paralysis of all national institutions. Luther hwl
in 1523 and 1524 professed principles almost identical

with those established in 1526 in Hesse. His action

ceased there ; after the peasants' war he abandoned his

more liberal ideas, and insisted on leaving everything to

the princes, and what could a people do cut up into

four hundred sovereignties 1 Luther never acknowledged
Cxsaropapism or Erasiianism as a principle>and as a right.

He considered the rights of the Christian people as a
sacred trust provisionally deposited in the hands of the

princes their representatives. " Where," he asked, " aro

the people to form the synods? I cannot find them." It

was Jfelanchthon's influence that facilitated the despotic

system and hampered the thorough reform of the forms of

worship. Luther withdrew from a sphere which he felt

was not his. He busied himself during these years with
plans to improve and simplify the church services at Wit-

tenberg. Some portions of the music in the communion
service were too difficult for the people. Luther induced

the elector to provide music teachers, and also to permit a

simpler service. This led to the German Mass and Order
of Worship for Wittenherg. The churches too throughout

electoral Saxony were becoming better attended, and
Luther had to consider and devise plans for church exten-

sion and supervision. His letters to Philip of Hesse,

disapproving of the new constitution of the church there,

show how jealous he had become of the entrance of

democratic ideas. Ho asked the elector of Saxony to take

charge of the church within his dominions, and Melaneh-

thon's articles fur the visitation of the churches in Saxony,

which foreshadowed the Lutheran consistorial organization,

show that. Luther distinctly contemplates the transfer of

the jus episcopale to the princes and magistrates. It is

true that he called these magistrates Nothebischvfe, but he

could not see any other solution of the difficulty, and
undoubtedly from the legal point of view it was easy to

transfer the right of supervision from one external authority

to another, and difficult to hand it over from the bishops

to the congregation. The new ecclesiastical organization

adopted in Hesse and electoral. Saxony had the effect of

making the archbishop of Mainz renounce in 1528 the

spiritual jurisdiction he had hitherto exercised over these

two districts.

Meanwhile the emperor had been again successful in his

political schemes. His German army under the Constable

Bourbon and General Frundsberg had seized upon Italy

and had sacked Rome, and again he had brought the pope

and Francis to terms. It only remained to subdue the

Reformation, and the medieval empire might be restored.

He lirst sent a dispatch saying that the edict of Worms
was to be held as in force. When the diet met at Spires

in 1529, the imperial commissioners forbade the celebration

of worship according to the reformed usage in churches,

and afterwards in the houses of the elector and of tho

landgrave. The Act of Toleration of 1526 was to be

abrogated. The diet appeared to be hopelessly divided, a

majority with the emperor and a minority with the elector

and the landgrave, and the majority passed an edict

which amounted to this that where the edict of Worms
coald not be executed without fear of revolution no further

reforms were to be allowed. The minority prepared a

protest. " The diet has overstepped its authority," they

said; "our acquired right is that the decree of 1526,

unanimously adopted, remains in force until a council can

be convened Up to this time the decree has maintained

the peace, and we protest against its abrogation."

Ferdinand, who represented his brother, assured the princes

that nothing remained for them but to submit ; he

threatened the free cities with the loss of their crivileges
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and with an interdict, and he left the diet while the

evangelical members were deliberating. In spite of these

threats the protest was signed by John of Saxony, George of

Brandenburg, Ernest of Liineburg, Philip of Hesse, and

Wolfgang of Anhalt among the princes, and by the

representatives of the free cities of Strasburg, Nuremberg,

Ulm, Costnitz (Constance), Lindau, Memmingen, Kempten,

Nordlingen, Heilbronn, Keutlingen, Isny, St Gall, Weissen-

burg, and Windsheim. This celebrated protest of April

16, 1529, from which comes the name Protestant, is one of

the noblest documents of Christian history. The protest-

ing princes and cities claimed as their right as Germans

the sacred duty freely to preach the word of God and the

message of saJvation, that all who would hear it might

join the community of believers. It was also an earnest

of true evangelical union;. for it was well known that

most of the cities were more inclined towards Zwingli's

than towards Luther's view of the sacrament.

If this great act be considered impartially, it is im-

possible not to see that neither Luther nor Melanchthon

wa3 the real leader of the time. Luther had no real com-

prehension' of what had to be done in Germany to preserve

the gospel from destruction. He had shown little sym-

pathy with the first attempt made in Hesse at the self-

government of the church ; still less did he see the

importance of the protest at Spires, and of the unity it

gave to the evangelical cause. It was evident that nothing

but the inroad of the Turks had saved the Protestant

princes after the diet, and that Charles was so far master

of Germany as to make it impossible for Germany to

become a Protestant nation. The Protestants were lost

unless they strengthened the alliance which they had just

founded at Spires. But Luther disliked such alliances; he

dissuaded the elector from sending deputies to the meeting

agreed to be held at Smalkald, and when the Saxon depu-

ties prevented any business being done he was proud of the

result. This apparent blindness and perversion of mind
requires explanation. Luther lived under the shadow of

the Middle Ages, and had been trained in scholastic law

as well as in scholastic theology. To the medieval jurist

the emperor was the impersonation of all social order and

moral law ; he was the vicar of God. In the later Middle

Ages the jurists had exaggerated this sacredness of the

I
emperor, and had done so quite naturally in order to protect

I

civil law from canon law, and to uphold the state against

the church. Luther could throw off scholastic theology,.

but he could not throw off that scholastic jurisprudence

that all his medieval heroes, Occam, Wickliffe, and Huss

had found so useful in their attacks on the papacy, and

that Luther himself had found so serviceable when he ap-

pealed from the church defined by the pope to the church

defined by the empire. He could not bear to think of an

alliance against the holy Roman empire. Luther too had
been trained in the school of Tauler and the Theolor/ia

Germanka, and partook greatly of their quietism. " Suffer

God to do His work in you and about you " was their motto.

There was a theological scruple also at the bottom of

Luther's opposition to a vigorous Protestant alliance and

a national attitude. This betrayed itself, first, in an un-

easiness about Zwingli's rising influence in Germany, and,

secondly, as a doctrinal idiosyncrasy respecting the sacra-

ment of the Eucharist. Philip of Hesse saw through this

instaiitly, and said, " I see they are against the alliance on

account of these Zwinglians ; well, let us see whether we
cannot make these theological differences disappear."

When Luther was raised above himself by the great

problem before him in that glorious period of action from

1518 to 1521, ho had considered the sacrament as a part

of the services of the church, and a secondary matter com-

pared with the right view of faith or the inward Christianity

which implies necessarily an unselfish believing and thank-

ful mind. He was convinced that there was no virtue

inherent in the elements apart from the communion, and
it was a matter indifferent how the spirituality of the pction

and the real presence, even the transubstantiation, might

be reconciled with faith. But the peasants' war and Carl-

stadt's mystical enthusiasm alarmed him. Where was this

to lead to, ho asked, and fte seems to have settled down
into a great resolve to abide by the tradition of the church,

and alter as little as possible provided room was found

for the exercise of Hying faith. So when he felt called

upon to form a theory of the doctrine of the sacrament of

the Eucharist he went back to his scholasticism to find

there some theory which should be traditional and yet afford

room for the spiritual priesthood of all believers, and for

the exercise of faith on the promises of God. He found it

in the writings of that schoolman whom he more than once

calls " his dear master," the daring Englishman William of

Occam. Transubstantiation, the Romish doctrine, offended

Luther in his two essential requirements : it demanded a (

miracle which could be performed by a priest only, and

this miraculous power so separated clergy from laity that

it denied the spiritual priesthood of all believers: and, when
the elements had been made by the priest's creating word

the body and blood of the Lord, their supernatural efficacy,

apart from the faith of the communicant, imparted grace.

Occam had championed a theory which in some form or

other had been in the church since the 10th century at

least, and which openly rejected one of these stumbling

blocks, and, as Luther saw, really did away with the other

also. According to Occam's scholastic distinctions, matter

can be present in two ways—(1) when it occupies a distinct

place by itself, excluding every other body, e.g., two stones

mutually exclude each other, and (2) when it occupies the

same space as another body at the same time. Every-

thing which is omnipresent or ubiquitous must be able to

occupy the same space as other things, else it could not be

ubiquitous. Christ's resurrection body, said Occam, had

this power when our Lord appeared among His disciples

while they were in a room with the doors shut ; at a

certain moment of time it and a portion of door or wall

must have been in the same place at the same time ; and

besides Christ's body is ubiquitous. It is therefore in the

elements bread and wine, in, with, and under them.

Luther took over this doctrine from Occam without altera-

tion. The very illustrations he uses in his Behenntniss

vom AbendmaU are taken almost verbatim from Occam,

De Aliaris Sacramento. From this it followed that con-

substantiation involved no miracle. Christ's body was not

brought into the elements by the priest; it was there natur-

ally. But its presence in these elements on sacramental

occasions brought with it a blessing, and imparted grace,

not because of the presence, but because God had promised

that this particular presence of the everywhere present body

of Christ would bring blessings to the faithful partaker.

Occam's theory of consubstantiation fulfilled all Luther's

wants, and above all it involved no explaining away of the

plain meaning of the sentence, " This is my body," such as

had offended him in Carlstadt. It is easy to see therefore

how Luther was alarmed at Zwingli. The Swiss Reformer

seemed to attack everything that Luther prized. He did

not care for tradition or church usage ; he seemed engaged

in a rationalistic attack on the presence of Christ in the

church, and on the word of God, and so he was guilty, in

Luther's estimation, both of self-confidence and of a

rationalism. On the other hand, Zwingli could not under-

stand what Luther meant; and yet he was anxious to unite

with him, and was willing to leave this one difficulty an

o[<cn question. It was in these circumstances—suspicion

on the part of Luther, blank amazement on the part of

16—

a
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ZwingU—that Philip of Hesse induced the Swiss and the

German theologians to meet at Marburg. Luther was

gloomy and suspicious, "as he had never been seen before,"

a friend said. The frank declarations of the Swiss

Reformers soon cleared away all shadows of diOference and

dissent on all points but one, and fourteen articles defining

the chief heads of Christian doctrine were adopted by botii

parties. Then came the discussion on the fifteenth, the

doctrine of the Eucharist. Luther took a piece of chalk

and wrote upon the table Hoc est corpus meuni, and when

worsted in argument, as he usually was, appealed to the

sentence. The discussion, which lasted four days, however,

resulted in the parties recognizing exactly where the point

of difference lay, and in reducing it to its smallest dimen-

sions. Both declared that they agreed in recognizing the

Eucharist to be a sacrament- of the true body and blood of

Christ, and that a spiritual partaking of this body was a

means of grace. They differed whether the true body and

blood of Christ were corporeally in the sacrament. It was

hoped that time would bring about alliance if not agree-

ment, but Luther was obstinate. " Submit yourselves,

believe as we do, or you cannot be acknowledged as Chris-

tians." He refused Zwingli's hand ;
" You have another

spirit from us," he said, meaning that there was no objec-

tive basis of faith between them owing to what he thought

to be Zwingli's rationalism. The result was a sad one,

but Zwingli was to some extent a gainer ; his view be-

came naturalized in Germany, where Swabia adopted it,

as did many of the imperial cities, and Philip of Hesse

indicated that he preferred it.

The Marburg conference was a sad prelude to the

decisive diet to be held at Augsburg in 1530. The new
diet was anxiously awaited. Charles had made known his

Intention to be present, and that he intended to enforce

obedience to the edict of Worms. He entered Augsburg

with great magnificence, and was in fact at the- zenith

of his power. Ho had broken the might of France,

humbled the papacy, been crowned at Bologna, reor-

ganized Italy, and driven back the Turk. His only

remaining task, and it seemed easy, was to crush the

Reformation. He first summoned before him the pro-

testing princes and asked them to withdraw the protest.

This they refused to do ; they had a clear constitutional

right, founding on the decision of Spires, to resist the

emperor, and they resolved to exercise it. Divine ser-

vice after Lutheran fashion was held at their quarters,

and they refused to join in the procession of the host

at the festival of Corpus Christi. Meanwhile Luther,

Melanchthon with him, was at Coburg, near enough at

hand for consultation and yet beyond the emperor's

reach. Melanchthon was preparing a confession with a

defence, the so-called Apology, in case the emperor should

require a statement of their doctrines. Luther was writing

commentaries on the Psalms and the prophets, and was
also preparing a popular edition of JEsop's Fables. Ho
also wrote comforting letters to the elector, and addressed

one of his most powerful writings to the Roman Catholic

clergy assembled in the diet at Augsburg. Melanchthon
was sent for to consult about the confession which the

emperor had asked for, and Luther remained alone at

Coburg full of anxiety, for he knew his friend's helpless-

ness in the actual bustle of life. When Melanchthon got

to Augsburg he really became a source of weakness. He
induced the elector for the sake of peace to give up the

services in the Franciscan church, and the Protestant

preachers left the towa in despair. Luther all the while

had been quiet, waiting in patience: but this was too much
for iim, and he wrote to encourage the elector to resist.

At length the Protestants were asked to present their con-

fession. The emperorcrdered it tobere^d inLatio, "No,"

said the elector, "we are Germans and on German ground.'

]

I hope therefore your majesty will allow us to speak Ger-
man." When the vice-chancellor of the elector, Dr Christian

Baier, had read the first part of the confession, which ex-

pounds the principles of the Reformation, and in particular

the doctrine of justification by faith, "that faith which
is not the mere knowledge of an historical fact, but that

which believes, not only the history, but also the effect of

that history upon the mind," it is said that an indescribable

effect was produced upon the assembly. The opponents
felt that there was a reality before tliem which they had
never imagined ; and others said that such a profession of

faith by such princes was a more effectual preaching than

that which had been stopped. " Christ," said Jonas, " is

in the diet, and he does not keep silence ; the word of God is

indeed not to be bound." The Roman Catholic theologians

present answered the confession, and then the emperor
engaged Protestant and Roman Catholic theologians in

negotiations in which Melanchthon soon showed his yield-

ing character, even granting that the Protestants might
acknowledge the jurisdiction of the bishops and the

supremacy of the pope. At this critical moment Luther's

indignation found vent. " I understand," he wrote to

Melanchthon, " that you have begun a marvellous work, to

make Luther and the pope agree together, but the pope

will say that he will not, and Luther begs to be excused.

Should you, however, after all succeed in your affair, I

will follow your example and make an agreement between

Christ and Belial. Take care that you give not up
justification by faith ; that is the heel of the seed of the

woman to crush the serpent's head. Take care not to

acknowledge the jurisdiction of the bishops; they will

soon take alL In short, your negotiations have no chance

of success unless the pope will renounce papacy." The
Romanists fortunately demanded too much. Not even

Melanchthon could yield the acknowledgment of private

masses, of auricular confession, and of the meritorious

character of good works; and the negotiations ceased.

While they were in progress the emperor tried to intimidate

th» princes by calling the imperial troops into the free city

of Augsburg and closing the gates. The landgrave escaped,

and this frightened the Catholic.i. Unfortunately the Pro-

testants had confessed their want of union by presenting

three confessions of faith :—the Lutherans had presented

the Augsburg confession; Slrasburg, Constance, Memmin-
gen, and Lindau, which sympathized to some extent with

Zwingli, presented the Confessio Tetrapolitana; and Zwingli

had sent a confession which was not, however, laid before

the diet. The diet broke up with the final decision that

the Protestants should have till next spring to consider

whether they would voluntarily return to the church, and

that, if they proved obstinate, then measures would be

taken for their extermination.

To the student of Luther's life the diet of Augsburg is

noteworthy chiefly because it was the occasion of the com-

position of the Augsburg confession, or Augnsiana, which

afterwards became the symbol or confession of faith for

the Lutheran Church. It was prepared by Melanchthon,

founding on the fifteen articles of the Marburg conference,

on the seventeen articles of Schwabach, and on the articles

of Torgau. These various sets of articles had been written

by Luther, and therefore the Augsburg confession was

strictly Luther's own, It consists of two parts—one

dogmatic, in twenty-one articles, which states the principal

doctrines of the evangelical church, beginning with the

Trinity and ending with the worship of saints ; and the

other in seven articles, rejecting the celibacy of the clergy,

the sacrifice of the mass, auricular confession, ceremonial

feasts and fasts, monastic vows, and the secular jurisdic-

tion of bishops. It was signed at Augsburg by John ot
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Saxony, George of Brandenburg, Ernest of Liineburg,

PLilip of Hesse, and Wolfgang of Anhalt, and by the

representatives of the towns of Nuremberg and Reutlingen,

and during the sitting of the diet by the representatives of

Kempten, Heilbronn, Windsheim, and Weissenburg.

The edict of the diet was published on November 19,

and the Protestant princes, after having overcome the

resistance of Luther, met for conference at Smalkald on

Christmas 1530, and formed an armed league for mutual

defence. It had been declared that the edict would be

put into execution in the spring of 1531, but when the

time came the emperor had other work on hand : France

Kad become troublesome, and the Turks were again moving.

He found also that he could not count on the support of

the Roman Catholic princes in the suppression of the

Protestants. In presence of danger the Zwinglians and

Lutherans showed a united front, and the Smalkald

league grew to be a formidable power. The emperor

resolved to come to terms with his Protestant subjects,

and the result was the religious peace or rather truce of

Nuremberg, which left things as they were until a general

council should settle matters. The years following this

peace of Nuremberg were comparatively prosperous to the

Keformation. The Smalkald league was the only organ-

ized power in Germany, and very efifectually prevented

the oppression of Protestants by Roman Catholics. Tear

by year their numbers increased, and Luther saw the

evangelical cause prospering. First Wurtemberg was won
back for young Duke Christopher, who had become a

Protestant, and found on his entry to his dukedom that his

people were already secret Protestants. In northern and
central Germany whole districts embraced the evangelical

doctrines. Electoral Brandenburg and ducal Saxony had
received Protestant rulers, who found their people more
than willing to accept the creed of their new sovereigns.

At last the only large states that were able to maintain a
firm front against the Lutheran doctrines were Austria,

Bavaria, the Palatinate, and the great ecclesiastical pro-

•viuces on the Rhine, and even in these regions visitations

of the churches had shown that the people were forsaking

the old faith. It appeared that a more serious defection

han any might at any moment be mads. The elector-

archbishop of Cologne showed signs of abandoning the

Roman Catholic faith and secularizing his vast episcopal

territories, and this threatened defection made Charles

bestir himself. If the elector became a Protestant the

Lutherans would be in a majority in the electoral college,

and a Protestant emperor might he elected.

During all these years Luther was quietly at work at

Wittenberg, lecturing, preaching, and writing, At first

Le felt anxious lest civil war should break out and he had
scruples about many of the doings, and even about the

very existence, of that league which was really giving the

land peace. Under Philip of Hesse the Reformation was
assuming a national and political shape which alarmed
Luther, who was inore than ever content to keep out' of

public life and keep himself to his books. He began
publishing his lectures on various portions of Scripture, on
the Epistle to the Qalatians and on the Psalms of Degrees.

He wrote one or two controversial tracts, mainly to show
how the Reformed could not accept the conditions offered

by the Roman Catholics at Augsburg. In 1534, to his

great joy, the first complete translation of the whole Bible

was published, and next year appeared a new edition of

the Wittenberg hymn-book, containing several new hymns.
Philip of Hesse, notwithstanding tho failure of the con-

ference at Marburg, still thought that something might
be done to remove the theological differences between
Switzerland and Saxony, or at least between Swabia,

Strasburg, and Wittenberg. The divines of Switzerland

and of South Germany had by their publications made this

somewhat easier. The confession <5f Basel, drafted by
CEcolarapadius (1531), revised by Myconius, and published

by the magistracy of Basel, had declared that in the Lord's
Supper Christ is the food of the soul to everlasting life,

and Bucer and the other South-German divines were
anxious for a union. Philip of Hesse, Bucer, and
Melanchthon met in conference at Cassel to arrange
preliminaries, not without suspicion on Luther's part, for

he could not trust Melanchthon at a conference, and, as he
remarked to Justus Jonas, he hated trimmers above all

men on the earth's round. The result, however, was better

than he had hoped for. Bucer drew up a short confession

which was to be submitted to the Wittenberg theologians,

and was favourably received by them, and the South
German theologians were invited to a further conference

at Wittenberg. The meeting very fairly represented all

the German states, and the result was the document known
as the Wittenberg Concordia. This document, mainly
drawn up by Bucer and Melanchthon, contains a statement

of the doctrine of the sacrament of the supper expressed

according to the Lutheran formula, with the declaratiou

that unworthy or faithless partakers really do not participate

in the sacrament. Melanchthon and Bucer had used too

much diplomatic skill in drawing up the formula, for the

essential differences between the. Wittenberg and the

Strasburg school were not really faced and explained

;

they were covered over with ambiguous language. Nor
could the document be accepted by the Swiss ; but for a

time it seemed as if a satisfactory basis of peace had been

established. The general satisfaction was increased by
the publication of the First Helvetic Confession, wliich,

while stating the doctrine of the sacrament of the supper

in a manner essentially Zwinglian, laid special emphasis

on the real spiritual presence of Christ in the elements.

Luther in a letter to Meyer, burgomaster of Basel, and
also in his answer to the Reformed cantons, acknowledged

the earnest Christianity of the confession, and promised to

do his best to promote union with the Swiss. It is sad

to think that only three years later his old animosity to

Zwingli and his countrymen broke out again in his book

against the Turks, and that he renewed the sacramental

controversy with even more than the old fury in his Short

Confession of the Iloly Saa-ament, published in 1544.

This first Helvetic confession was drawn np, however,

for another purpose than to appease the Wittenberg

theologians. Charles V. was" urging the pope to call a

general council to end the disputes within the Christian

church, and it seemed so probable that a council would

meet that the Protestants were everywhere preparing

themselves by doctrinal statements for taking their share

in its work. The German princes and their theologians

were also greatly exercised about this council, and the

thought of it and how Protestants should bear themselves

in its presence was filling Luther's mind. He wrote several

short papers on tho subject in the years 1534-39, begin-

/ning with the Convocatio ConcUii liberi and ending with

Von den Conciliis und Kirchen. The pope, Paul III.,

yielding to the pressure of the emperor and of such liberal

Roman Catholics as Vergerius, his legate in Germany, called

a council to meet in May 1537 at Mantua, and invited

the Lutherans to be present. The Lutheran princes and

theologians felt compelled to face the question whether

they could or could not accept the invitation, and Luther,

at tho request of the elector of Saxony, prepared a creed

to be used as a basis of negotiations. This was submitted

to the princes and theologians assembled at Smalkald,

and was in substance adopted by them. It is called the

Smalkald Articles, and is important because ia its state-

ment of the doctrine of the sacrament of tho supper it
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repudiates tbe yVittenberg Concord. The princes decided

that they would have nothing to do with a council which

did not meet on German soil. Tlio emperor, alarmed at

the progress of Protestantism, and at the united front

ehown by German Protestants, and troubled by the refusal

of the pope to consent to a council to be held out of Italy,

strove to bring Protestants and Roman Catholics together

by means of religious conferences. The first of these,

held at Hagenau, came to nothing. Next year (1541)

the conference was renewed at Worms, when the Roman
Catholic party promised reforms on condition that the

Protestants first submitted to the pope. This condition

could not be accepted. Representatives met the same

year at Ratisbon, and here the conference was wrecked

on the doctrine of transubstantiation, but the diet re-

newed the terms of the edict of Nuremberg of 1532—the

Ratisbon Interim. It was felt by all parties that this

provisional state of matters must come to an end some

time, and that the Protestants must either be allowed to

have their own way or win it by fighting. The emperor

was not ready for war, and at the diet at Spires in 1544

it was agreed that the Protestants were to maintain their

rights until a general council met. Whatever hopes they

might have from such a council were soon dissipated.

The council of Trent was opened that year, and its earliest

acts were to refuse to pass the conciliatory measures pro-

posed by some of the liberal Roman Catholics. The em-

peror still temporized and promised reforms, if not by a

council then by a national assembly, and many of the

Protestants, Luther among them, still hoped that matters

might settle themselves without civil war. This hope

inspired what was called the Wiilenherg Reformation, a

document setting forth how near the evangelical church

might approach the Roman Catholic and still retain the

truths it had i^iheld. The year 1546 began, however,

with unmistakable indications that Charles was now ready

to strike a decisive blow.

Luther had been suffering much during the last few

years, and ho felt his end to bo near. In the month of

January 1546 he undertook a journey to Eisleben in very

inclement weather, in order to restore peace in the family

of the counts of Mansfeld ; he caught a violent cold, but

preached four times, and took all the time an active part

in the work of conciliation. On the 17th of February he

felt that his release was at hand ; and at Eisleben, where

he was born, he died, in faith and prayer, on the following

day. Nothing can be more edifying than the scene pre-

sented by the. last days of Luther, of which we have the

most authentic and detailed accounts. When dying, he

collected his last strength and offered up the following

prayer :
—" Heavenly Father, eternal, merciful God, thou

hast revealed to me Thy dear Son, our Lord Jesus

Christ. Him I have taught, Him I have confessed, Him
I love as my Saviour and Redeemer, whom the wicked

persecute, dishonour, and reprove. Take my poor soul up

to Thee 1 " Then two of his friends put to him the solemn

question,— "Reverend Father, do you die in Christ and

in the doctrine you have constantly preachedV He
answered by an audible and joyful " Yes " ; and, re-

peating the verse, " Father, into thy hands I commend
my spirit," he expired peacefully, without a struggle, on

ths 18th of February 1546, at four o'clock in the after-

noon.

The books on the lifeand work of Luther are so very numerous
that it is impossible to do more than mention one or two. The best

editiona of Luther's works are (1) the Wittenberg, 1539-58, 19

vols, folio (7 in Latin and 12 in German ; Melanchthon wrote the

prefaces, and inserted a life of Luther in the beginning of the 2J
vol.)

; (2) Welch's edition, 24 vols. 4to, 1740-53
; (3) the Erlangen

edition, 66 vols, and 2 vols, of indices, in all 67 vols., in German,

Xii 33 vol*, in Latin, and nqt yet complete, 1826-73
; (4) the last

edition, is from Frankfort-on-the-Main, publishing at the expense
of the Prussian Government.

Luther's letters have been collected and edited by (1) Do Wetto
and Seidemann, L. Britfc, 6 vols., 1825-56

j (2) this emendated
by Burkhnrdt, Luther'a- Briefwcchsel, 1866

; (3) Seidemann, LiUher-
brie/c, 1859.

The Tabte Talk was translated (1) by William Hazlitt, 1848,
and (2) by Bindseil, Colloquia, ic., 3 vols., last published 1866,

Lives of Luther.— (1) J. JIathesius, Uistorie von D. M. Luther's,

kc, Nuremberg, 15C6; (2) Cochlxas, Acta etSeri])taLuthcri, Paris,

1565 (Roman Catholic' and abusive)
; (3) Merle d'Aubigne, ZZ'iist

of the Ilef., vols, i.-iii., 1838, &c. ; (4) Michelet, Life of Luther
(his statements about himself collected), translated by Hazlitt, '1846

and 1862; (5) Croly, Life of Luther, 1857; (6) Julius Kostlit»,

Martin Luther, scin Leben, etc., 2 vols., 1875. The last is the best

;

it has been summarized for popular reading in one volume, with
interesting illustr.ations, 1882.

I'hc Times of Luther.— (1) Eanke, Deutsche Gcschichlcim Zeitalttr

d. Ref, 6 vols., 1st ed. 1839-47, reached a 6th ed., Eng. transl. by
S;irah Austin, 1845-47; (1)'lJ6!ichi!T, Reformations Akta, Leipsic,

1720 ; (3) Hausscr, The Period of the Reformation, 2 vols., 1873
;

(4) Seebohm, Era oftlie Protestant Revolution, 1877 (a very short

but good and clear summary of events). (T. M. L.)

LUTHERANS are that body of Christians who adopted

the principles of Martin Luther in his opposition to the

Roman Church, to the Swiss theologians, and to the sectaries

of Reformation times. They called themselves " Evan-

gelical" in distinction from the "Reformed" or followers

of Calvin, and formed one of the two great divisions of the

Reformation Church. In the early days of controversy

tho stricter Lutherans held it to be their peculiar function

to preserve the status religionis in Germania per L^ijihcruvi

instaurahis and to watch over the deposition Jesu Christi

which Luther had left in their charge. Luther himself was

much more fitted to be a reformer and preacher than an

exponent of a scheme of theology or tho organizer of an

ecclesiastical system. His wonderfully sympathetic nature

was easily niovpd, and his own liking and disliking ruled

him too strongly to make him able to expound in calm

fashion the whole ronnd of theology, giving to each doc-

trine its proper place in the system. His nominalist train-

ing, his quietism got from the mystics of the 14th and 15th

centuries, his occasional fits of morbid melancholy, all kept

him from looking at the whole system of Christian doc-

trine, and made him intensify the value and importance of

special aspects of truth. The early Lutheran theology

reflected the character of its founder. It lacked systematic

completeness, more especially in its failure to construct a

comprehensive doctrine of the work of the Holy Spirit, and

it swayed from side to side in violent controversies, until at

length out of the conflicts emerged the Form of Concord^

which, it was hoped, would succeed in pacifying the church.

The dogmatic symbols of the Lutheran Church are usually

said to include nine separate creeds, three of which are

taken from the cirly Christian Church while six are the

production' of tho 16th century. They are the Apostles'

Creed, the NicceoConstantinopolitan Creed in its Western

form {i.e., with the filioque), the so-called Athanasian

Creed, the Augsburg Confession or Confessio Augustana,

the Apology for the Augsburg Confession, the Smalkald

Articles, Luther's two Catechisms, and the Form of Con-

cord. These nine confessions together make up the Liber

CoHcordix of the Lutheran Church; but only the three

pre-Reformation creeds and the Augsburg confession are

recognized by all Lutherans. Luther's catechisms, espe-

cially the shorter of the two, have been almost universally

accepted, but the Form of Concord was expressly rejected

by many Lutheran churches. The Augsburg Confession

and Luther's Shorter Catechism may be said to contain the

distinctive principles of Lutheranism which all Lutherans

unite to maintain, but, as the principal controversies of the

Lutheran Church all arose after the publication of the

Augsburg Confession, and were fought out between men
who united in accepting that symbol, it does not contaiii
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all that is distinctively Lutberau. The Aug«burg Confes-

sion itself perhaps owed its universal recognition to the

fact that it existed in two forms which vary slightly in the

vray in which they state the doctrine of the sacrament of

the supper, the variata and the invariata ; and this also

beafs witness to the lack of dogmatic coherence which is a

characteristic of Lucheranism. Melanchthon's Hypotyposes

or Theological Commonplaces (first published in 1521) may
also rank along with these creeds as an authoritative ex-

position of Lutheran theology ; and the changes it under-

went in its successive editions show the incomoleteness of

the system.
The earliest controversy which divided the Lntlieran Clmrch

arose in Luther's lifetime and lasted till 1560 (1537-60). It

sprang out of differences of opinion about the precise meaning to be

attached to the term law in Luther's famous distinction between

law and gospel. According to Luther, land the distinction runs

through all Lutheranisni, law and gospel are the two factors which
bring home to the individual experience the knowledge of salvation.

Law is the rule of life given by God and accompanied by threaten-

ing and promise, which counts on fulfilment from selfish' motives,

threatens, terrifies, and so produces contrition; while the gospel,

which is the message of salvation, comes after the law has done its

work, and soothes. In this description the terra law has a distinct

and definite meaning ; it signifies legal injunction or command ;

and Lutl>er and his followers were accustomed to say, using law in

this definite way, that Christ was not under the dominion of the

law, and that Christ's people are also free from its restraints. They
said that believers ascend to the Christian life only when they have
transcended a rule of life which counts on selfish motives for

obedience. The word law manifestly means more than Luther put
into tliis definition, and certain Lutherans who accepted Luther's

distinction between law and gospel did not understand his limita-

tion of the term law, and taught that believers were not bound by
the moral law. These antinomians, of whom Agricola was chief,

took Luther's statements about law in the sense of legal injunction,

and applied them to law in the sense of ethical rule. The con-

fusion perplexed the Lutheran Church for more than twenty years.

The debates which harassed the Eeformed Church in the Armi-
nian controversy, and the Roman Catholic Church in the Janseuist

controversy, appeared in the Lutheran Church in three separate

disputes lasting from about 1550 to 1580. In these discussions

the stricter Lutherans were on the one side and Melanchthon with
his followers on the other. The first dispute was about the relation

of good works to conversion. George Major, founding on an ex-

pression in Melanchthon's Commonplaces (ed. 1543), s?id that good
works were both necessary and useful to holiness. He was attacked

by Mat. Flacius and Nic. Arasdorf, and after a long and tedious

discussion, in the course of which it was made plain that both sides

were sadly in want of general principles to guide them, and that
important words were used ambiguously, George Major's proposition

waa condemned because it savoured of Pelagianism. The protilem

took a new form in the Synergist controversj', which discussed the
nature of the first impulse in conversion, and in the controversy
aibout origiual sin which followed. Pfefiinger taught that the first

impulse in conversion came from grace and was due to the Holy
S}>irit, but he said that this impulse and its effect might be com-
pared with the reviving of a man apparently dead. According to

the strict Lutherans the sinner was not apparently but actually
dead, and grace was not merely the occasion, it was »lso the actual
•ause, of tlie new life. Flacius, who had made this last assertion,

which seemed to be generally approved of, started a fresh controversy
by his assertion that sin was part of the substance of man in his
present natural condition, and that man was no more able to oo-

ojwrate with grace in conversion than was a stick or a stone. This
was contradicted by Striegel, a follower of Melanchthon, who
asserted that sin had not totally destroyed man's ethical nature,
btit that grace by its action changed what was morally insensible

into what was morally living and sensible, so that there could be
an actual synergy or co-operation between God's grace and man's
will.. V

The controversy raised by Andrew Osiander was much more im-
portant, and revealed the lack in Lutheranism of a eysteinatio

QWJtrine of the work of the Holy Spirit. Osiander felt that Lutheran
dogmatic had omitted to make adequate answer to a most important
practical question in theology, how Christ's death on the cross
could bo so brought into connexion with each uidividual believer
as to bo the ground of his actual ju.stifieation. The medieval
church had spanned the centuries by their doctrine of the prolonga-
tion of Christ's death throughout time in the sacrifice of the mass,
but he could not see any such real connexion of time in Luther's
theology. He proposed to get rid of the difficulty by saying that
justification is a real work in the believer done by that same Christ
who had died so many centuries before. He distinguished between

redemption, .which he said was the result of the historical work of
Christ upon the cross, and justification, which was another work of
the same Redeemer within the individual, and was the influenco
renewed daily of the Saviour upon each believer. The controversy
which followed was full of ambiguities and misunderstandings, but
out of it rose two distinct theories, one of which was generally
adopted by the Lutherans, while the other has become a character-

istic of Reformed or Calvinist theology. Striegel declared that the
principal effect of the work of Christ upon the cross was to chnngo
the attitude of God towards the whole human race, aud that in

consequence whenever men come into being and have faith they
can take advantage of that change of attitude, the ground of their

assurance being, that because of what Christ did God regards all

men benevolently. Calvinist divines, on the other hand, found in
Obiander's criticism the starting point of that close connexion
between Christ's work and His redeemed which is expressed in the
doctrine of the limited reference in the atonement.

These controversies all implied more or less vagueness in the
earlier dogmatic teaching of Ltther. Others, however, arose from
what may be called the distinctive teaching of Luther upon the sacra-

ment of the Lord's Supper and what was implied therein. In tho
article Luther it is stated that Luther, at least after the peasants*

war, held strongly a theory of the connexion between the elements
(the bread and wine) and the body and blood of Clirist in the sacra-

ment of the supper which has been called consubstantiation, and
that this theory depended not merely on certain scholastic defini-

tions of bodily presence but also on the supposition that the attri-

bute of ubiquixy belonged to the glorified body of Christ. A large

number of Lutherans, followers of Melanchthon, were inclined to

depart from these views aud approach the more reasonable opinions

of Calvin, and this occasioned controversies about Crj'pto-Calvimsm
aud about Christology. The university of Jena was the theological

headquarters of tho stricter Lutherans, while 'Wittenberg was the
centre of the Philippists or Crj'pto-Calvinists, as the followers of

Melanchthon were called. At first the controversy mainly gathered
round the questions ofthe corporeal presence, the oral manducation,
and the literal eating of Christ's body by unbelievers as well as by
the truly faithful, but it soon included discussions on the persoij

of Christ, and into these discussions Reformed theologians were
brought. The result was various conferences at Maulbronn (1564),'

which only confirmed both parties in their peculiar opinions ; at

Dresden (1571), where the Lutheran theologians of Wittenberg

and Leipsic renounc^dt the doctrine of the ubiquity of Christ's body
and agi'eed with the Calvinists ; and elsewhere. It seemed as if

the Lutheran Church was about to fall in pieces.

Out of these disputes came the Form of Concord, due principally to

Jacob Andreae of 'fiibingen, to Martin Chemnitz of Brunswick, and
to Nicolas Selnecker of Leipsic. 'V'arious^theological conferences were

held, and various articles of agreement more or less successful were

frSmed, of which the most notable was the Torgau Book of 1576 ;

and at last in 1577 the Form of Concord was published, and after

much discussion and negotiation was adopted by most of the

Lutherans in Germany. Its recognition was mainly due to the

exertions of Augustus, elector of Saxony It was also adopted by
the Lutheran churches of Sweden in 15S3, and of Hungary in

1597. It was rejected by the Lutheran Church of Denmark and.

by the churches of Hesse, of Anhalt, of Pomerania, and of several

imperial cities. It was at fu-st adopted and afterwards rejected by
Brunswick, by the Palatinate, and by Brandenburg.- The German
churches which refused to adopt it became for the most part

Reformed or Calvinist ; and tho Form of Concord, which ended the

more violent theological controversies among the Lutherans, greatly

decreased their numbers and territorial extent.

The divided state of Germany in the 16th century, aided by the

maxim of the peace of Augsburg which gave Protestantism a legal

standing, and by the consistorial system of ecclesiastical rule which
followed in consequence, divided the Lutherans in Germany into a

iiumber of separate churches as numerous as the principalities. At
the peace of Augsburg tho adherents to the Augsburg Confession

were recognized legally as having a right to exist within the

German empire, and the power of determining whether the Roman
Catholic or Lutheran confessions should be the recognized creed of

the state was left, with some reservation, in the hands of the

supremo civil authority in each separate principality (cujua rtgio

ejus rcligio). This virtually gave the direction of the church of

each_Gernian state into the hands of the supreme civil power
therein ; it belonged to the princes in the various principalities and

to the muuieipal councils in the fiee imperial cities. This legal

recognition of the supreme authority of the civil power in ccclesi-'

astical affairs was intensified by the adoption in tho Lutheran

Church of tho consistorial system of church government, which was
the distinctive mark of the Lutheran as opposed to the Reformed^

Church. The consistorial system took a great variety of forms, but

it had one common characteristic : it simply transferred tho jua

episcopale from tho bishops to the civil authorities, and, as the

bishops ruled their dioceses in ecclesiastical and other matters by

means of councils or wnsistories appointed by themselves, so in the
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Lutlicran Church these old ei>!scopal consistories were transformed
int-> rouncila whose members were appointed by the civil rulers.

Thus each petty German state had its own church with its special

organization and peculiar regulations. Richter in his^ffcniiji^/iiTne

KirchcnordnungcndcslQUnJahrhunderts (2 vols., 1846) hascoUected
more than one hundred and eighty separate constitutions of churclies

Idhering to the Augsburg Confession. This minute subdivision
makes it almost impossible to recognize any unity in the Lutheran
Church save what comes from the profession of a common creed.

The publication of the Form of Concord drew the strict Liitherans.

more together, and set over against them in Germany a Calvinist
Church, and the divided state of Protestantism greatly weakened
its strength in the religious wars of the 17th century. As the
smaller German states came together iu larger principalities the
iwkwardness of the separate Protestant churches was more keenly
felt. JIany attempts were made by conferences, as at Leipsic
(1631), Thorn (1645), Cassel (1661), to unite Lutherans and
Reformed, though without success. At length the union of the
two churches was elTected mainly by the force of the civil authority
in Nassau (1817), in Prussia (1817), in Hesse (1823), in Anhalt
Dessau (1827). These unions for the most part aimed, not at in-
eorporating the two churches in doctrine and worship, but at
bringing under one government the two confessions, and permitting
every congregation to use at pleasure either the Lutheran or the
Heidelberg Catechism. They were sometimes accompanied, as in
Prussia, by a separation of the stricter Lutherans, who formed
themselves into dissenting churches. The separation in Prussia
was caused mainly by a new liturgy which Frederick William III.

forced >on the church, and which the dissenters or Old Lutherans
tfused to use. The divisions caused in this way were at first

repressed but were afterwards tolerated, and have reproduced them-
selves in the flourishing Lutheran Church of the United States.

See Ritschl, " Die Entstehung der Lutherischen Kirche " {Zeitsch.

fur KirchengeschichU, i. 1); Hundeshagen, Beiirdge sur Kirchcnvcr-
fassungs GeschicMe, &e., 1864 ; Corner's Eiatory of Protestant
Theology ; Hering, Gcschichle der hircMichen Unionsversuche seit

iie Reformation, 1836-38 ; Sack, Di< Emngclixhe Kirche mid dit
Union, 1861 (T. M. L.)

JjUTON", a market-town and municipal borough of
Bedfordshire, England, is situated in a fine valley near
the source of the Lea, 31 miles north-west of London.
The parish chnrch of St Mary, dating from the 14fch

century, a very fine building in the Decorated Norman
and Later Eaglish styles, contains a large number of
old monuments and brasses. Its entire length is 182
feet, the width of nave and aisles 57 feet, and the width
of the transepts from north to south 101 feet. On th^
process of restoration, begun in 1865, XGOOO has been
expended. The other principal public buildings are the
town-hall, the corn exchange, the court-house, and the
plajt halL Luton is the principal seat of the straw-plait

manufacture in England. The industry originated in the
colony of straw-plaiters transplanted by James L from
Scotland, whither they had been brought from Lorraine by
Queen Mary. Though the town is very ancient, it was
first incorporated in February 1876. The population,
which in 1871 was 17,317, was 23,959 in -1881.

LUTZK, a district town of Russia, in the government
of Volhynia, on the Styr, 162 miles west-north-west of

Szitomir, and 5 miles from the Kivertzy station of the
railway between Kieflf and Brest-Litovsky. It is a very
old town, supposed to have been founded in the 7th century ;

in the 11th century it was kno.vn under the name of

Luchesk, and was the chief town of an independent
principality. In the 15th century it", was the seat of a
bishop, and became a wealthy town, but during the wars
between Russia and Poland in the second half of the 16th
century, and especially after the extermination of its

40,000 inhabitants, it lost its importance. In 1791 it was
taken by Russia. It is now a rather poor town, situated
in an unfertile district, and its 11,500 inhabitants, many of
t^em Jews, live mainly by shipping goods on the Styr.

LUXEMBOURG, FEAwgois Henbi de Montmoeehct-
BouTTEViLLE, Dttc DE (1628-1695), marshal of France,
the comrade and successor of the great Condd, was born
\t Paris on Janu.lry 8, 1628. His father, the Comte de
Montmorency-Boutteville, had been executed six months

before his birth for killing the Marquis de Beuvron ia a
duel, but his aunt, the Princesse de Cond^, recognizing in

him the last male heir of her great family De Montmorency,
took charge of him, and educated him with her son, the

Due d'Enghien. " The young Montmorency attached him-
self enthusiastically to his cousin, and shared his successes
and reverses throughout'the troubles of the Fronde. He
returned to France in 1659 and was pardoned, and Conde,
who was then much attached to the Duchesse de Chatillon,

Montmorency's sister, contrived the marriage of his adherent
and cousin to the greatest heiress in France, the Princesse

de Tingry, after which he was created Due de Luxembourg
and peer of France. At the opening of the war of the

devolution, 1667-68, QonAi, and consequently Luxem-
bourg, had no command, but in the second campaign he
served as one of Condi's lieutenants in the conquest of

Franche Comti. During the four years of peace which
followed the peace of Aix-la-CHiapelle, Luxembourg
diligently cultivated the favour of Louvois, and in 1672
received orders to commence hostilities with the Dutch.
He defeated the prince of Orange, whom he was to beat

again and again, at Woerden, and ravaged Holland, and
in 1673 mad'j his famous retreat from Utrecht with only

20,000 men in face of 70,000, an exploit which placed him
in the first rank of geuerals. In 1674 he was made captain

of the gardes du corps, and in 1675 was made marshal of

France. In 1.676 he was placed at the head of the armj
of the Rhine, but failed to keep the duke of Lorraine out

of Philipsburg; in 1677 he stormed Valenciennes ; and in

1678 he defeated the prince of Orange, who attacked

liira at 6t Denis after the signature of the peace of

Nimeguen. His reputation was now at a great height,

and it is commonly reputed that he quarrelled with

Louvois, who managed to mix him up ia the confessions

of the poisoners, and get him , sent to the Bastille.

Rousset in his Elstoire de Louvois has, however, shown
that this quarrel is probably apocryphal There is

no doubt that Luxembourg spent some months of 1680
in the Bastille, but on his release took up his post at

court as capitahie des gardes, and was in no way dis-

graced. When the war of 1690 broke out, the king and
Louvois also recognized that Luxembourg was the only

general they had fit to cope with the prince of Orange, and
accordingly he was put in command of the army of

Flanders. On July 1, 1690, he defeated the prince of

AValdeck at Fleurus with' the loss of 14,000 men and
49 pieces of cannon. In the following year he com-
manded the army which covered the king, who was
besieging Mons, and defeated William IIL of England at

Leuze on September 18, 1691. Again in the next cam-
paign he covered the king's siege of Namur, end utterly

defe&ted William at Steenkerk on June 5, 1692; and on
July 29, 1693, he won his greatest victory over his old

adversary at Neerwinden, in which he took 76 pieces of

cannon and 80 flags. No wonder he was received with

enthusiasm at Paris by all but the king, who looked coldly

on a relative and adherent of the Condes. He conceived

himself strong enough to undertake an enterprise which

St Simon describes at length in the first volume of his

Memoirs : instead of ranking as eighteenth peer of France

according to his patent of 1661, he claimed through his wife

to be Due de Piney of an old creation of 1571, which would

place him second on the roll. The whole affair is described

with St Simon's usual keen interest in all that concerned

the peerage, and was chiefly checked through his assiduity.

In the campaign of 1694, possibly owing to this check,

Luxembourg did but little in Flanders, except his

well-known march from Vignamont to Tournay in face

of the enemy. On his return to Versailles for the

winter he fell ill, and died on January 4, 1695. In hia
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last moments he was attended by tlie famous Jesuit priest

Bourdalohe, who said on his death, " I have not lived his

life, but I would wish to die his death." The holy father

certainly had not lived, lilic Luxembourg, whose morals

were conspicuously bad even in those times, and whose life

had shown very slight signs of religious conviction. But
as a general he was Condc's grandest pupil. Utterly

slothful, like Condd, in the mauagemeiit of a campaign,

and therein diflering from Turenne, at the moment of

battle he seemed seized with happy inspirations, against

which no ardour of William's and no steadiness of Dutch
or English soldiers aould stand. His death and Catinat's

disgrace close the second period of the military history of

the reign of Loais XIV., and Catinat and LuxembouTg,

though inferior to Condu and Turenne, were very far

superior to Tallavd and Villeroi. He was distinguished

for a pungent wit. One of his best retorts referred to

his deformity. " I never can beat that cursed hump-
back," William was reputed to have said of him. " How
does he know I have a hump? " retorted Luxembourg,
" he has never seen my back.". Ho left four sons, the

youngest of whom was a marshal of France as Mar^chal

de Montmorency.

See the various memoirs and histories of the time. There are

some interesting facts in Desormcaux's Histoirc de la MrSson da

Montmorency. Camille Rousset's Louvois should also be studied.

LUXEMBUKG, a grand-duchy of Europe, governed

under a special constitution bythe king of the Netherlands,

is bounded on the N. and K by Ehenish Prussia, S. by
Lorraine and the Frejach department Meurthe-et-Moselle,

and W. by Belgian Luxemburg. It measures 32 miles

from Hartelingeji to Bosport, both on the Sure, and 50

miles from Rumelange in the south to Weiler in the

north. The surface contains 639,000 acres (998 square

miles), of which 293,554 acres are arable, 61,033 meadow-

land, 143,812 woodfeid 54,135 coppice, and 540 vine-

yards. The hills in tho south of the duchy are a con-

tinuation of the Lorraine plateau ; and the northern

districts are crossed in all directions by outrunners from

the Ardettxes. With the exception of the Chiers, which

flows into the Meuse near Sedan after a course of 50

miles, the streams all drain into the Moselle, which forms

the boundary between Luxemburg and the Khine province

for about 20 miles. The Sure or Sauer, the most important

stream in the duchy, rises at Vaux-les-Rosieres in -Belgian

Luxemburg, crosses the duchy, and forms the eustern

boundary from the confluence of the Our till it joins the

Moselle after a course of 50 miles, during which it receives

the Wiltz, the Woltz, the Alzet, <fec. At Mondorf there

are mineral wells and a bathing establishment. The soil

of Luxemburg is generally good ; the southern districts are

on the whole the most fertile as well as the most populous.

Building materials of all sorts are obtained throughout the

duchy, and in the south there is iron-ore of fair quality

—

the mining area at present occupjring from 8000 to 10,000

acres. Galena is worked on the frontier between Ober-

vampach and Longville, and antimony at Gosdorf near

Wiltz. Since 1842 Luxemburg has been included in the

ZoUverein, and its principal dealings are, consequently,

with Germany. Besides the iron furnaces,—situated all

of thepi in the south near tho Lorraine plateau,—the

industrial establishments of tho country comprise a large

number of tanneries, a dozen weaving factories, an

important glove-making factory, a pottery, paper-mills

for all sorts of paper, br-weries and distilleries, and two

sugar refineries. A German patois mixed with French

words is spoken throughout the country ; but French,

which is universally employed by the commercial com-

munity, is also the common epeech of all classes on the

F'Knch and BelgiLU frontiere. Though perfect liberty

of worship prevails, Roman Catholicism is almost the

sole form of religion in the duchy, the only dissenters

worthy of note being the Protestant Prussian employ^ and
about three hundred Jewish families. The government
is in the hands of the grand-duke, who sanctions and
promulgates the laws. Between 1850 and 1879 the king

of the Netherlands was represented in his grand-ducal func-

tions by his brother Prince Henry ; but since the prince's

death he has resumed the personal direction of affaii-s.

The grand-duchy is a neutral and independent state, and
its crown hereditary rn tho Nassau family (Treaty of

London, March 11, 1867). A house of representatives

and a council of state, named by the grand-duke, compose

the administrative body. The representatives, to tha

number of forty-four, are chosen by the people in the pro-

portion of one for from 4000 to 5500 inhabitants. No
law can be passed without the consent of the house of

representatives. Bills are introduced by the grand-duke,

but the house has also the right of initiative. A single

battalion (150) of Luxemburg chasseurs composes the

grand-.ducal army,—all voluntary recruits. The gendar-

merie also consists of about 150 men. There are two

couits of first instance in the duchy,—one at Luxemburg,

the other at Diekirch,—and a high court and a court oi

appeal, both at Luxemburg. Criminals appear before the

court of assize at Luxemburg. By grand-ducal decree the

order of the Crown of Oak was instituted for the duchy,

December 29, 1841, and that of the Golden Lion, February

5, 1858. The communal councils are under the supervision

of the district commissioners, who are subject in turn to

the minister of the interior. The administration of the

town of Luxemburg depends iaimediately on the Govern-

ment. Education is in a fiodrisiiing state : there are 64'2

primary schools attended by 31,000 pupils; Luxemburg
has a normal school and an athenaeum ; Diekirch and

Echternach have each a gymnasium. The bishopric of

Luxemburg, containing ISdiaeonates, subdivided into 253

parishes, holds its authority directly from the Holy See.

From 6,000,000 to 7,000,000 francs is the annual

amount of the state budget, and the public debt was

12,000,000 francs in 1863. Since 1854 there has been a

grand-ducal bronze coinage.

The following table shows the administrative divisions and the

population (total, 205,158) according to the census of 1875.

Dlstl-icts.
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camo to tlie house of Anstria, and, after fbrming part of the arch-

dachy governed by Albert and Isabella, 1598-1632, followed the

fate of the. Spanish Netherlands till it was ceded by the treaty of

Utrecht to tne house of Hapsbnrg.. It was deprived of Thionville,

Montmedy, Damvilliers, Ivoix, and Jlarville by the treaty of the

Pyrenees (1659) in favour of France ; and Louis XIV. occupied the

town and great part of the province from 1684 till the treaty of

Ryswick (1697). Seized by the French in 1793, it went it the

main to form the department of Forets. » On the 16th March 1815

William I. declared himself king of thu Ketherlands and duke of

Lnxembarg, and his claims were sanctioned by the tieaty of

Vienna, Luxemburg being considered compensation for the loss

of the small principalities of Hadaniar, Sie^en, Dietz, and Nassau-

Dillemburg, the surrender of which to Prussia had deprived William

of his place in the Gcrmanio confederation. The fortress was

Assigned to the confederation itself, and was garrisoned by six

thousand men, of whom one-fourth belonged to the grand-duke and

three-fourths to the confederation. From the recognition of

Belgian independence in 1830 to the treaty of London in 1839,

matters were still more complicated ; there were two governments in

Luxemburg—one at Luxemburg, acting for the grand-duke, and the

other at Atlon, acting for Belgium. By the treaty of London about

1218 square miles of the duchy with 149,571 inhabitants were trans-

ferred to Belgium, the German confederation and King 'William

being compensated with parts of Limburg. On the dissolution of

the confederation the duchy became free from its connexion -with

pcrmany, but the fortress remained in the hands of Prussia. A
diplomatic contest for possession of the duchy took place between

BVance and Prussia ; and the matter became the object of a special

eonference of the plenipotentiaries of the great powers, Holland,

Belgium, and Italy, in 1867. The result was that the neutrality of

liosemburg was guaranteed and the military importance of the tovni

destroyed. The actual demolition of the fortifications evacuated

by the Prussians in September .1867 did not take place till 1872.

See Bertholet, Hlsl. du duch4 de Lvxcmlourg. Lnxembure, 1741-43 ; Vander-

siaelen, DM. giogr. du Lurembourg, Brussels, 1838 ; Sclioltcr, Ki it. Eiortfiuugea

Obtr die /nlh. Guch. der Ora/sc/ia/l Luxemburg, Luemburg, 1869 ; Grbvie,

Luxemburg, Land uiid Tolk, Lusemboi-g, 1867.

LiTXEiiBiTEG, the capital of the grand-duchy, lies 34 miles

north of Metz aud 2.5 south-west of Treves, in a position

as remarkable for natural beauty as for military strength.

The main part of the town is built on a rocky table-land

terminating precipitously towards the north-east and south

;

Plan of Luxemburg.

the modem portions, known as Pfaffenthal, Clausen, and
Grand, lie 200 feet below, in the valley of the Alzette.

Till their demolition in terms of the treaty of 1867 the

fortifications, on which the engineers of three centuries

had expended their skill, were the great feature of the

place; in point of strength they ranked, according to

Camot, second only to those of Gibraltar, and like them
they were to a great extent hewn out of the solid rook.

The site is now occupied partly by a fine public park,

partly by new districts of handisome houses, which give

the city more of the outward appearance of a capital

Among the buildings of historical interest are the cathedral

of Notre Dame, erected by the Jesuits in 1613 ; the church
of St Slichel, dating from 1320 ; the Government-house,
built in 1443, and still regularly occupied by the legislative

assemblies; the town-house, built in 1830; the law courts,

dating from 1565, but serving till 1795 as the residence

of the governor of Luxemburg ; and the athenaeum, built

in 1594, and now (1882) attended by 500 to 600 pupils.

The population of the city and suburbs, which was 15,930
in 1875, is now estimated at 19,000.

Luxemburg (formerly called Liitzelburg) appears in 738 as a
castle presented to the abbey at Treves by Charles Martel. The
town grew up in the course of the 10th centurj-, and soon began to

surround itself with walls; but it was not till 1503 that a regular
system of fortifications was commenced, and the principal features

of the modern fortress were due to Vauban, who accompanied Crequi
in his capture of the place in 1664. Kxtensive additions were
made to the works in 1723-34.

See Coster, Gcsch. der Fishing Zuxemburg, Luxemburg, 1869.

LTJXEMBUKG, a province of the kingdom of Belgium,

lying at the south-eastern extremity of the country, and
bounded N. and W. by the provinces of Liege and Namur,
S. by France, and E. by Prussia and by the grand-duchy of

Luxemburg, from which it was separated in 1839. It is

the largest and most thinly populated of the Belgian pro-

vinces,—75 miles in length, 30 in breadth ; the population

is 204,000. The ground is high, averaging 1200 feet

above sea-level, and rising in parts over 2000. The soil is

dry and slaty, with occasional sand and limestone. The
aspect of the country is a succession of broad tracts of

table-land or plateaus covered with wood or heather, and
intersected by wide and deep valleys; these contain streams,

halt-dry during the summer, but quickly changed to sweep-

ing torrents by rain or melting snow. Peat is found on

the hills, and oocasional morasses, known by the name of

" hautes fanges," are to be met with on the tops of the

highest mountains. The whole district is comprised within

the region of Ardennes. The agricultural produce is poor

;

the various breeds of horses, cattle, sheep, &a, are remark-

ably small, though they all possess individual qualities

of endurance or their flesh of flavour; the hams are re-

nowned. The forests abound in game of all kinds ; red

deer are plentiful, and wild boars have of late become

so abundant as to be a serious nuisance. The mineral

productions are worthy of note. Iron is found in the

valley of the Ourthe, and also farther south near Arlon

;

lead is extracted at Longwilly, manganese at Biham, zinc

at Longwilly and Bleid. Building stone is to be had

throughout the province, and is generally employed, brick

houses being the exception. There are quarries of grey

and rose-coloured marble at Wellin, and extensive slate

quarries on the banks of the Semois, the Sure, and the

Salnu The trade in wood and bark is considerable, and

there are some important tanneries, as well as iron-works,

paper-mills, and limekilns. The principal rivers are the

Semois, the Lesse, and the Ourthe, afiBuents of the Meuse,

and the Sure, which flows into the Rhine ; of these the

Ourthe alone is navigable for a few miles down from

Barvaux. There are no canals in the province, so that

Luxemburg is entirely dependent on railwaj's for its traffie.

The Brussels and Basel line runs through the whole pro-

vince, with a station at Arlon, the capital ; and branch lines

have been established to connect the principal markets,

Marche, Durbuy, Bastogne, Virton, &c., with the main

artery. The language spoken by the inhabitants is French,

with an admixture of Walloon dialect and an inferior kind

of German on the borders of the grand-duehy. The king

of the Belgians and his brother the count of Flanders

possess summer residences, with extensive forest lands, in

the province of Luxemburg.
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LUXOR, more properly EI Aksur, " TLe Castles " (phi):

patic. of kasr), a village on the Nile, 4;'50 miles above Cairo,

occupies' part of the site of the ancient Thebes, antl has its

name from the ruins described in vol. vii. p. 777. The
village is also called Abu'l HajjAj from the patron saint

whose tomb is mentioned by Ibn Batuta, i. 107, ii. 253.

See also YAlcut, i. 333. Luxor is the centre for visitors

to the ruins of and about Thebes, and i^ increasingly

frequented by travellers and invalids in the winter

season, being the only place above OsyQt (Sayflt) provided

with hotel accommodation suitable for Europeans. The
district is the seat of an extensive manufacture of forged

antiques, often very .skilfully madet

LUZON, or LuyoN. See Philippine Isl^vnds.

LYCANTHROPY is a term used comprehensively to

indicate a belief, firmly rooted among all savages, and

liugcring in the form of traditional superstition among
peoples comparatively civilized, that men are in certain

circumstances transformed temporarily or pern\auently

into wolves and oth'er inferior animals. In the European

history of this singular belief, wolf transformations appear

as by far the most prominent and most frequently recurring

instances of alleged metamorphosis, and consequently in

most European languages the terms expressive of the

general doctrine have a special reference to the wolf.

Examples of this are found in the Greek XvKavOpwTroi,

Russian volkodldk, English were-wolf, German lucihrwolf,

French loup-garou. And yet general terms {e.g., Latin,

versipellis ; Russian, oboroteji; Scandinavian, knmrammr;
English, iurnsHn, turncoat) are sufficiently numerous to

furnish some evidence that the class of animals into which

metamorphosis was possible was not viewed as a restricted

one. It is simply because the old English general terms

have been long diverted from their original signification

that the word " lycanthropy " has recently been adopted in

our language in the enlarged sense in which it has been

defined above.

There are two unfailing characteristics of lycanthropous

belief :—(1) there can nowhere be a living belief in con-

temporary metamorphosis into any animal which has ceased

to exist in the particular locality
; (2) belief in metamor-

phosis into the animal most prominent in any locality itself

acquires a special prominence. These characteristics

apart, the phenomena of lycanthropy exhibit a verjr con-

siderable diversity in their nature.

Throughout the greater part of Europe the were-wolf is preferred

on the principles just noted. There are old traditions of his

existence in England, in Wales, and in Ireland. In southern

France, the Netherlands, Germany, Lithuania,.'BuIgaria, Servia,

Bohemia, Poland, and Russia he can hardly be pronounced extinct

no A". In Denmark, Sweden, Norway, and Iceland the bear com-

petes with tlie wolf for pre-eminence. In Persia the bear is

supreme, in Japan the fox ; in India the serpent vies with the tiger,

in Abyssinia and Bornou the hyjenawith the lion, in eastern Africa

the lion with the alligator ; iu western Africa the leopard is per-

h.ips most frequently the form assumed by man, among the

Abijiones the tiger, among tho Arawaks the jaguar, and so on.

In none of these cases, however, is tho power of transformation

limited exclusively to the prominent and dominant animal.

The most familiar phase of the superstition is also the

latest and most sophisticated. It was lib belief in mere

transformation ; the transformation here was accomplished

by Satanic agency voluntarily submitted to, and that for

the most loathsome ends, in particular for the gratification

of a craving for human flesh. "The were-wolves," .writes

Richard Verstegan {RestitiUioii of Decayed Inielliyence,

1628), "are certayne sorcerers, who having annoynted

their bodies with an oyntment which they make by the

instinct of the dovill, and putting on a certayne inchaunted

girdle, doe not oncly unto the view of others seeme as

wolves, but to their owne thinking have both tho shape

und nature of wolves, so long as they weaj-o tho said girdle.

And tuey do dispose themselves as very wolves, in wourry-
ing and killing, and most of humane creatures." Such
were the views about lycanthropy current throughout the

continent of Europe when Verstegan wrote. France in

particular seems to have been infested with were-wolves

during the 16th century, and the consequent trials were
very numerous. In some of the cases,

—

e.g., those of

the Gandillon family in the Jura, the tailor of Chalons,

and Roulet in Angers, all occurring in the year 1.598,

—there was clear evidence against the accu.sed of murdei
and cannibalism, but none of association with wolves; in

other cases, as that of Gilles Garnier in Dole in 1573, there

was clear evidence against some wolf, but none against the

accused ; in all the cases, with hardly an exception, there

was that extraordinary readiness in the accosted to confess

and even to give circumstantial details of the metamor-

phosis, which is one of the most inexplicable concomitants

of medieval witchcraft. Yet, while this lycanthropy fever,

both of suspectors and of suspected, was at its height, it

was decided in the case of Jean Grenier at Bordeaux, in

16Cy3, that lycanthropy was nothing more than an insane

delusion. From this time the loiip-garoa gradually ceased

to be regarded as a dangerous heretic,. and fell back into

his pre-Christianic position of being, simply a " man-wolf-

fiend," as which he still survives among the French

peasantry. In Prussia, Livonia, and Lithuania, according

to the bishops Olaus Magnus and Majolus, the were-wolves

were in the 16th century far more destructive than "true

and natural wolves," and their heterodoxy appears from

the assertion that they formed "an accursed college" of

those " desirous of innovations contrary to the divine law."

In England, however, where at the beginning of the 17th

century tho punishment of witchcraft was still zealously

prosecuted by James I., the wolf had been so long

extinct that that pioua monarch was himself able ( DeTno-

nologie, lib. iii.) to regard "warwoolfes" as victims oi

delusion induced by "a uaturall superabundance o\

melancholie." Only small creatures, such as the cat, the

hare, and the weasel, remained for the malignant sorcerer

to transform himseK into ; but he was firmly believed to

avail himself of these agencies. Belief in witch-animala

still survives among the uneducated classes in parts of the

United Kingdom.
The werewolves of the Christian dispensation were not,

however, all heretics, all viciously disposed towards

mankind. "According to Baronius, in the year 617, a

number of wolves presented themselves at a moaastery,

and tore in pieces several friars who entertained heretical

opinions. The wolves sent by God tore the sacrilegious

thieves of the army of Francesco Maria, duke of Urbino,

•who had come to sack the treasure of the holy house ol

Loreto. A wolf guarded and defended from the wild

beasts the head of St Edmund the martyr, king of England.

St Oddo, abbot of Cluny, as.sailed ia a pilgrimage by foxes,

was delivered and escorted by a wolf."' Many of the

were-wolves were most innocent and God-fearing persons,

who suffered through the witchcraft of others, or simply

from an unhappy fate, and who as wolves behaved in a

truly touching fashion, fawning upon and protecting theii

benefactors. Of this sort were the " Bisclaveret " in Marie

de France's poem (c. 1200), the hero of " William and the

Werewolf" (translated from French, into English about

1350), and the numerous princes and princesses, knights

and ladies, who appear temporarily in beast form in

the Mahrclien of the Aryan nations generally. Nay the

power of transforming others into wild beasts was attribut«d

not only to malignant sorcerers, but also to Christian sainte.

"Omnes angeli, boni et mall, ex virtute naturali habent

» A. iV Ouhematis, Zoological MylKology, 1872, vol. " p. 146.

h^
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potestatem traDsmutandi corpora nostra," was the dictum

of St Thomas Aquinas. A Russian story tells how the

apostles Peter and Paul turned an impious husband and

wife into bears ; St Patrick transformed Vereticus, king of

Wales, into a wolf ; and St Natalis cursed an illustrious

Irish family, with the result that each member of it was

doomed to be a wolf for seven years. In other tales the

divine agency is still more direct, while in Kussia, again,

men are supposed to become were-wolves through incurring

the wrath of the devil

There is thus an orthodox as well as a heterodox were-

wolf ; and, if a survey be taken of the lycanthropous beliefs

of non-Christian peoples, this distinction among shape-

changers will be equally obvious. The gods of ancient

mythology, Hindu, Persian, Greek, and Teutonic, had an

apparently unlimited power of assuming animal forms.

These gods, moreover, constantly employed themselves in

changing men and women into beasts, sometimes in

punishment of crime, sometimes out of compassion, and

sometimes from pure voluptuousness. Thus Kabandha
was changed by Indra into a monster, Trisanku by the

sons of Vasishtha into a bear, Lycaon by Zeus into a wolf,

Callisto into a bear, lo into a heifer ; the enemies of Odin
became boars, and so on. It is admittedly difficult to

trace the original meaning of these legends, but the alleged

metamorphosis of a god is at times clearly associated with

his worship under the form of the animal he turned into

in the region where the metamorphosis was said to have

occurred. Indra in the form of a bull encountered the

monster Vritra, and released the cows He had stolen

;

Indra was invoked as a bull, and to him the bull and the

cow were sacred among the Hindus. Derketo became a

fish near Ascalon ; a fish-goddess identified with her was

worshipped in Syria, and the fish sacred to her were not

eaten. Poseidon, the inventor of horses, was, as a horse,

the father of the steeds Arion and Pegasus, and the horse

was sacred to him. Jupiter Ammon appeared as a ram in

the deserts of Libya ; in Libya he had an oracle where

the ram was sacred to him, and his image wore ram's

horns. So too metamorphosis by gods is in some cases

connected with local traditions. The Arcadians, or bear-

tribe, sprang from the were-bear Callisto ; the Lycians, or

wolf-tribe, were wolves when they conducted to the river

Xanthus the were-wplf Leto, mother of the Lycian ApMlo.

Turning from the gods to the heroes of classical romance,

we find traditions more interesting and more instructive,

• because they must have some real historical foundation.

Yet they also aboi^nd in episodes of beast mothers and
beast fathers, and also of lycanthropy proper. Cyrus

was suckled by a bitch, the Servian hero Milosh Kobilitch

by a mare, the Norse Sigurd by a hind, the German
Dieterich and the Latin Romulus by wolves ; the pro-

genitor of the Merovingian kings was a bull, of the Danii^

royal race a bear ; Sigmund and Sinfiotli in the Volmnga
Saga become wolves, Nagli in the Eyrhyggia Saga a boar.

The Berserkir of Iceland asserted their ability to become
bears and wolves, and dressed themselves in the skins of

these animals ; their existence, their garb, and their

pretensions are historical facts. In the Sanskrit epic, the

Mahabharata, the hero Fuloman becomes a wild boar to

carry off the wife of Bhrigu ; the house of Brabant traced

its origin to a transformed swau. Beaet-form is, however,

in mythology proper far oftener assumed for malignant

than for benignant ends ; indeed the heroes and anthropo-

morphic gods of the great religious systems are principally

distinguished for their victories over the semi-human semi-

bestial demons. The bull Indra fights the demon serpent

Vritra, and so forth ; the Theban Cadmus, the Russian

Ivan, the Norse Sigurd, all encounter dragons or serpents,

^hich possess human characteristics. In most of such

cases indeed the human as well as tne beast form is

distinctly attributed to the demon.
It is because they may after all be properly associated

with the undoubted phenomena of modern savage life that

these facts of ancient mythology are here alluded to.

Among savages there is the most confident belief in

metamorphosis,—metamorphosis effected for the most
salutary and for the most baneful ends. In the neighbour-
hood of Tette on the Zambesi every chief is credited with
the power of assuming lion shape ; every lion is respected

as being a transformed chief or the spirit of a chief

departed. Moreover, there is a special class of " doctors
"

or medicine-men, known as " pondoros," scattered through

the villages, who pretend to powers of metamorphosis, and
thus are regarded with both respect and dread ; their kindly

disposition they display by hunting for the community in

lion shape, and then bringing home the game. Among
the Arawaks of Guiana, the Kandhs of Orissa, and the

Jakuns of the Malay peninsula, beast form is said to be

assumed by those desiring to avenge themselves justly on

enemies. Beast-parents and cases of women alleged to

have borne beast children are also familiar to savages.

But this is only one side of the picture. The " kanaima-

tiger" (i.e., man-jaguar) of Arawak maj' be possessed by
the spirit of a man devoted to bloodshed and cannibalism

;

" there is," writes the Rev. Mr Brett, " no superstition

more prevalent among the Indians than this, and none
which causes more terror." In Ashango-land, where there

are distinct traces of animal worship, a were-leopard was
at the time of Du Chaillu's visit charged with murder
and metamorphosis, and, confessing both, was slowly burnt

to death, quite in the style of mediaeval Europe. Similar

occurrences have been known among the Kols (of Chutii-

Ndgpiir) and among the Arabs.

The expedients supposed to be adopted for effecting change of

shape may here be noticed. One of the simplest apparently was the

removal of clothing, and in particular of a girdle of human skin, or

the putting on of such a rirdle,—more commonly the putting on of

a girdle of the skin of the auimal whose form was to be assumed.

This last device is doubtless a substitute for the assumption of an
entire animal skin, which also is frequently found. In other cases

the body is rubbed with a magic salve. 1^ drink water out of the

footprint of the animal in question, to partake of its brains, to

drink of certain enchanted streams, were also considered effectual

modes of accomplishing metamorphosis. Olaus Magnus says that

the Lironian were-wolves were initiated by draining a cup of beer

specially prepared, and repeating a set formula. Mr Ralston in his

Songs of the Sussian People gives the form of incantation still

familiar in Kussia. Various expedients also existed for removing
the beast-shape. The simplest was the act of the enchanter (operat-

ing either on himself or on a victim) ; another was the removal

of the animal girdle. To kneel in one spot for a hundred years, to

be reproached with being a were-wolf, to be saluted with the sign

of the cross, or addressed thrice by baptismal name, to be struck

three blows on the forehead with a knife, or to have at least three

drops of blood drawn were also effectual cures. The last-mentioned

was quite essential to the subsistence of the . superstition. Its

absurdity would have much sooner appeared, but for the theory

that, directly the were-wolf was wounded, he resumed his human
shape ; in every case where one accused of being a were-wolf was
taken, he was certain to be wounded, and thus the difficulty of his

not being found in beast form was satisfactorily disposed of.

The foregoing types of lycanthropy, in which the

divine or diabolical agency is always emphasized, are

presumably less primitive than those cases in which super,

human agency is not so prominent. The following cases,

therefore, seem to be more intimately connected with the

origin of the belief. (1) The Kandhs believe "natural

tigers to kill game only to benefit men, who generally find

it but partially devoured and share it ; while the tigers

which kill men are either Tari (a goddess), who has

assumed the form of a tiger for purposes of wrath, or men
who, by the aid of a god, have assumed the form of tigers,

and are called ' mleepa tigers.' " A distinction was

previously drawn between friendly and hostile lycanthro-
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pisfa ; here a distinction is drawn between friendly and

hostile tigers, and lycanthropy is introduced to explain

the cases of hostility. Again (2) in the native literature

of modern savages there corfttantly occur stories of the

"Beauty and the Beast" type, so distinctly resembling

those of the Arj'an Mahrchen as to indicate identity of

origin ; but, while in the Aryan story the beast-form of

the hero or heroine is generally at last removed, in the

savage story the incongruity of the beast-form is scarcely

realized, and the Indian lover lives happily with his beaver

bride, the Zulu maiden with her frog husband. And (3)

in many instances the power or necessity of transformation

is ascribed, not to individuals, but to clans or nations.

Thus the aboriginal Naga tribes of India seemed to the

Aryans to take the form of serpents ; the Neuri seemed to

the Scythians, and the. Hirpini to the Romans, to become

wolves, as also did the native Irish of Ossory to the early

Christian priests ; the Abyssinians credit the Buda caste

(blacksmiths and potters of alien stock) with ability to

become hyajnas at pleasure; the Berserk r-rage of Iceland is

perpetuated iu the modern Scandinavian belief that Lapps

and Finns can take the form of bears. In mediieval times

Blois had a special celebrity for were-wolves, and persons

named Garnier or Greuier were generally assumed to be

lycanthropists.

When we find that these three distinct classes • of

primitive facts regarding lycanthropy are all referable to

a common origin, there seema good reason for regarding

that as being in truth the origin of lycanthropous belief.

And thus wo are led to refer lycanthropy to the more

general facts of primitive Totemism {q.v.), for the facts

recited are as undoubtedly characteristic of the latter as

of the former. Where the totem is an animal, it is

regarded as the ancestor of the tribe ; all animals of its

KnervfiH fliB revered, and are never willingly killed ; however

ttangerous to life, they are feigned by the tribe to be

friendly to them, and hostile only to their enemies. Apply-

ingthese facts to the fbregoing lycanthropous phenomena

iu order, wo observe (1) that the tiger is a totem god

among tiie Kandhs; consequently ho reserves his wrath

for their enemies.* Individual enemies would, however,

be created whenever an individual Kandh had the blood-

feud against another, for then his totem was bound to aid

him. Such we saw was in fact the Kandh explanation

of the wrath of the totem. The development of sorcery

would naturally lead to the utilization of th-- totem as

assistant in it also. The Arawak "kanaima" is both

lawful avenger and cruel sorcerer ; and from a similar

reason probably did the wolf or were-wolf in Europe

become a synonym for outlaw. The outlaw was at first

eimply the peaceless man—the man who preferred vendetta

to money composition for injuries,—as he was originally

bound to do, subsequently entitled to do, and finally

jiro/dbited from doing. (2) The beaft-hero of savage

p/ory ceases to be strange when we learn that "a beaver,"

" a dog," " a grizzly bear, " mean respectively a person of

tribe having the animal in question for totem. And so

too (3) with the third class of phenomena which contcm-

plites tribes turned into beast.s. The Nagas had the

aarpent for totem ; apparently the Hirpini, and the native

Ivtsh in many districts, had the wolf; they certainly

venerated and worshipped that animal. Tbe Lapps are

hnowu to worship the bear. Blois means the "city of

(Volvos." Doubtless all cases of this sort admit of similar

explanation.

Tho doctrine of lycantliropy or motamorphosis of living men
iiust l)» distinj^uishej from the iloutiine of mcteiinisycliosis or tranS'

ir;.'gration of souls. It no tioubt was usual to concUulo tliat tlio

' Tlio Witmi of E.ist Africa distinctly describe all wild lJcast^' save

.'iuir own toteni-aiiimaU as Rnomy-sccnta.

souls of cataleptic and epileptic patients sojourned temporarily in
animals, while tho patients were unconscious ; butf this phase of

lycanthropy is too rare and too abnormal to be associated with the
origin of the superstition. Transmigrsttion after death, involving
the belief in a future state, raises (juestions as puzzling as does
lycanthropy itself, and (juestions quite of a different kind, because
in normal lycanthropy the change effected is an actual corporeal

one. Mr Tylor therefore throws little light on the origin of lycan-

thropy when he connects it with metempsychosis. In the form
familiar to us it doubtless involves the doctrine of " animism "—tho

doctrine that animals, plants, and things are prompted to action by
spirits similar to those possessed by men j but, whether lycanthropy
is simply a special application of a general doctrine of animism, auj
is not rather one of the earliest advances from a blind totemism to a
general animistic theory, may fairly be questioned. This at least

seems plain: animism, apart from totemism, is not itself sufficient

to explain lycanthropy, for even animistic beliefs are not developeil

abnormally, but along lines predetermined by circumstanc*. Mr
Tylor's views are, however, so cautiously and so suggestively

expressed as to deserve close study. Hardly so satisfactory are

the other theories on tho subject, which, passing over varia-

tions in detail, fall into two classes—the mythological and tho

rationalistic. .
On the former view, now upheld by a large school of

inquirers, the ancient Aryan myths, and their modem represen-

tatives the Mahrclten, are regarded as imaginative descriptions

(principally due to the use of metaphorical language) of the great

elementfd powers and changes of nature. Oa such a view tho

occurrence of shape-changing gods and heroes is simple and natr.i-al,

so long as the persons are purely mythical, because thus far nothing

need be deemed strange or unnaturtil. But the theorj- breaks down
when it ventures on elucidation of historical facts. It seems vaiu to

contend,—although it is contended,—that " the terrible delusion of

lycanthropy arose from the mere use of an equivocal wed " (X^kos,

"wolf," for \evK6s, "shining"). Attempt to substantiate in detail

this explanation of history is absolutely fatal. "Whence," it is

asked, " came the notions that men were changed into wolves, bears,

and birds, and not into lions, fishes, or reptiles ?
'

' and the triumphant

reply is that the first-named animals were selected for glossiness

or luminosity of coat.^ Consequently, if transformation into tho

other animals was also believed in, the theory stands self-refuted.

Now Hippomenes and Atalanta were for impiety turned into lion

and. lioness, Cadmus and Harmonia into serpents ; and these case^

of 'transformation have almost as intimate an association with the

historical belief in men-lions and men-serpents as the case of

. Lycaon (mytholpgically=tho shiner, the sun) has with lycanthropy.

Cognate to the mythological doctrine is the deotrine of the per-

sonification as demons of all obstacles which men have encountei«d

in the long struggle for existence,—among these the wilder and more

savage animals. This is just a one-sided animism; it is inadequate

to explain how the savage beasts so often became mild and gentle

men. The rationalistic theories are open to the same objections : to

account for divine and benignant Ivcanthropists they have to be

supplemented by the mythological theories ; they themselves de.al

exclusively with the more Tepulsive characteristics. Tho most

recent exponent of the rationalistic theory is Mr Baring Gould, wiio

rests his case on a proof of the facts that there is "an innate eravin;;

for blood implanted in certain natures, restrained under ordinary

circumstances, but breaking forth occasionally, accompamed u-ilk

halliocmation, leading in most cases to'cannibalism." That can-

nibalism and craving for blood had a natural (though not a neces-

sary) connexion ^vith lycanthropy, if it originated among savages,

need not he disputed ; but Mr Baring Gould's instances, drawn

from medieval European history, are undoubtedly exceptional.

Hallucination, however, has been accepted as sufficient explana-

tion of lycanthropy by many eminent authorities, besides Mr

Gould, dnd raises a graver question. Belief in transformatiou into

beasts has been acknowlcclged as a distinct type of monomaiiia

by medical men since the days of Paulus j:gineta (7th century)

at least ; but even in madness there is method, anjl insane

delusions must reflect tho usages and beliefs of contemporancoua

society. Here the weakness of the case appcai-s. Mr Gould, lor

instance, merely states that tho victims were rustics, ami wolves

the chief terror of their homesteads, an explanation valid only on

the assumption that tho idea of metamorphosis was already familiar,

—an assumption, that is, of the whole matter at issue. Besides, it

is the popubr, not tho individual, belief in transfonnation that is

strange ; to trace its origin to insauo delusion makes it stranger

stiU.Tor saue men are particulaily sceptical regarding the roahtv ol

the impressions of the insane. Sane men, moreover, t>olicved in

transformatiou, not only into malignant wolves, but also into liarm-

less cats and hares, wliidi in consequence became malignant and

dangerous. How can th6 rationalistic theory account for a i.licno-

menon like this? On the whole, there seems little doubt 11:^1,

whether tho origin of lycanthropy rests in totemism or not, iMi

3 Sir W. Cox, The .Vi/tlwlogy of thf Aryan Nations, Loudon,

1670, vol. i. pp. 63 note, 231, 363. 459 ; vol. ii. p. 78 note.
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Tylof is rif;lit "ill referring lycautliropous insane delusions to an

antecedent belief in lycanthropy,. instead of ascribing lycanthropy

to insane delusions,

Liternlure.—In tlio iiumui-ous mcilixval works dtl-cccca to tho study (if

Borifiy anil wUt-hcnift. tliu coiitcmitoruiictms plmscs of iycanlliropy occupy a pio-

ininont iil.ico. Ill lulilitioii to the authoi-s who h.lve been ulready nicntirincij. Iho

foUowiiii; may be nanicd as Kivinf: spccidl attention to this sulijcct ;—Wier, Ot
I'fx^tigiis Dxntonuin, Aitisterdutii, I5(J-(; IJodiii, Itiinounmaiiin dcs tSorcifrs,

Paris. losO; IJoRuet, Discourf des Soniers^ Lyons, 2(1 cd. ItioS; Lancre, Tableau

<U I'liKonitanci de ifaacuis Angis. I'aris, 1013 ; Tsellus, De Ol'<rationt D:xmi-num,

Paris, 1615 ; see also Cilanvil, Sadducismus Triiini/i/iatus, for the Englifili equi-

valents of lycantliroi>y. Treatises solely confined to lycanthropy arc rare both

in medieval and in modem limes ; but a few arc well known, as, for instance,

those of Itoul(iael^»t and Xynuuld. Pe la 'LycanthfOpie. Paris, 1615 ; Ha|-tz, De
Weneolf, Stuttgart, 1862; Uarin^ Gould, The Book of Were-tcotves, London, 1865.

Incidentally, however, lycanthropy has engaged the attention of a large number
of writers, most of whom theorir.e regarding its origin. An exhaustive enumeia-
tion of these cannot be here attempted ; but the following works will be found
particularly instructive:—Grimm, Deutsche Mt/lhohi/ie, vols. ii. and iii., 4th ed.,

Beilin. 1878; Welcker. ^/frts Schri/Un, vol. iil., Bonn, 1850; Wailz, Anthropo-
logic, vol. il.. Lcipsic, 1860; Dasent. Popular Tales from the iVone (Introduction),

Edinburgh, 18.^(1; Afunnsicf. Poelicheskiya Vot:ryeniya Ularyan na Prij'odu, vol.

tii., Moscow, 1860;Tyloi', Primitive C'ullure,vo\, i., London, 1671. and ^n(/irc>;50/0(/w,

chap. xiv. and xv., London, 1881 ; Gubcrnatis, Zoological Mythology (especially

chaps, xi. and xii.), London, 1872; Ralston, Sojigs of the Russian People, London,
1872 ; Laisnel de la Salle. Croyances et Legcndes da Centre de la Prance, Paris,

1875 ; CoHway, Deuionotogy and Devil Lore, vol. i., London, 1K79. For the medical

aspects of lyca[(tliropy, consult tho Asylum Journal of Mental Science, vol iii.

p. 100 (Dr D. II. Tuke), and authorities there cited. (J. F. M'L.)

LYCAON, son of "Pelasgus or of Aizeus, was the

mythical first king of Arcadia, who founded the first city

Lycosoura and the worship of Zeus on Mount Lycasus.

He, or his fifty impious sons, entertained Zeus and set

before him a dish of human flesh ; the god pushed away
the dish in disgust and overturned the table at a place

called Trapezus. In punishment either lightning slew the

king and his sons, or they were turned into wolves.

Pausanias (viii. 2) says that Lycaon sacrificed a child to

Zeus, and was during the sacrifice turned into a wolf.

Henceforth the story ran—a man was turned into a wolf at

each annual sacrifice to Zeus Lycseus, recovering his human
form after ten years if he liad not during that time eaten

human flesh. Iiycaon is evidently tlie Lycoean form of

a very common conception, viz., the divine first man,
whose life is the heavenly fire, who comes to earth

and returns to heaven as the lightning. The oldest city,

the oldest cultus, and the first civilization of Arcadia are

attributed to him. The mysterious cultus and the human
Bacrifices, which continued apparently through the historical

period (Paus., viii. 38), of Zeus Lycseus have moulded the

legends of the Lycajan first man and first king. Moreover
his name, which is connected with that of the mountain,

suggested a derivation from Xu'xos, wolf ; and legends

analogous to those of the Teutonic were-wolf (see Lyc.vn-

tiiropy) naturally grew round him.

,
LYCAONIA, in ancient geography, was the name given

to a province in the interior of Asia Minor, north of Mount
Taurus. It was bounded on the E. by Cappadocia, on tho

N. by Galatia, on the W. by Phrygia and Pisidia, while

to the S. it extended to the chain of Mount Taurus, from
which it was, however, in part separated by Isauria, though
some writers included that district in Lycaonia. Its

boundaries api:«ar indeed to have varied at difl'erent times,

as was the case with all the nations of Asia Minor. The
name is nut found in Herodotus, but Lycaonia is men-
tioned by Xenophon as traversed by Cyrus the younger
on his march through Asia. That author, however, de-

scribes Iconium, one of the principal cities of Lycaonia, as

included in Phrygia. But in Strabo's time the limits of

the province were more clearly recognized, though Isauria

*a3 by some authors considered as a part of Lycaonia, by
others as a distinct province. Ptolemy, on the other hand,
includes Lycaonia as a part of Cappadocia, with which it

may have been associated by the Romans for administrative
purposes ; but the two countries are clearly distinguished
both by Strabo and Xenophon.

Lycaonia is well described by Strabo as a cold region of

elevated plains, affording pasture to wild asses and to sheep.
It in fact forms a i>art of the great table-laud which con-

stitutes the whole intirior of Asia Minor, and has through-

out its whole estent an elevation of more than 3000 feel

above the seu. It sulfers, moreover, severely from the

want of water, aggravated by the abundance of salt in the

soil, so that the whole noi^hern portion of the province,

extending from near Iconium to the salt lake of Tatta, at i

the frontiers of Galatia, was almost wholly barren. Othac

portions of the couutry, however, notwithstanding the

deficiency of water, were well adapted for feeding sheep,

so that Amyntas, king of Galatia, to whom ths district

was for a time subject, maintained there not less than thiw
hundred flocks, which brought him in a large revenue.

Though the greater part of Lycaonia is a troad open

plain, extending as far as the un(ierfalls of the Taurus, its

monotonous character is interrupted by some minor ranges,

or rather groups of mountains, of volcanic character, oi

which the Kara Dagli in the southern portion of the district,

a few miles north of Karaman, rises to a height of abovf

8000 feet, while the Karadji Dagh, to the north-east .^1

the preceding, though of very inferior elevation, presents s

striking range of volcanic cones. The mountains in the

north-west of the province, near Iconium and Laodicea, ou

the other hand, are the termination of the great range ol

the Sultan Uagh, which traverses a large part of Phrygia.

The Lycaoniaus appear to have been in early times to a

great extent independent of tho Persian empire, and were

like their neiglibours the Isaurians a wild and lawless race

of freebooters ; but their country was traversed by one ol

the great natural lines of high road through Asia Minor,

fro;n Sardis and Ephesus to the Cilician gates, and a few

considerable towns would naturally grow up along this line

of route. The most important of these was Iconium, in

the most fertile spot in the province, of which it has always

continued to be the capital It is still called Konieh. A
little farther north, immediately on the frontier of Phrygia,

stood Laodicea (Ladik), called Combusta, to distinguish il

from the Phry(^'Ln city of that name ; and in the south,

near the foot of Mount Taurus, was Laranda, now calleJ

Karaman, whi(:h has given name to the province o(

Karamania. Derbe and Lystra, which app-^ar from the

Acts of the Apostles to have been considerable towns, were

apparently situated in the same part of the dietrict, bnl

their sites have net been identified. The otl'e>: townf

mentioned by ancient writers were insignificant places.

The Lycaonians appear to hcve still retained a clistincf

nationality in the time of Strabo, but we ere wholly in tlie

dark as to their ethnical a.1inities, or relations to the trihes

by which they were s'lrroundsd. The mention ot tbt

Lycaonian language in the Acts of the Apostles (xiv. 11) is

evidently only intended to designate the vernacular tongue,

as opposed to Greek, and carnot be regarded as any proof

that they spoke a different languago from their neighbours

the Phrygians or Cappadocians.

LYCIA, in ancient geography, was the name given to a

district in the south-west of h^in Minor, occupying the

portion of the coast between Caria .ind Pamphylia, and

extending inland as far as the ridge of Mount Taurus. Th<

region thus designated is one strongly tiarked by nature

as constituting a kind of peninsula or promontory projecting

towards the south from the great mountain masses of th«

interior. It was also inhabited from a very early period

by a distinct people, known to the Greeks as Lycians, but

whose native name, according to Herodotus, was Termilae,

or (as it is written by Hecatajus) Tremilae, and this is con-

firmed by native iuscriptions, in which the name is written

Tramilre. Herodotus tells us also that they were not the

original inhabitants of the country, which was previously

occupied by the Milyans, and this is rendered probable by
the fact that a people of that name was still found in the

rugged mountainous district in the north-east, who appe<ti

to have aiwavs continued distinct from the Lycians, BW
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the statement of the same historian that they originally

oftme from Crete is in the highest degree improbable ; and
the attempts to connect them with the Greek legendary
history through Sarpedon and Lycus, a son of Pandion,

may be safely rejected as mere fictions.

The Lycians alone among the nations in the west of

Asia Minor preserved their independence against the kings

of Lydia ; but after the fall of the Lydian monarchy (in

540 B.C.) they were subdued by Harpagus, the general of

Cyrus, though not till after an obstinate resistance in which
Xanthus, their chief city, was utterly destroyed. But,

though they were from this time nominally subject to

Persia, they appear to have enjoyed a considerable amount
of independence, which they afterwards maintained by join-

ing the Athenian maritime league. They were conquered
aJmost without resistance by Alexander, and thus passed

under the Macedonian dominion, sometimes of th»

Ptolemies, sometimes of the Seleucidans. But through

all these vicissitudes, as well as after their ultimate sub-

mission to the Roman power, they continued to preserve

their federal institutions, which remained' unimpaired, in

form at least, as late as the time of Augustus. Strabo,

who has preserved to us an account of their constitution,

which he regards as the wisest form of federal government
with which he was acquainted (a judgment confirmed by
the high authority of Montesquieu), tells us that the league

consisted of twenty-three cities in all, of which the sis

principal were Xanthus, Patara, Pi'nara, Olympus, Myra,
and Tlos. These si.\ had each three votes in the general

assembly ; of the remaining cities the more considerable

had each two votes, and the rest only one. The payment
of taxes and other public burthens were apportioned in the

same manner, and the choice of the supreme magistrate,

who was styled Lyciarch, and the other magistrates of the

league rested with the federal assembly. At the same time

the internal affairs of each city were managed by a senate

or council (Boule), and a general assembly of the people

(Demos),'in the same manner as was usual with Greek cities.

This system of government continued to subsist under the

Roman empire, though of course subject to the control as

well as protection of the sovereign power ; but in the time

of Claudius dissensions among the separate cities afforded a
pretext for the intervention of Rome, and Lycia became
formally annexed to the Roman empire. It was at first

united in the same province with Pamphylia ; but in the

reign of Theodosius it was constituted a separate province.

Almost the whole of Lycia is a rugged mountainous
country, traversed by offshoots and branches of the great

range of Mount Taurus, which occupies the whole interior

or northern part of the district, and sends down to the sea

great arms or branches, constituting lofty promontories.

The consequence is that the coast, though less broken and
kregular than that of Caria, is indented by a succession of

bays,—the most marked of which is that called in ancient
times the Glaucus Sinus, now the Gulf of Macri, in the
extreme west of the province, and separating Lycia from
Caria. A number of smaller bays, and broken rocky

headlands, with a few small islets lying off them, constitute

the coast-line from thence to the south-eastern promontory
of. Lycia, formed by a long narrow tongue of rocky hill,

known in ancient times as the Sacred Promontory, with
three small adjacent islets, called the Chelidonian islands,

which was regarded by some ancient geographers as the

commencement of Mount Taurus—an opinion justly con-

troverted by Strabo. But it really forms an important

point in the geography of Asia Minor, where the coast

trends abruptly to the north till it reaches the confines of

Pamphylia. It was believed by Strabo to be directly

opposite to Canopus in Egypt, and to be the point where

thfc iuieiTil LetTeen the two continents was ihu iJi.Mltbu

Though the mountain ranges of Lycia may all be con-
sidered as in reality offshoots of Mount Taurus, several of

them in ancient times were distinguished by separate names.
Such were Mount Djcdala in the west, adjoining the Gulf
of Macri, Mount Cragus on the sea-coast, west of the valley

of the Xanthus, and Mount Massicytus nearly in the centre
of the region, rising to a height of 10,000 feet, while Mount
Solyma in the extreme east, above Phaselis, rises abruptly
from the sea to an elevation of 78C0 feet. The steep and
rugged pass between this mountain and the sea, called the
Climax, or Ladder, was the only direct communication
between Lycia and Pamphyliu.

The only two considerable rivers in Lycia are (1) the

Xanthus, which descends from the central mass of Mount
Taurus, aud flows through a narrow valley till it reaches

the city of the same name, below which it forms a plaiu of

some extent before reaching the sea, and (2) the Limyrus,
which enters the sea near Limyra. The Arycandus and
the Andriacus, which are intermediate between the two,

are much less considerable streams, and do not flow from
the central chain. The small alluvial plains at the mouths
of these rivers are the only level ground in Lycia ; but the

slopes of the hills that rise from thence towards the moun-
tains are covered with a rich arborescent vegetation of the

most beautiful character. (See the description of it by
Forbes, quoted in Asia Minor, vol. iL p. 709.) The
upper valleys and mountain sides afford good pasture for

sheep, and the main range of Mount Taurus encloses sevcal

extensive yaiJalis or upland basin-shaped valleys of the

peculiar kind so characteristic ct that range throughout. its

extent (see Asia Minor, p. 704).

It is very difficult to determine the limits of Lycia

towards the interior ; and the boundary seems to have

varied repeatedly at different times. The high and cold

upland tract to the north-east, called Milyas (which was

supposed to retain some remains of the aboriginal popula-

tion of Ljxia), was by some writers included in that pro-

vince, though it is naturally more connected with Pisidia.

A similar tract to the west of this, and also situated to the

north of the watershed of Mount Taurus, was termed

Cabalia ; but this had no natural connexion with Lycia,

nor was in early times ever politically united with it, the

four cities that were situated in this region—Cibyra, with

its dependent towns of (Enoanda, Balbura, and Bubon

—

having always formed a separate league or Tetrapolis,

which had no connexion with the Lycian league. It was

not till after their annexation to Rome that Cibyra, with

the district adjoining it, termed the Cibyratis, was united

to Phrygia, while the three other towns above enumerated

were annexed to Lycia.

According to Artemidorua (whose authority is followed

by Strabo), the towns that formed the i^ycian league in the

days of its integrity were twenty-three in number; but

Pliny tells us that Lycia once possessed seventy towns, of

which only twenty-sis. remained in his day. Recent

reseafches have fully confirmed the fact that, notwithstand-

ing its rugged character, the sea-const and the valleys that

ran up into the interior were thickly studded with towns,

which in many cases are proved by existing remains to have

been places of considerable importance. The names have

been for the most part identified by means of inscriptions,

and we are thus enabled to fix the position of the greater

part of the cities that are mentioned in ancient authors.

On the Gulf of Glaucus, near the frontiers of Caria, stood

Telmessus, an important place, while a short distance from

it in the interior were the small towns of Da?dala and

Cadyanda. At the entrance of the valley of the Xanthus

were Patara, Xanthus itself, and, a little higher up, Pinara

on the west and Tlos on the east side of the valley, while

Araxa stond at the head of the valley, just at the foot of
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the pass leading into the interior. Sidyma, on the slope

of ilouat Cragus, seems also to have borne the name of

the mountain, as was also the case with Massicytus, if there

was really a city of the name at alL Myra, one of the

most important cities of Lycia, occupied the entrance of

the valley of the Andriacus ; on the coast between this

and the mouth of the Xanthus stood Antiphellus, while in

the interior, at a short distance, were found Phellus,

Cyanea», and Candyba. In the alluvial plain formed by
the outlets of the rivers Arycandus and Limyrus stood

Limyra, and encircling the same bay the three small towns

of Rhodiapolis, Corydalla, and Gagse. Arycanda com-
manded the upper valley of the river of the same name.

On the east coast stood Olympus, one of the cities of the

league, though it could never have been more than a small

town, while Phaselis, a little farther north, which was a much
more impoitant place, never belonged to the Lycian league,

and appears to have always maintained an independent

position. We have thus in all twenty-one towns of which
the sites have been ascertained, but the occurrence of other

considerable ruins, to which no names can be attached with

any certainty, confirms the statement of Pliny as to the

great number of the Lycian towns.

The cold upland district of the Milyas appears never to

have contained any town of importance. Podalia seems
to have been its chief place. Between the Slilyas and the

Pamphylian Gulf was the lofty mountain range of Solyma,
which was supposed to derive its name from the Solymi, a

people mentioned by Homer in connexion with the Lycians

and the story of Bellerophon. No such name was known
in historical times as an ethnic appellation, but they were
supposed by some writers to be the same people with the

Milyans, while others regard them as a distinct people of

Semitic origin. It was in the flank of this mountain, near a

place called Deliktash, that the celebrated fiery source called

the Chimsera, which gave rise in ancient times to so many
fables, was found. It has been visited in modern times by
Captain Beaufort, Messrs Spratt and Forbes, aud other

travellers, but is merely a stream of inflammable gas

issuing from crevices in the rocks, such as are found
in several places in the Apennines. No traces of recent

volcanic action exist in Lycia.

Few parts of Asia Minor were less known in modem times than
Lycia until a very recent period. Captain Beaufort was the first

to visit several places on the sea-coast, and the remarkable rock-
hewn tombs of Telmessus had been already described by Dr Clarke,

but it was Sir Charles Fellows who first discovered and drew atten-

tion to the extraordinary richness of the district in ancient remains,
especially of a sepulchral character. His two visits to the country,
in 1838 and 1840, were followed by a more regular expedition sent
out by the British Government in 1842 for the purpose of transport-
ing to England the valuable monuments now in the British
Museum, while Lieutenant (now Admiral) Spratt and Professor
Edward,Forbes explored the interior of the district, and laid down
its physical features on an excellent map. The monuments thus
brought to light are certainly among the most interesting of any
that have been discovered in Asia llinor, and, while showing the
strong influence of Greek art, both in their architecture and sculp-
ture, prove also the existence of a native architecture of wholly
distinct origin, especially in the rock-cut tombs, some of which
present a ^strange resemblance to our English Elizabethan style,
while others distinctly evince their derivation from the simple
construction of the mud and timber built cottages of the natives.
Bnt the theatres that are found in almost every town, some of them
of very large size, are alone suiiicient to attest the pervading
influence of Greek civilization ; and this is confirmed by the
sculptures, which an for the most part wholly Greek. None of
tliem, indeed, can be ascribed to a very early period, and hardly
any trace can be found of the influence of Assyrian or other
Oriental art.

One of the most interesting results of these recent researches has
been the discovery of numerous inscriptions in the native language
of the country, and written in a character, or at least an alphabet,
before unknown, aud which appears to have been peculiar to Lycia.
A few of these inscriptions are fortunately bilingual, in Greek and
Lycian, which has anorded a clue to their partial interpretation, and

the investigations of Mr Daniel Sharpo in the first instance, followed
by the more mature es.says of Jloritz Schmidt and Savelsberg, have
established the fact that the Lycian language belonged to the great
Aryan family, and had close affinities with the Zend. The alpha-
bet in which the inscriptions are written is obviously derived from
the Greek, no loss than twenty-four of the letters being identical,
while most of the additional letters appear to have been invented in'

order to express vowel sounds which were not distinguished in
Greek. None of the Lycian inscriptions, however, any more thiMi
the sculptures, can lay claim to a high antiquity. It is remarkable
that the Greek alphabet upon which it was founded appeal's not to
have been the Ionic alphabet which was in general use in Asia
lliuor, but was more akin to the Doric alphabet in use in the Pelo-
ponnese.

For these modem researches see A Joitrnat written durinff ait Excursion in
Asia Minor, iMTiion, 1839, by Sir Cllarles Fellows; An Account of Discoreries in
L'jcia, by the same author, Londoti, 1841; Travds in Li/cia, Milyas, and IfU
Cibyratis, by Deuteiiant Spratt and Professor Edward FoVbL-s, 2 vols.. Lond<ii,
1847; Moritz Schmidt, ^'eue Ltjiisc/ie Sliidien, Jena, 1869; Savelsbervt, ii<itrai/e

zur EntzijS'erung der Lrjkisclten Sprachd-inkittula-, BonD, 1874. (E. H. U.)

LYCOPHRON was a Greek poet who flourished at

Alexandria in the time of Ptolemy Philadelphus (285-^1/'

B.C.). He was born atChalcis in Euboea, and was the son

of Lycus. He wrote a number of tragedies, forty-six oi

sixty-four, and Suidas gives the title of twenty of them.

Only a few lines are preserved of these works, which gained

him a place in the Pleiad of Alexandrian tragedians. He
was entrusted by Ptolemy with the task of arranging the

comedies in the Alexandrian library, aud out of this work
grew his treatise Trepl K(u/x({)8ttts, in at least eleven books.

It seems to have treated of the history of comedy, of the

lives of the comic poets, and of various topics subsidiary to

the proper understanding of their poems, but nothing has

been preserved of the work. One of his poems called

Cassandra, containing 1474 lines of iambic, has been pre-

served entire. It is in the form of a prophecy uttered by
Cassandra, and relates the later fortunes of Troy and of

the Greek and Trojan heroes. References to various events

of mythic and of later time are introduced, and the poem
ends with a reference to Alexander the Great, who was to

unite Asia and Europe in his worldwide empire. The
style, as befits a prophecy, is so enigmatical as to have pro-

cured for Lycophron, even among the ancients, the title of

the " obscure " (6 o-Koreivo's). The poem is evidently in-

tended to display the writer's knowledge of obscure names
and uncommon myths; it is full of unusual words of

doubtful meaning gathered from the older poets, along

with many long-winded compounds coined by the author.

It has none of the qualities of poetry, and was probably

written not for the enjoyment of the public but as a show-

piece for the Alexandrian school. It was very popular in

the Byzantine period, and was read and commented on

very frequently ; the collection of scholia by I. and J.

Tzetzes is very valuable, and the MSS. of the Cassandra

are numerous. A few neat and well-turned lines which

have been preserved from Lycophron's tragedies show a

much better style ; they are said to have been much ad-

mired by Menedemus of Eretria,' although the poet had

ridiculed him in a satyric drama. Lycophron is also said

to have been a skilful writer of anagrams, a reputation

which does not speak highly for his poetical character.

Two passages of the Cassandra, 1446-50 aud 122G-82, in which
the career of the Roman people and their universal empire ars

spoken of, could evidently not have been ^^-rittcn by an Alexan-

drian poet of 250 B.C. Hence it has been maintained by Niebuhr
and others that the poem was written by a later poctmentionetl by
Tzetzes, but the opinion of Welcker is generally counted more
probable, that these paragraphs are a later interixilation ; a pro-

phetic poem is peculiarly liable to have additions inserted, and the

Roman rule was the most natural subject to add.

See Welcker, Griech. Trag. ; KoBze, De Lycophranis Dicliotu,

;

and Bemhardy's and other histories of Greek literature.

LYCOPODIUM. This and Seldginelta are the two

chief genera of the order Lycopodiacex or club mosses. They
are flowerless herb.s, and mostly creeping ; but during the

period of the development of coal plants members of this
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Older iittaiuetl to the dimensions of lofty trees. A remaik-

arblo bed of ijcotcL coal called the "better bed" was found

ou microscopical examination to be almost entirely com-

posed of the s(iores and sporanges of some "lyeopod."

There are one hundred species, which occur in all climates,

five being British. The leaves of lycopodium are for the

most part small, and thickly cover the stem and branches.

The "fertile" leaves arc arranged in cones, and bear

sporanges in their axils, containing spores of one kind

only (of two kinds in Selaginella). The prothallium

developed from the spore is a subterranean mass of tissue

of considerable size, and bears the male and female struc-

tures {antheritUa and archegoiiui). See Microf/rajildc

Diet. ; Le Maout and Decaisne's Desc. and Anal. Bot.,

Eng. ed., p. 911 ; and Sach's Texl-hook of Bot., Eng. ed.,

p. 400 sq. Gerard, in 1597, described two kinds of

lycopodium (Ilei-bidl, p. 1373) under the names Jlhiscus

denticulatus and Muscus clavatvs (L. davalum, L.) as " Club

Mosse or Woolfes Clawe Mosse," the names being in Low
Dutch, " Wolfs Clauwen," from the resemblance of the

club-like or claw-skaped shoots to the toes of a wolf,

"whereupon we first named it Lycopodion." Gerard

also speaks of its emetic and many other supposed

virtues. L. Selago, L., and L. caiharticum, Hook., of South

America, have been said to be, at least when fresh,

cathartic ; but, with the exception of the spores (" lyco-

podium powder "), lycopodium as a drug has fallen into

disuse. .The powder is used for rolling pills in, as a
'Justing powder for infants' sores, i&c. It is highly in-

flammable, and is used in pyrotechny and for artificial

lightning on the stage. If the hand be covered with the

powder it cannot be wetted on being plunged into water.

Another use of lycopodium is for dyeing ; woollen cloth

boiled with species of lycopodium, as L. davatum, becomes
blue when dipped in a Isath of Brazil wood.

LYCURGUS, a famous Spartan lawgiver. As even

the ancients themselves differed so widely in their accounts

af Lycurgus that Plutarch could begin his life by saying

that he could assert ab.solutely nothing about him which

was not controverted, it is not surprising that modern
aistorical criticism has been disposed to relegate him
ivtoUy into the region of pure myth. One tradition would

8ut him as far back as the age of Troy; another would
:onnect him with Homer; while Herodotus implies that

ae lived in the 10th century js.c. It is now usual, on the

strength of a passage in Thucydides (bk. i. chap. 18), which
represents Sparta as having enjoyed a well-established

political constitution for as much as four hundred years

before the Peloponnesian war, to assign him to the

Dth century B.C., and to accept him as a real historical

person. But as to the character and result of his legisla-

tive work there still remain very conflicting opinions, due
•o the circumstance that such data as we possess are

susceptible of exceedingly diverse inferences and inter-

pretations. Plutarch's life, which is the fullest and most
detailed account we have of him, is not merely the com-
pilation at second hand of a late ago (2d century),

but also abounds in statements which any one with any
knowledge of the early growth of political societies feels to

be inherently improbable. Grote prefers on the whole to

be guided by what may be fairly inferred from the allusions

to his legislation in Aristotle, as being one of our earliest

aources of informaUou and certainly the most philosophical

estimate of his work. With Thirlwall he takes him to have

been a real person, and assumes that he was the instrument

of establishing good order among the Spartans, hitherto,

according to Herodotus, the most lawless of mankind, and
of thus laying the foundations of Spartan strength and
greatness.

The traditional story was that when acting as guardian

to his nephew, Labotas, king of the Spartans, he imported

his new institutions from Crete, iu which a branch of the

Dorian race had for a considerable period settled themselves.

It was said that he had travelled widely, and gathered

political wisdom and experience in Egypt and even ia

India. With the support of the Delphic oracle, which

was specially reverenced by Dorians, he was able to accom-

plish his work and to regulate, down to the smallest details,

the entire life of Sparta. He lived to see the fruit of his

labour, and, having bound his fellow countrymen to change

nothing in his laws till his return, he left then for Delphi,

and was never seen by them agiin. The oracle declared

that Sparta would prosper as long as she held fast by h\i

legislation, and upon this a temple was built to his honour,

and he was worshipped a-s a god.

It was the fashion with writers like Plutarch, from whom
our notions of Lycurgus have been mainly derived, ,tc

represent the Spartan lawgiver as the author of a wholly

new set of laws and institutions. It need hardly be said

that any such view has long been abandoned, and thai

Lycurgus's work, great as it no doubt was, did not go

beyond formulating what already existed in germ, and

was in fact the peculiar heritage of the Spartans as

members of the Dorian race. It has been contended that

the laws of Sparta were the typical Dorian laws, and thai

Sparta herself was the special representative, politically

and socially, of the Dorian race. It appears, however, to

have been the general view of the Greeks themselves that

many of her most important institutions, more especially

the severity of her military training and of her home-

discipline, were peculiar to Sparta, and were by no means

shared by sucb states as Corinth, Argos, Megara, all of

Dorian origin. Grote lays great stress on this point

{History of Greece, chap, vi.), and maintains that it was the

singularity of the Spartan laws which made such a deep

impression on the Greek mind. The truth indeed seems to

be that Sparta's political organization in its main lines was

of the Dorian type, and resembles the pictures given us

in the Homeric poems, but that much in her social life and

military arrangements was absolutely unique. It is here

that in all probability may be traced the genius and fore-

sight of Lycurgus, and he may thus well deserve the credit

of having started Sparta on a new career.

The council of elders (gerousia, or senate), a distinctive

feature of the Hellenic states generally, must have existed

at Sparta long before Lycurgus, nor is it at all certain that

he fixed its number at twenty-eight, the two kings who sat

and voted in it making it up to thirty members. It was

elected from the people from candidates who had reached

the age of sixty, and a senator once elected was a senator

for life. It united the functions of a deliberative assemblj

and of a court of justice, and it prepared measures whici

were from time to time submitted to periodical assembliei

of the people, which, however, had simply to accept o\

reject, without any power of amendment or criticism. S^

far the constitution of Sparta was distinctly oligarchical

The two kings, whose oflice was hereditary, and whose dc.

scent was from the famous family of the Heraclids, had

but very limited political powers, and, with some few excep.

tions, oven little more than ordinary senators. They owed

their position and prerogatives to the religious sentiment

of the people, which reverenced their noble and quasi,

divine origin, and accepted them as legitimately the higt

priests of the nation, and as specially qiuilified in great

emergencies to consult the Delphic ofacle and receive us

answers. An ample royal domain was assigned to them,

and some rather delicate legal matters, such as the bestow

mont of the hand of an orphan heiress, were entrusted tc

th(.ir discretion. By far the most important of tlic.it

duties was the command of the ucmy on a foreign erpedi-
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tioa, with, however, the assistance of a council of war. In
fact they closely resembled at all "points the kings of the
heroic age, and the liononr and reverence in which they
were held was far greater than their actual power, which
really was curtailed within such narrow limits that it was
not possible for them to establish anything like a tyranny
or despotism.

One great check on the kings was a board of magistrates,

annually elected by tlie people, termed ephors, a name not
confined to Sparta, whence we may fairly infer that this

institution also by no means owed its origin to Lycurgus,
A comparison has been suggested between the Spartan
ephors and the tribunes at Rume. Both were certainly

popular magistrates, and as it was at Rome, so too at Sparta,
at any rate in her later days, these magistrates made them-
selves the great power in the state. There was a form of

ancient oaths between the king and the ephors, the king
swearing that he would respect the established laws, and
tlie epliors swearing that on that condition he should retain

his authority and prerogatives. The unanimous view of
antiquity was that it was the special business of the ephors
" to protect the people and restrain the kings." We gather
from passages in Thucydides that they had in his time great

political induence, and in the time of AristDtle they had
attained such a position that he says they did not choose
to conform themselves to the strict discipline prescribed to

Spartan citizens. Although the king took the command
in war, it was for the ephors to say when war should be
made, and on what terms peace should be concluded. Any
public magistrate, the kings not excepted, was liable to be
called to account by them, while they themselves seem to

have been irresponsible. Of course the fact that they were
annually elected necessitated a general conformity in their

policy to the popular will. But so great and arbitrary

were their powers that Plato hints that the Spartan consti-

tution might be almost described as a tyranny. Indeed
they were to Sparta what the House of Commons is to

England, "the moving spring," as Arnold says {Tlmcy.,

App. II.), of the whole Spartan government.

Of the institutions we have described, not one, as we
have seen, was peculiar to Sparta, or, it may be inferred,

due to Lycurgus. They were indeed all connected by
tradition with his name, and we may believe that he did

his best to put them on a sound basis, though, as to the

ephors, there is reason to think that they formed no part

of the original Spartan constitution. One thing is certain

that there was a permanence about Lycurgus's work, what-

ever it may have been, to which Sparta's long freedom from
revolution was unanimously attributed. She owed this no
doubt mainly to her peculiar social customs and usages,

and it is here that in the opinion of both Grote and Thirl-

wall we must specially look for the reforming hand of

Lyburgus.

It was of the first importance that the Spartan should

be an efficient soldier. He was a conqueror in the midst

of a subject population, to which he stood in the same
relation in which the Norman for a time at least stood to

the Saxon. This subject population was made up of two
classes, the Perioeci (dweUers round the city) and the

Helots, the first being freemen and proprietors scattered

throughout the townships and villages of Laconia, with

some powers of local self-government, but with no voice in

the affairs of the state, while the latter were simply serfs,

' attached to the soil which they cultivated, like the villein

of the feudal perioH, for Spartan proprietors, to whom they

paid a rent equivalent, it is said, to half of the entire pro-

duce. Their condition, though a humble and in some

respects a degraded oue, was at least free from the worst

incidents of slavery, as they lived with their wives and

families, and could not be sold out of the country. Thus

they must have felt themselves an integral part of the state,

which employed them in military service, and rewarded
them from time to time. with the gift of freedom. Still,

as an oppressed class, they often gave uneasiness to Sparta,

and on one memorable occasion, recorded by Thucydides
(iv. 80), as many as two thousand of them were treacher-

ously and secretly massacred for reasons of state expediency.

There was even a regular and legalized system of thinning

their numbers by stealthy assassination, known as the
" crypteia," and carried into effect by young Spartans who
were annually commissioned to range the country with
daggers for this horrible purpose. If under ordinary

circumstances the frugal and industrious Helot might exist

in tolerable comfort and even hope for freedom, he must
have been made to feel that it was exceedingly dangerous
to be too aspiring, and the inferiority of his condition was
clearly marked by a distinctive dress which he dared not

lay aside, any more than he might presume to sing any of

the national songs of Sparta.

It was by the toil of the Helots that the Spartan was
enabled to live, as we should say, the life of a gentleman,

devoting himself to hunting and military exercises along

with some slight admixture of mental culture, based mainly
on music and poetry. It was not, however, a life of ease

and enjoyment. His physical training was proverbially

severe. From the age of seven he was put under a rigorous

state discipline which inured him to the patient endurance

of the most extreme hardships. The ideal at which he

was specially taught to aim was a calm passive fortitude,

which implied that he lived solely for the state. . Spartan

youths would compete with each other in submitting

themselves to the lash before the altar, of the goddess

Artemis, and would, it is said, sometimes suffer even to

death without any visible emotion. The story that they

were habitually trained to theft means that they had licence

to roam the country and forage for food, which they were
expected to carry off without detection. In every way
they were trained to feel themselves at home amid peril

and hardship.

The Spartan woman, whose business it was to be the

mother of brave and robust children, was naturally held in

great honour, and according to Aristotle had at least in his

time great influence on public affairs. The maiden waa
trained in much the same fashion as the youth, and was
exercised in running, wrestling, and boxing, and thus at

Sparta, there was a much freer intermingling of the sexes

than in any other Greek state. In this respect Spartan

fashions of life seem to have been altogether peculiar^to

Spartans. The effect of such a training on the wom^n
would as a matter of course be to give them masculine senti-

ments and aspirations, and we can well understand what
regard would be paid to their praise or censure. The position

of women in Sparta takes us back to the old heroic ages, and

reminds us of many passages in the poems of Homer.

One of the features of Spartan life, in thorough harmony

with its general purpose and tenor, was the pubHc mess,

the "syssitia," according to the Greek phrase. Every citizen

was bound to be a member of the mess, which was arranged

in a number of joint tables, each providing from his allot-

ment of land a prescribed quota of provisions, with wine

and game from the public forests, and the guests being

distributed into parties of fifteen persons, and chosen by

ballot. Attendance at the mess was strictly enforced, and

even the kings were not permitted to excuse themselves.

The claims of the state on her citizens, and the duty of

obedience to state discipline, were thus kept perpetually

present to the Spartan's mind.

With trade and industrial occupations, even agriculture,

the Spartan had nothing to do, all this being left to the

Perioeci and Helots. We might have anticipated that sucb
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^vrould be the case with a military aristocracy. The story
that Lycurgus restricted Sparta to an iron coinage can-
not well be reconciled with the fact that silver money
was not in use among the Greeks till a century after his

time.

The organization of the Spartan army was always greatly

admired by the ancients. Xenophon praises its system of

tactics for " an admirable simplicity in the midst of seeming
intricacy," and in Thucydides (v. 66) we have it described

as based on an elaborate graduation of authority, by means
of which the general's orders were transmitted to the rank
and file with the utmost promptitude and accuracy. The
si'rength of the army consisted mainly in infantry, every

Spartan being a heavy-armed soldier, and the light troops

b ;ing made up out of the Perioeci and Helots. The Spartan
ciivalry never had much repute, and it was always regarded

aM a decidedly inferior branch of the service. Nor did

they seriously apply themselves to'sieges or to sea warfare.

Though a brave, they were a very cautious and wary
people, and all their military operations were conducted

^^ith extreme secrecy. It was a fixed principle with them
rot to engage the same enemy with needless frequency,

and not to carry a pursuit further than victory really

required. Anything like cowardice was a disgrace which

1 educed a citizen to the condition of an outcast "With
it or on it" were the words with which the Spartan mother
would bid her son return when he left home with his

fcield to fight for Sparta.

Lycurgus is fairly described by G rote (Hist, of Greece,

chap. C) as "the founder of a warlike brotherhood rather

than the lawgiver of a political community." The Spartan

was to be almost wholly estranged from home ties, and to

live only for the state. His training, though admired both

by Plato and Aristotle as directed towards a noble ideal,

was felt by them to be very imperfect, inasmuch as it

cultivated only one side of human virtue and contemplated
the circumstances of a camp or a garrison rather than of a
state organized on a really perfect basis.

With the reforms of Lycurgus Plutarch connects a
sweeping readjustment of the entire system of landed pro-

perty, whereby Laconia was parcelled out into 39,000
equal lots, 9000 being assigned to Spartan ^citizens, and
the remainder to their free subjects, the PericEci. It was
the fashion with certain ancient writers to assume some
Buch measure in the case of every early, -legislator or

reformer. But it is to be noted that we have no hint of

any such repartition of land by Lycurgus till we come to

Plutarch, and this fact so much, impressed Grote that he
utterly rejects the story. All historical evidence, he
maintains, points to great inequalities of property among
the Spartans from the earliest times, and is therefore

irreconcilable with any such belief. Here indeed he seems

to be on sure ground, but it may be quite possible that

even with equal lots of land there were decided ine-

qualities in wealth. There may have been citizens rich

in flocks and herds pastured on common ground, of which,

we have foason to believe, there was considerable extent.

Plutarch's account is favoured by the fact that equal

distributions of land were often made in early days by
conquering peoples. The question is one on which it

Beems impossible to arrive at a certain and definite con-

clusion. Possibly, as has been suggested by M. Laveleye,

some old tradition of an equality of landed property may
have been the origin of the belief that a rodivision into

equal portions was a part of the system of Lycurgus.

There was, however, an equality which he certainly did

attempt to establish. Every Spartan, rich or poor, had

to submit to the same hard discipline and to aim at the

iBame ideal. The attempt was not altogether unsuccessful,

though the subsequent history of Sparto shows that several

of her citizens fell so far ehort of it as to disgrace them-
selves by actual dishonesty in the public service. But
we may fairly credit Lycurgus with a work which laid
deep the foundations of a very remarkable and at times
a truly noble patriotism both in the men and women of
Sparta.

The best accounts of Lycurgus and his legislation will he found
in Grote's and Thirlwall's histories, and in MiiUer's Dorians. The
chief original Bouices from which our knowledge of the subject is
derived are the writings of Plutarch and Xenophon, and Aristotle's
Politics. (W. J. B.)

LYCURGUS, one of the ten great Attic oratprs, was
born about 396-93 ac. His father was named Lycophrou,
and he belonged to the old Attic family of the Eteobutads.
He is said to have been a pupil both of Plato and of
Isocrates. His early career is quite unknown, but after

the real character of the great struggle with Philip of

Macedon was becoming manifest he was recognized along
with Demosthenes and Hyperides as one of the chiefs of

the national party. He left the care of external relations

to his colleagues, and devoted himself to the internal

organization and the financial administration of the state.

He managed- the finances of Athens for twelve successive

years, being chosen rajj-Las t^s koiv^s 7rpoo-o8ou, probably in

341 B.C., for a term of four years, and in the two succeeding
terms, when the actual office was forbidden him by law,

directing it through a nominal official chosen from his party.

Part of one of the deeds in which he rendered account of his

term of office is still preserved in an inscription (Corp.

Inscr. Gr., i. No. 247"; Corp. Inscr. Alt,, iL pt. 2, No.

289). During this time 18,900 talents passed through
his hands, and he raised the public income to 1200 talents

yearly. His integrity and his skilful management were
highly appreciated by the people, who refused to deliver

him up when Alexander the Great demanded his surrender

;

many private persons deposited money under his charge.

He was also appointed to various other offices connected

with the preservation and improvement of the city. He
was very strict in his superintendence of the public morals,

and passed a sumptuary law to restrain extravagance. On
the other hand he showed a noble and liberal spirit in all

that concerned public expenditure ; he did much to

beautify and improve the city by fine buildings ; and he

passed a famous law ordering that statues of the three

great tragedians should bo erected, and that a careful

edition of their tragedies should be made and preserved

among the state archives.

Lycurgus was a man of action and not of words : his orations, of

which fifteen were published, are criticized by the ancients for theii

awkward arrangement of matter, harshness of style, and the ten-

dency to digressions about mythology and past history, vhile the

noble spirit and the lofty morality that breathe through them are

Iiighly praised. Only one of the orations, that against Socrates,

lias been preserved, and fully bears out the criticism of the ancients.

He was evidently one of the last examples of the finest Athenian

type—full of religious feeling, as became one of the Eteobutadse,

the family in which the priesthood of Athene Poliaswas hereditary,

proud of the history and the religion of his countrj-, and resolved

to act wortliily of it and to mako others do the same, severe and
stern in his treatment of offenders and frequently prosecuting them
in the public courts, but generous and liberal in all that concerned

the glory of Athens.

LYDGATE, John, a monk of Bury St Edmunds, was the

most famous English poet of the 15th century. He is a

standing refutation of a popular-^iiotion that the extra-

ordinary collapse of English poetry after Chaucer dis-

appeared from the stage was due to the unsettled state of

public aflairs. The exact dates of his birth and death are

not ascertained, but he began his occupation as^a verse-

maker before Chaucer's death, and probably ,ended it

several years before the Wars of the Roses broke out.

Public affairs wore not more unsettled during his lifetime

than during the lifetime of Chaucer. Like Chaucer,
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Lydgate enjoyed tUe patronage of the royal family. He
-was the " poet laureate " of his generation. He translated'

JBenoit do St Mauro's History of Troy " at the command-
meat " of Henry V. ; he wrote a poem on the battle of

Agincourt ; the coronation of Henry VII. furnished him
with another theme ; the " Good Duke Humphrey " .of

Gloucester " commanded " his translation of Bochas upon
ilie Fall of Princes. The mouk of Bury was in short a

professional poet. According to Warton he opened a school

in lus monastery for teaching the sons of the nobility the

arts of versification and the elegancies of composition, and
it would seem from the character and the variety of the

pieces attributed to him—" disguisings," "mummings,"
Jives of saints, translations of standard works, devotional

pieces in metre, metrical paraphrases of proverbs—that he
was ready to write to order on any theme submitted to

him. Lydgate attracted a good deal of attention from our

•early printers and antiquaries, his Fcdl of Frinces being

reprinted four times before the accession of Elizabeth. The
fact that it was the largest poem in English of a tragic

cast may have had something to do with the popularity of

this work. The Story of Thebes, based on Statius and
Boccaccio, is generally supposed to have been one of his

first essays. It is told as one of the Canterbury tales,

—

the poet in his prologue feigning himself to have joined

Chaucer's pilgrims at Canterbury, and recited this tale at

the host's command as they rode back. Possibly more

than one of two hundred and fifty-one separate poems,

most, of them short, ascribed to Lydgate by Ritson, have

been ascribed to him on very slender authority. But the

"works undoubtedly his are so commonplace in thought

and sentiment, and so clumsy in esecution,—with all

allowance for transcribers' errors and imperfect editing,

—

that no injustice can have been done to his reputation by
attributing any doggerel to his facile pen. He was
evidently a great reader of poetry, a scholar accomplished

in amount, had. probably a large indiscriminate enjoj-ment

of poetry, and probably also a boisterous enjoyment of his

own facility in building up stanzas. His own mental life

was probably the reverse of dull But, like many another

self-satisfied versifier, he is the cause of dulness in others.

In reading him with his own contented spirit, one catches

some faint reflexion of the gleeful happiness with which

lie seems to have poured out his abundant store of thrice-

repeated phrases and images. Of artistic sensibility he

was entirely destitute. He claims our sympathy by his'

warm admiration for Chaucer, but admiration gave him
no share of Chaucer's economy of touch, rapid vivacious

movement, and subtle wit. HLs lines are eked out by
tautologous and feeble epithets, and garrulous repetitions

—

" as clerkes can you tell," " in bookes as I rede," " the story

saith certain," " the story can devise," " the story can

reherse," " the story specifies," " the story maketh mind."

Something is expressed in learned terms, and then the

same thing is repeated " in plain EnglisL" Lydgate is

seen at his best in his illustrations of proverbs and maxims
of homely morality, and by far his most successful metre

is a stave of eight four-beat lines with a rhyme from the-

first half recurring in the second. A Satirical Balad on

ike Times, with the refrain " So as the crab gothe forwarde "

;

A Satirical Description of his Lady, with the refrain

" When she hath on hire hood of green "
; A Lover's Com-

plaint ; I'honke God of A He ; and Afake Amendfs—all in

this metre—^are an»ong the most favourable specimens of

iis powers. A line of five accents seems always t6 have

driven him into prolixity. The London Lackpenny, to the

refrain of " But for lack of money I might not speed," the

best known of his humorous poems, is also in four-beat

lines, though there are seven lines in the stanza,

iydgate's copiousness of detail in describing customs,

dresses, architecture, as Well as in making literary com-
parisons, render his verses useful as materials for the

historian; but in artistic skill he is a sad falling off from
Chaucer. Personally he seems to have been a lively monk
enough. In his 2'estament he makes confession to having
been a terrible boy, " disposed to many unbridled passions."

He fought with his schoolfellows, and scoffed and made
mouths at them " like a wanton ape" ; he played truant,

and " forged leesings " in excuse ; neither hedge nor wall

could keep him out of orchards ; he " told cherry-stones
"

when he ought to have been at church, and threw his

paternoster and his creed at the cock. Highly decorous

respectable old men often take a pleasure in looking back,"

as -Justice Shallow did, to the follies of their youth, and
perhaps exaggerating them, but there is nothing- iu

Lydgate's confession inconsistent with his poetry. A dull

writer is generally a person of high animal spirits ; only

that could sustain him through platitudes which other
people find bo dreary. (w. m.)

LYDIA. It is difficidt to fix the boundaries of Lydia
very exactly, partly because they varied at different times,

partly because we are still but imperfectly acquainted with

the geography of western Asia Minor. The name is first

found, under the form of Luddi, in the inscriptions of the

Assyrian king Assur-bani-pal, who received tribute from
Oyges about 660 b.c. In Homer we read only of Maeonians

(//.,ii. 865, V. 43, X. 431), and the place of the Lydian capital

Sardes is taken by Hyde (//., xx. 385), unless this was the

name of the district in which Sardes stood (see Strabo, xiii.

p.
626).i The earliest Greek writer who mentions the

name is Mimnermus of Colophon, in the 37th Olympiad.
According to Herodotus (i. 7), the Meiones (called Mseones
by other writers) were named Lydians after Lydus, the son

of Attya, in the mythical epoch which preceded the rise of

the Heraclid dynast}'. In historical times, however, the

Masones were a tribe inhabiting the district of the Upper
Hermus, where a town called Mseonia (now Mennen)
existed (Pliny, X. H., v. 30; Hierocles, p. 670). The
Lydians must originally have been an allied tribe which
bordered upon them to the north-west, and occupied the

plain of Sardes or Magnesia at the foot of. Tmolus and
Sipylus. They were cut off from the sea by the Greets,

who were in possession, not only of the Bay of Smyrna, but

also of the country north of Sipylus as far as Temnus, in

the Boghaz, or pass, throu.gh which the Hermus forces its

way from the plain of Magnesia into its lower valley.- In an

Homeric epigram the ridge north of the Hermus, on which

the ruins of Temnus lie, is called Sardene. • Northward the

Lydians extended at least as far as the Gygrean Lake (Lake

Coloe, now Mermereh), and the Sardene range (now
Dumanly Dagh). The plateau of the Bin Bir Tep^, on *he

southern shore of the Gygaean Lake, was the chief burial-

place of the inhabitants of Sardes, and is still thickly

studded with tumuli, among which the '.' tomb of Alyattes
"

towers to a height of 260 feet. Nest to Sardes, Magnesia

ad Sipylum was the chief city of the country, having

taken the place of the ancient Sipylus, now probably repre-

sented by nn almost inaccessible acropolis discovered by
Mr Humann not far from Magnesia on the northern cliff

of Mount Sipylus. In its neighbourhood is the famou;}

seated figure of " Niobe " (//., xxiv. 014-17), cnt out of the

rock, and probably intended to represent the goddess

Cybele, to which the Greeks attached their legend of

Niobe. According to Pliny (v. 31),- Tantalis, afterwards

swallowed up by earthquake in the pool Sale or Saloe,

was the ancient name of Sipylus and '' the capital of

Maeonia " (Paus., viL, 24 ; Strabo, siL p. 579).

— .— <

' Pliny (t. 30) makes it the Mseonian name.
' See W. M. Banuay in the Journal of Hellenic Stvdiet, ii. 8.
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Under the Heraclid dynasty the limits of Lydia must

have been already extended, since according to Strabo

(xiiL p. 590), the authority of Gyges reached as far as

the Troad, and we learn from the Assyrian inscriptions

that the same king sent tribute to Assur-bani-pal, whose

dominions were bounded on the west by the Halys. But
under the Mermnads Lydia became a maritime as well as

an inland power. The Greek cities were conquered, and
the coast- of Ionia included witliin the Lydian kingdom.

The successes of Croesus finally changed the Lydian king-

dom into a Lydian empire, and all Asia Minor westward of

the Halys, with the exception of Lycia, owned the supre-

macy of Sardes. Lydia never again shrank back into

its original dimensions. After the Persian conquest the

Mseander was regarded as its southern boundary, and in

the Roman period it comprised the country between llysia

and Caria on the one side and Phrygia and the jEgean on
the other.

Lydia proper was exceedingly fertile. The hill-sides

were clothed with vine and fir, and the rich broad plain cf

Hermus produced large quantities of corn and saffron.

The climate of the plain was soft but healthy, though the

country was subject to frequent earthquakes. The
Pactolua, which flowed from the fountain of Tarne in the

Tmolus mountains, through the centre of Sardes, into the

Hermus, was believed to be full of golden sand ; and gold

mines were worked in Tmolus itself, though by the time

of Strabo the proceeds had become so small as hardly to

pay for the expense of working them (Strabo, xiii. 591).

Maeonia on the east contained the curious barren plateau

known to the Greeks as the Cataceoaumene or Burnt
country, once a centre of volcanic disturbanca The
Gygaean lake (where remains of pile dwellings have been
fouad) still abounds with carp, which frequently grow to a
T«ry large size.

Herodotus (i. 171) tells us that Lydus was a brother of

Mysus and Car. The statement is on the whole borne out

by the few Lydian, Mysian, and Carian words that have
been preserved, as well as by the general character of the

civilization prevailing among the three nations. The
language, so far as can be judged from its scanty remains,

was Indo-European, and more closely related to the

western than to the eastern branch of the family. The
race was probably a mixed one, consisting of aoorigines

and Aryan immigrants. It was characterized by industry

and a commercial spirit, and, before the Persian conquest,

by bravery as well.

The religion of the Lydians resembled that of the other
civilized nations of Asia Minor. It was a nature-worship,

which at times became wild and sensuous. By the side of

the supreme god jSIedeus stood the sun-god Attys, as in

Phrygia the chief object of the popular cult He was at

once the -son and bridegroom of Cybele or Cybebe, the

mother of the gods, whose image carved by Broteas, son of

Tantalus, was adored on the cliffs of Sipylus (Paus., iii. 22).

Like the Semitic Tammuz or Adonis, he was the beautiful

yoDth who had mutilated himself in a moment of frenzy

or despair, and whose temples were served by eunuch
priests. Or again he was the dying sun-god, slain by the

winter, and mourned by Cybele, as Adonis was by
Aphrodite in the old myth which the Greeks had borrowed
from Phmnicia. This worship of Attys was in great

measure due to foreign influence. Doubtless there had
been an ancient native god of the name, but the associated

myths and rites came almost wholly from abroad. The
Hittites in their stronghold of Carchomish on the Euphrates
had adopted the Babylonian cult of Istar (Ashtoreth) and
Tammuz-Adonis, and had handed it on to the tribes of

Asia Minor. The close resemblance between the story of

Attys and that of Adonis was the result of a common

origin. The old legends of the Semitic East had come to
the West through two channels. The PhtBnicians brought
them by sea and the Hittites by land. But though the
worship of Makar or !Melkarth on Lesbos {II., xxiv. 544)
shows that the Phoenician faith had found a home on this

part of the coast of Asia Minor, it could Jiave had no
influence upon Lydia, which, as we have seen, was cut off

from the sea before the rise of the Mermnads. It was rather
to the Hittites that Lydia, like Phrygia and Cappadooia,
owed its faith in Attys and Cybele. The latter became
"the mother of Asia," and at Ephesus, where she was
adored under the form of a meteoric stone, was identified

with the Greek Artemis. Her mural crown is firet seen
in the Hittite sculptures of Boghaz Keui on the Halys, and
the bee was sacred to her. A gem found near Aleppo
represents her Hittite counterpart standing on this insect.

The priestesses by whom she was served are depicted in

early art as armed with the double-headed axe, and the
dances they performed in her honour with shield and bow
gave rise to the myths which saw in them the Amazons,
a nation of- woman-warriors. The prae-Hellenic cities oj

the coast—Smyrna, Samorna (Ephesus), Myrina, Cyme,
Priene, and Pitane—were all of Amazonian origin,

and the first three of them have the same name as the

Amazon Myrina, whose tomb was pointed out in the Troad.

The prostitution whereby the Lydian girls gained their

dowries (Herod., L 93) was a religious exercise, as among
the Semites, which marked their devotion to the goddess
Cybele. In the legend of Hercules, Omphale takes the

place of Cybele, and was perhaps her Lydian title.

Hercules is here the sun-god Attys in a new form ; his

Lydian name is unknown, since E. Meyer has shown
(Z. D. M. G., xxxL 4) that Sandon belongs not to Lydia
but to Cilicia. By the side of Attys stood the moon-god
Manes or Men.

According to the native nistonan Xanthus (460 B.c.)

three dynasties ruled in succession over Lydia. The first,

that of the Attyads, is wholly mythical. It was headed by
a god, and included geographical personages like Lydus,

Asies, and Meles, or such heroes of folk-lore as Cambletes,

who devoured his wife. To this mythical age belongs the

colony which, according to Herodotus (i. 94), Tyrsenus,

the son of Attys, led to Etruria. Xanthus, however, puts

Torrhebus in the place of Tyrsenus, and makes him the

eponym of a district in Lydia. There was no connexion

between the Etrurians and Lydians in either language or

race, and the story in Herodotus rests solely on the sup-

posed resemblance of Tyrrhenus and Torrhebus. It is

doubtful whether Xanthus recognized the Greek legends

which brought Pelops from Lydia, or rather Mreonia,

and made him the son of Tantalus. The legends

must have grown up after the Greek colonization, of .^Eolis

and Ionia, though Dr Schliemann's discoveries at Mycenae

have shown a certain likeness between the art of earl/

Greece and that of Asia Minor, while the gold found there'

in such abundance may have been derived from the mines

of Tmolus, The second dynasty was also of divine origin,,

but the names which head it prove its connexion with the

distant East. Its founder, a descendant of Hercules and

Omphale, was, Herodotus tells ua (i. 7), a son of Ninus

and grandson of Belus. The Assyrian inscriptions have

shown that the Assyrians had never crossed the Halys, much
less known the name of Lydia, before the age of Assur-

bani-pal, and consequently the old theory which brought

the HeracUds from Kinevoh must be given up. But w^
now know that the case was otherwise with another

Oriental people, which was deeply imbued with the

elements of Babylonian culture. The Hittites had overrun

Asia Minor and established themselves on the shores of

the /Egean before the rei^n of the Egyptian king Ramses XL
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The subject allies who then fight under their banners

include the Masu or Mysians and the Dardani of the

Troad from Iluna or Ilion and Pidasa (Pedasus); and, if we

follow Brugsch, Duna should be read Mauna and identified

with Maeonia. At the same time the Hittites left me-

morials of themselves in.Lydia. Mr G. Dennis has dis-

cpvered an inscription in Hittite hieroglyphics attached to

the figure of " Niobe " on Sipylus, and a similar inscription

accompanies the fignre (in which Herodotus [ii. 106]

wished to see Sesostris or Ramses IL) carved on the clitt

of Karabel, the pass which leads from the plain of Sardes

to that of Ephesua We learn from Eusebius that Sardes was

first captured by the Cimmerians 1078 B.C.; and, since it was
four centuries later before the real Cimmerians appeared on

the horizon of history, we may perhaps find in the statement

a tradition of the Hittite conquest. Possibly the Ninus of

Herodotus points to the fact that Carchemish was called

"the old Ninus" (Amm. Mara,xiv. 8), while the mention

of Belus may indicate that Hittite civilization came from
the land of Bel (see Sayce, Trans. Soc. Biblical Arch., vii. 2).

At all events it was when the authority of the Hittite

satraps at Sardes began to decay that the Heraclid dynasty

arose. According to Xanthns, Sadyattes and Lixus were
the successors of Tylon the son of Omphale. After lasting

five hundred and five years, the dynasty came to an end
in the person of Sadyattss, as he is called by Nicolas

of Damascus, whose account is doubtless derived from
Xanthus. The name Candaules given him by Herodotus
meant "dog-strangler," and was a title of the LydianHermes.
Gyges, termed Gugu in the Assyrian inscriptions, Gog in

the Old Testament, put Mm to death and established the

dynasty of the Mermnads 690 B.C. (Euseb., 698 b. c). Gyges
initiated a new policy, that of making Lydia a maritime
power; but his attempt to capture Old Smyrna was
unsuccessful Towards the middle of his reign the king-
dom was overrun by the Cimmerians, called Gimirrae in

the Assyrian tests, Gomer in the Old Testament, who had
been driven from their old seats on the Sea of Azoflf by au
invasion of Scythians, and thrown upon Asia Minor by tha
defeat they had suffered at the hands of Esar-haddon.
The lower town of Sardes was taken by them, and Gyges
turned to Assyria for aid, consenting to become the
tributary of Assur-bani-pal or Sardanapalus, and sending
him among other presents two Cimmerian chieftains he
had himself captured in battle (about 660 b.c.). At first

no one could be found in Nineveh who understood the
language of the ambassadors. A few years later, Gyges
joined in the revolt against Assyria, which was headed by the
viceroy of Babylonia, Assur-bani-pal's own brother. The
Ionic and Carian mercenaries he despatched to Egypt en-
abled Psammetichus to make himself independent. Assyria,
however, was soon avenged. The Cimmerian hordes re-

turned, Gyges was slain in battle after a reign of thirty-
eight years, and Ardys his son and successor returned to
his allegiance to Nineveh. The second capture of Sardes on
this occasion was alluded to by Callisthenes (Strabo, xiii. p.
627). Alyattes the grandson of Ardys finally succeeded in
extirpating the Cimmerians, as well as in taking Smyrna,
and thus providing his kingdom with a port. The trade
and wealth of Lydia rapidly increased, and the Greek
towns fell one after the other before the attacks of the
Lydian kings. Alyattes's long reign of fifty-seven years
saw the foundation of the Lydian empire. All Asia
Minor west of the Halys owned his sway, and the six
years' contest he carried on with the Medes was closed by
the marriage of his daughter Aryenis to Astyages, and an
intimate alliance between the two empires. The Greek
cities were allowed to retain their own institutions and
government on condition of paying taxes and dues to the
Lydian monarch, and the proceeds of their commerce thus

flowed into the imperial exchequer. The result was that

the king of Lydia became the richest prince of his age.

Alyattes was succeeded by Croesus, who had probably
already for some years shared the royal power with his

father, or perhaps grandfather, as Floigl thinks (Geschichte

des semitischen Alterthims, p. 20). He reigned alone only
fifteen years, Cyrus the Persian, after an indecisive

battle on the banks of the Halys, marching upon Sardes,

aad capturing, both acropolis and monarch before his allies

could come to his help (Euseb., 616 B.C.). The place

where the acropolis was enterc-d was believed to have been
overlooked by the mythical Meles when he carried the

lion round his fortress which made it invulnerable ; it was
really a path opened by one of the landslips which have
reduced the sandstone cliff of the Acropolis to a mere shell,

and threaten in a few years to carry it altogether into the

jilain below. The overthrow of Croesns gave rise to many
legends among both Lydians and Greeks, and he was held

to have escaped death at the conqueror's hands through

the intervention of the gods. The revolt of the Lydians
under Pactyas, whom Cyrus had appointed to collect the

taxes, caused the Persian king to disarm them, though we
can hardly credit the statement that by this measure their

former warlike spirit was crushed. Sardes now became
the western capital of the Persian empire, and its burning

by the Athenians was the indirect cause of the Persian

War. After Alexander's death, Lydia passed to Antigonus
;

then Achieus made himself king at Sardes, but was defeated

and put to death by Antiochus. The country was pre-

sented by the Romans to Eumenes, and subsequently

formed part of the proconsular province of Asia. By the

time of Strabo (xiii. p. 631) its old language was entirely

supplanted by Greek.
The Lydian empire may "be described as the iudnstrial power of

the ancient woilu. The Lydians were credited with being the
inventors, not only of games snch as dice, huckle-bones, and ball

(Herod., i. 94), but also of coined money. The oldest known coins aro

the electrum coins of the earlier }Ierninads (Sladden, Coins of the

Jews, pp. 19-21), stamped on one side with a lion's head or the
figure of a ting Tvith bow and quiver; these were replaced by
CrcEsus with a coinage ol^pure gold and silver. To the latter

monarch were probably due the earliest gold coins of F.phesus
(Head, Coinage of Ephcstis, p. 16). Mr Head has shown that the
electrum coias of Lydia were of two kinds, one weighing ]68"4

grains for the inland trade, and another of 224 grains for the trade
with Ionia. The standard w!>s the silver "mina of Carchemish,"
as the Assyrians called it, which contained 8656 giains. Origin-

ally derived by the Hittites from Babylonia, but modified by
themselves, this standaid was passed on to the nations of Asia
Minor during the period of Hittite conquest, but was eventually
superseded by the Phoenician mina of 11,225 giains, and continued
to survive only in Cyprus and CUicia, The inns, which the
Lydians were said to have been the first to establish (Herod., i. 94),

were connected with their attention to commercial pui-suits. Their
literature has wholly perished, and the only specimen of their writ-

ing we possess is on a marble base found by Mr Wood at Ephesus
(Schliemann, Hios, p. 698). They were celebrated for their musio
and gymnastic e.iierciscs, and their ait formed a link between that

of Asia Minor and that of Greece. A marble lion at Achmetly re-

presents in a modified' form the Assyrian type, and the engraved
gems found in the neighbourhood of Sardes and Old Smyrna resemble
the rude imitations of Assyrian workmanship met with in (Cyprus

and on the coasts of Asia Minor. For a description of a pectoral

of white gold, ornamented with the heads of animals, human faces,

and the figiire of a goddess, discovered in a tomb on Tmolus, see

Academy, January 15, 1S81, p. 45. Lydian sculpture was probably
similar to that of the Phrygians as displayed at Doghanly, Kmnbet,
and AjTizin, a necropolis lately discovered by Mr Ramsay. Fballio

emblems, for averting evil, were plentiful ; even the summit of

the tomb of Alyattes is crowned with an enormous one of stone,

about 9 feet in diameter. The tumulus itself is 281 yards in
diameter and about half a mile in circumference. It has been
partially excavated by Spiegelthal and Dennis, and a sepulchral

chamber discovered in the middle, composed of large weU-cut and
highly polished blocks of marble, the chamber being 11 feet long,

nearly 8 feet broad, and 7 feet high. Nothing was found in it

except a few ashes and a broken vase of Egyptian alabaster. The
atone basement which, according to Herodotns, formerly surrounded
the mound has now disappeared. 'A. H. S.)
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LYELL, Sir Charles (1797-1875), oue of the greatest

of geological thinkers, was the eldest sou of Charles Lyell of

Kiunordy, Forfarshire, and was burn November 14, 1797,

on the family estate in Scotland. His father was a

man of literary and scientific tastes, known both as a

botanist and as the translator of the Vita Nuova and the

Convito of Dante. From his boyhood Lyell had a strong

inclination for natural history, especially entomology, a

taste which he was able to cultivate in the New Forest,

to which his family had removed soon after his birth.

He was educated chiefly at Midhurst, and then at Exeter

College, Oxford, where the lectures of Dr Bucklaud first

opened out to Lira that field of geological study which

became the passion of his life. After taking his degree

in 1821, he entered Lincoln's Inn, and in 1825, after a

delay caused by chronic weakness of the eyes, he was
called to the bar, and went on the western circuit for two

years. During the whole of this time, though not

neglecting his profession, he was slowly gravitating

towards the life of a student of science. In 1819 he

had been elected a member, of the Linnean and Geologi-

cal Societies, communicating his first paper, "On the

Marls of Forfarshire," to the latter society in 1822, and

acting as one of the honorary secretaries in 1823. In that

year he went to France, with introductions to Cuvier,

Humboldt, and other men of science, and in 1824 made a

geological tour in Scotland in company with Dr Buckland.

In 1826 he was elected a fellow of the Royal Society,

from which in later years he received both the Copley

and Royal medals ; and in 1827 he finally abandoned the

legal profession, and devoted himself to geology.

Long prior to this, however, he had already begun the

sketch of his principal work. The Principles of Geology.

The subsidiary title, " An Attempt to Explain the Former
Changes of the Earth's Surface by Reference to Causes now
in Operation," gives the keynote of the task to which Lyell

devoted his life, and in pursuance of which he made
geological tours over large portions of the Continent, and
in later years to Madeira and to the United States and
Canada, The journey undertaken with Murchison in 1828
was especially fruitful in results, for not only did it give

rise to two joint papers on the volcanic district of Auvergne
and the Tertiary formations of Aix-en-Provence, but it was
apparently while examining Signer Bonelli's collection of

Tertiary shells at Turin, and subsequently when (after

parting with Murchison) he studied the marine remains of

the Tertiary rocks of Iscliia and Sicily, that Lyell conceived

the idea of dividing the Tertiaries into three or four

principal groups, characterized by the proportion of recent

to extinct species of shells. To these groups, after consult-

ing Dr Whewell as to the best nomenclature, he gave the

names now universally adopted—Eocene (daivii of recent),

Miocene (less of recent), and Plipceue (more of recent) Upper
and Lower ; and with the assistance of M. Deshayes, who
had arrived by independent researches at very similar

views, he drew up. a table of shells in illustration of this

classification. The first volume of the Principles of Geo-

logy appeared in 1830, and the second in January 1832.

Received at first with considerable opposition, at least so

far as its leading theory was concerned, the work had ulti-

mately a groat success, and it had already reached a second
edition in 1833 when the third volume, dealing with the

successive formations of the earth's crust, was added.^

In August 1838 Lyell published the Elements of
Geology, which, from being originally an expansion of the

' Between 1830 and !872 eleven editions of this work were pub-
lished, each so nuicli enriched with new material and the results of
riper thought as to form a complete history of the progress of geology
during that interval. Only a few days before his death Sir Charles
lioubcd revisaig the 12lh edition, which appeared in 1876.

fourth book of the Principles, became a standard work ol

reference in stratigraphical and palceontological geology.
This book went through six editions in Lyell lifetime
(some intermediate ones being styled Manual ofElementary
Geology), and in 1871 u smaller work, the Student's
Elements of Geology; was based upon it. His third great
work, The Antiquity of Man, appeared in 1863, and ran
through three editions in oue year. In this he laid before
the world a general survey of the arguments for man's
early appearance on the earth, derived from the dis-

coveries of worked flint implements in Post-Pliocene strata

in the Somme valley and elsewhere, and in it also he first

gave in his adhesion to Darwin's theory of the origin of

species. A fourth edition appeared in 1873.

While thus occupied with his writings, Lyell lost no
opportunity of carrying out original investigations, and
whenever absent from his literary work in London was
always to be heard of in the field either in England or on
the Continent. In 1831 he held for a short time the post
of professor of geology at King's College, London, and
delivered while there a highly appreciated course of lectures,

which became the foundation of the Elements of Geology.

In 1832 he married Mary, eldest daughter of Leonard
Horner, who became thenceforward associated with him in

all his literary and scientific labours, aiding him sub-
stantially with her ready intellect, and by her pre-eminent
social qualities making his home a centre of attraction to
all men of talent. In 1834 he made an excursion to .Den-

mark and Sweden, the result of which was his celebrated

paper to the Royal Society, " On the Proofs of the Gradual
Rising of Land in Certain Parts of Sweden," and another

to the Geological Society, " On the Cretaceous and Tertiary

Strata of Seeland and Moen." In 1837 he was again in

Norway and Denmark, and in 1841 he spent a. year in

travelling through the United States, Canada, and Nova
Scotia. This last journey, together with a second oue to

America in 1845, when he visited Boston, Philadelphia,

New Orleans, and the alluvial plain of the Mississippi,

gave rise, not only to numerous original papers, but also

to the publication of two works not exclusively geological.

Travels in North America (1845) and A Second Visit to

the United States (1849). In the second work especially

he did much to promote good feeling between England
and America, by showing a just appreciation of American
society and institutions. It was in the course of these

journeys that he estimated the rate of recession of the

falls of Niagara, and of the annual average accumulation of

alluvial matter in the delta of the Mississippi, and studied

those vegetable accumulations in the "Great Dismal

Swamp "of Virginia, which he afterwards used in illustrat-

ing the formation of beds of coaL He also studied with

great care the coal-formations in Nova Scotia, and dis-

covered in company with Dr Dawson of Montreal the

earliest known land shell. Pupa vetusta, in the hollow stem

of a Sigillaria. But it was chiefly in bringing a thorough

knowledge of European geology to bear upon the nior«

widely extended and massive formations of the North

American continent that Lyell rendered immense service

to geologists on both sides of the Atlantic.

Besides these Transatlantic journeys Lyell undertook

geological excursions at difi"erent times to all parts of the

British Isles, to Belgium, Switzerland, Germany, Spain,

Madeira, and Tenorifle, in which latter islands, which he
visited in company with G. Hartung, he accumulated much
valuable evidence on the age and deposition of lava-beds

and the formation of volcanic cones. He also revisited

Sicily in 1858, when he made such observations upon the

structure of Etna as entirely refuted the theory of " craters

of elevation " upheld by Von Buch and lilie de Beau-

mont (see Jioy. Soc. Proc, 1859).
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Lyell received tUe honour of Icnigbthood in 1848, and

was' created a baronet in 18Gi, in which year ho was

president of the British Aseociation, meeting at Bath.

His services to the science of geology were now universally

recognized both at home ind abroad, and he was a member
of almost every Continental and American Society, He
was elected corresponding member of the French Institute

and of the Royal Academy of Sciences at Berlin, and was

created a kuight of the Prussian Order of Merit

During tne litter years of his life his sight, always

'(reak, failed him altogether, and he became very feebla

He died on February 22, 1875, in his seventy-eighth year,

and was buried in Westminster Abbey. His funeral was

attended by an immense concourse of public men, all his

personal friends ; for by young and old the veteran master

of geology was deeply loved and revered. His gentle

nature, his intense love of truth, his an-Kiety to help and
encourage those who cultivated his favourite science, en-

deared him to all who approached him ; while the extreme

freshness of his mind kept him free from that dogmatism

which is so often the accompaniment of old age, and

enabled him to accept and appreciate heartily the work of

younger men.

In order to apprecbto justly the influence of Lyell's works upon
the geology of the 19th century, it is necessary to bear in mind what
was the state- of knowledge upon this subject at the time when he
entered the field in 1822. The rival schools of\7emer and Button
were tb>»n at the height of their famous contest, and, while the vehe-

ment dijcnssions between the Neptunists and Vuleanists gave an
bnpetus to the study of rock-masses, the one true principle upon
which Hutton himself had so strongly insisted had dropped into

oblivion, namely, that " in examining things present we have data

from which to reason with regard to what has been," and that there-

fore we have no need to imagine other causes than those now in

action to account for the past. Meanwhile a reaction against the
Bpeculativo discussions which had so long occupied the world
inclined many of the leaders of geological study to confine them-
selves to the collection of facts, and the science became for a time
a mere branch of mineralogy, which, though most valuable in

layin" a true foundation, W.-13 quite inadequate to deal with the
earth s history, since it took little or no account of organic re-

mains, and their real significance was not in the least understood.
Both in England and France, however, materials were being ac-

cumulated which prepared the way for a wider basis. In 1799
William Smith, travelling over England, first grouped the for-

mations according to the fossils contained in them, and in 1815 ho
published his geological map of England, thus making the first step
in stratigraphical geology ; and almost simultaneously, in 1812,
Cuvier's restorations of the extinct mammalia of the Paris basin^
and Lamarck's classification of recent and fossil shells, gave the
first impulse to paleontology. But the older schools of geologists,

hampered by preconceived theories, were not prepared to make full

nse of the new facts. Cuvier himself, while insisting on the value
ef fossih in the chronology of the earth, yet retained all the old
notions of sadden and violent convulsions, attributing the destruc-
tion of the fauna of the Paris basin to the deluge, or to the bursting
of lakes caused by a sudden revolution of the globe ; and in like
manner Buckland, .Sedgwick, and their compeers still explained
everything by the diluvial theory, attributing the erratic blocks
strewn over the Continent to the universal deluge, and accepting as
demonstrated filie de Beaumont's theory of the sudden elevation of
mountain chains. Sedgwick in his address to the Geological Society
in 1834 even spoke confidently of the extinct forms in geological
ttrata as "indications of change and of an adjusting power alto-
gether different from what we commonly understand by the laws of
nature."

To shake off the influence of preconceived opinions snclTas these
;hcre was needed a fresh impartial mind capable of appreciating the
svidencc which had been accumulating during the past thirty years,
»nd especially alive to the discoveries of palaeontology. These
requisites were found in Lyell. His early study of natural history
gave him advantages possessed by few of his contemporaries, while
the clear insight and calm judgment for which he was thus early
.-emarkaWe led him alone of the younger school of geologists to grasp
the truth enunciated by Hutton of the power of gradual changes to
croduce great results if only time enough be allowed. This truth
he illustrated with such a wealth of facts, derived from his own
observation and that of others, that in the first edition of the
Principles we find sketched in broad outline, and demonstrated by
actual examples, nearly .all those fundamental truths which, though
often vehemently opposed at the time, have now become so much

the accepted b.asis of geology that it is difficult to realize how novcj
they were in 1830.

Even the opening historical chapters cut boldly at the root ol

catastrophic geology by showing how the prejudices concerning thp
short duration of past time on theglobeliatlled-men tothemistftkei*
conclusion that "centuries were implied where the characters

imported thousands, and thousands where the language ot
nature signified millions"; and the arguments for the uniform
action of nature followed with overwhelming force, as Lyell pro-

ceeded to lay under contribution all countries of the world to show
how the face of the earth is now being altered by rivers, torrents,

springs, currents and tides, volcanoes and earthquakes.

In the second volume the changes in the organic world were used
to teach the same lesson. The proofs of extinction of specifis

forms in historical times were accumulated to explain that the
presence ot extinct forms in geological formations was the effect

of gradual causes and not of sudden and violent catastrophes,

while the tranquil imbedding of organic remains now in progress

was used to strengtlien the previous argument derived flom in-

organic causes for the slow and gradual accumulation of fossiliferous

strata. It was in this volume that Lyell made in 1830 his cele-

brated attack upon Lamarck's theory of the transmutation of species,

and, though this has often been held as a want of appreciation on
his part of the arguments of the great naturalist, yet, as we shall

see presently, it was really a curious illustration of the impartiality
of Lyell's mind (though acting under what he himself would have
called the influence of "inherited belief") that this theory, so
eminently calculated to harmonize with his own views of the power
of minute causes to work appreciable change, was rejected by him
because it rested upon an assumption of a law of innate progrrssive
development, which could not be shown to be in accordance with
natural facts. >-'

The third volume of the Principles, which did not appear"T;iB

two years later, completed the task which Lyell had set himself, by
interpreting the fragmentary record which remains to us of the
successive geological formations of the earth's crust with thcit

imbedded remains and the associated volcanic rocks, and thus re-

storing as far as possible the past history of the earth. Through
all its successive editions this volume has remained the standard
text-book of geological history, as its two predecessors have of the
philosophical principles of the science.

So immediate w.as the effect of this remarkable work that from
the time of its publication the earlier cosmogonies disappeared from
the field, and even Cuvier's Theory of Ike Earth never reached
another edition. Yet, although geologists began insensibly to follow

the lines which Lyell had marked out, they were long in receiving
the principles upon which these were founded. Sedgwick, in the
address already quoted, while pronouncing a eulogy on the book as a
whole, regretted that " from the very title-page of his work Jlr LyiU
seems to stand forward as the chainpion of a great leading doctiioc
of the Huttonian hypothesis, " i.e. , the explanation of former changfs
by reference to causes now in operation ; and Lyell's oldest friend arrf

fellow-labourer Murchison remained to the last the exponent of tlie

converse tnith, that we have no evidence forbidding the possibilily
of a greater intensity of the forces in action during past period;).

This form of catastrophic geology has indeed always prevailed upon
the Continent, and still does so in a great degree. There is, how-
ever, nothing necessarily antagonistic in the two theories ; an4,
if Lyell in his earlier years accentuated perhaps somewhat t •>

strongly the necessity for making unlimited drafts upon the "hajk
of time," as he often called it, to the exclusion of intensified vol-

canic or aqueous action, it was because he had to combat the
opposite and deeply rooted error.

Between the year 1853, when the 9th edition ot the Principla' was
published, and 1863, when he " read his recantation," as he hiinsell

would sometimes express it, in the Antiquity of Man, the disccTery
of the flint implements associated with bones of extinct mamiaalia
at Abbeville, and subsequently in the valley of the Thames and else-

where, threw an entirely new light upon the data of livman
existence upon the earth, allowing far more time for the develop-

ment of the numerous varieties of mankind than had hitherto been
supposed possible. In conjunction with these discoveries came also

the evidence adduced by Darwin and Wallace of the action of n?tujal

causes in prsducing modifications in living forms,—thus app(ying
the very same principle to organic life which Hutton and Lyell had
used to explain the gradual modification of the earth's surface. Then
it was that Lyell, who had rejected Lamarck's theory because it

rested on a purely imaginary law of innate progressive development,

at once accepted "natural selection" as a vera causa helping to
explain those evidences of the gradual change in organic forms pre-

sented in successive geological formationa By recognizing the vain?
of the new principle, and incorporating its results in his Principles,

Lyell completed in 1872 in a fuller sense than he had contemplated
in 1850 the task of " explaining former changes of the earth's

surface (including the history of its living inhabitants^ by reference

to causes now in action " ; while at the same time h^ gave to his
original conception that clement of expansion and plialuhty whicb
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fras alone needed to ensure its continued Influence and the per-

manent celebrity of its aiitlior.

Besides his books, Lyell contributed seventy-six geological papcra to various
Societies. Tile only nutlioiitiea yet publlsticd ?or hia life are Li/e and Letters of
Sir Charles Lijelt, 18SI, edited by Mia LycU, aad ttje obituary notices in 1875 at
tlje Royal and other Societies. . (A. B. B.)

LYLY, or Lilly, or Lylie, John (1553-1606), the

famous author of Euphues, was born in Kent in 1553 or

1554. At the age of sixteen, according to Wood, he

became a student of Magdalen College, Oxford, where in

due time he proceeded to his bachelor's and master's

degrees (1573 and 1575), and from whence we find him
in 1574 applying to Lord Burghley " for the queen's letters

'to Magdalen College to admit him fellow," The fellow-

ehip, however, was not granted, and Lyly shortly after left

the university. Ho complains of what seems to have been

a sentence of rustication passed upon him at some period

in his academical career, in his address to the gentlemen

scholars of Oxford affixed to the second edition of the first

part of Eitphues, but in the absence of any further evidence

it is impossible to fix either its date or its cause. If wc
are to believe \Vood, ho never took kindly to the proper

studies of the university. " For so it was that his genius

being naturally bent to the pleasant paths of poetry (as if

Apollo had given to him a wreath of his own bays without

snatching or struggling) did in a manner neglect academical

studies, yet not so much but that lie took the degrees in

arts, that of master being compleated 1575." After he left

Oxford, where he had already the reputation of " a noted

wit," Lyly seems to have attached himself to Lord Burghley.

"This noble man," he writes in the " Glasse for Europe,"

in the second part of Euphuea (1580), " I found so ready

being but a straunger to do me good, that neyther I ought
to forget him, neyther cease to pray for him, that as he
hath the wisdom of Nestor, so he may have the age, that

having the policies of Ulysses he may have his honor,

worthy to lyve long, by whom s^o many lyve in quiet, and
not unworthy to be advaunced by whose care so many have

been preferred." Two years later we possess a letter of

Lyly to the treasurer, dated July 1582, in which the writer

protestsagainstsomeundefined accusation which had brought
him into trouble with his patron, and demands a personal

interview for the purpose of clearing his character. What
the further relations between them were we have no means
of knowing, but it is clear that neither from Burghley nor

from the queen did Lyly ever receive any substantial

patronage. In 1578 he began his literary career by the

composition of EupJiues, or the Analomy of Wit, which was
licensed to Gabriel Cawood on December 2, 1578, and
published in the spring of 1579. In the same year the

author was incorporated M.A. at Cambridge, and possibly

saw his hopes of court advancement dashed by the appoint-

ment in July of Edmund Tylney to the office of master of

the revels, a post at which, as he reminds the queen some
years later, he had all along been encouraged to " aim his

courses." Euphues and his England appeared in 1580, and,

like the first part of the book, won immediate popularity.

For a time Lyly was the most successful and fashionable

of English writers. He was hailed as the author of " a new
English," as a "raffineur de I'Auglois;" and, as Edmund
Blount, the editor of his plays, tells us in 1632, "that
beautio in court which could not parley Euphuism was as

little regarded as .she which nowe there speakes not French."

After the publication of Enphues, however,. Lyly seems to

have entirely deserted the novel form himself, which passed

into the hands of his imitators, and to have thrown himself

almost exclusively into play-writing, probably with a view

to the mastership of revels whenever a vacancy should

occur. Eight plays by him were probably acted before

the queen by the children of the Chapel Royal and the

ohildc;en of St Paul's between the years 1584 and 1589,

one or two of them being repeated before a popular

audience at the Blackfriars Theatre. Their brisk lively

dialogue, classical colour, and frequent allusions to persons

and events of the day maintained that popularity with the

court which Enphues had won. In 1589 Lyly published

a tract in the Martin Marprelate controversy, called Pappe
luith an hatchet, alias a fiygefor my Godsonne ; Or Crack

me this nut ; Or a Countrie Cuffe, d'c.^ About the same
time we may probably date his first petition to Queen
Elizabeth. The two petitions, transcripts of which are

extant among the Harleian MSS., are undated, but in the

first of them he speaks of having been ten years hanging

about the court in hope of preferment, and in the second

he extends the period to thirteen years. It may be con-

jectured with great probability that the ten years date from

1579, when Edmund Tylney was appointed master of the

revels with a tacit understanding that Lyly was to have

the next reversion of the post. " I was entertained your

Majestie's servaunt by your own gratious favor," he says,

"strengthened with condicions that I should ayme all my
courses at the Eevells (I dare not say with a promise, but

with a hopeful Item to the Revercion) for which these ten

yeres I have attended with an unwearyed patience." Bnt
in 1589 or 1590 the mastership of the revels was as far

off as ever,—Tj'lney in fact held the post for thirty-one

years,—and that Lyly's petition brought him no compensa-

tion in other directions may be inferred from the second

petition of 1593. "Thirteen yeres your bighnes servant

but yet nothing. Twenty freinds that though they saye

they will be sure, I finde them sure to be slowe. A
thousand hopes, but all nothing ; a hundred promises but

yet nothing. Thus casting up the inventory of my friends,

hopes, promises, and tymes, the svm7na totalis amounteth

to just nothing." What may have been Lyly's subsequent

fortunes at court we do not know. Edmund Blount says

vaguely that Elizabeth " graced and rewarded " him, bnt

of this there is no other evidence. After 1590 his works

steadily declined in influence and reputation ; other stars

were in possession of the horizon ; and so far as we know
he died poor and neglected in the early part of James I.'s

reign. He was buried in London at St Bartholomew the

Less on November 20, 1606. He was married, and we
hear of two sons and a daughter.

Comedies.—In 1632 Edmund Blount putlishod "Sis CourtCome-
dies," including fiirfi/mtoft, Sappho and Phao, Alexander and Cam-
paxpe, Midas, Mother Sombie, and Gallathea. To these should
be added the Ifoman in. the Moonc (Lyly's earliest play, to

judge from a passage in the prologue and therefore earlier than
1584, the date, of Alexander and Campaspe], and Love's Meta-
morphosis, first printed in 1601. Of these, all but the last are in

prose. A IVarningforFaire IVomen (1599) and The Maid's Metamor-
pAusi's (1600) have been attributed to Lyly, baton altogether insuffi-

cient grounds. The. first editions of all these plays were issued

between 1584 and 1601, and the majority of them between 1584 and
1692, in what were Lyly's most successful and popular years. His
importance as a dramatist lias been very differently estimated. Prof.

Minto dc;nies him any appreciable influence upon our literature,

while Professor A. Ward, on the other hand, rightly believes his

work to have bad a great effect upon the development of dramatic
dialogue, and the prose drama in general. Lyly's dialogue is still

a long way removed from thadialoguo of Shakespeare. But at the
same time it is a great advance in rapidity and resource upon any-
thing which had gone before it ; it represents an important step id

EngUsh dramatic art. His nimbleness, and the wit which struggles"^

with his pedantry, found their full development in the dialogue of
|

TtticJflh Night awii Much Ado aboiU yoChing, juat as "Marlowe's
mighty lino " led up to and was eclipsed by the majesty and music
of Shakespearian passion. One or two of tlie songs introduced into

his plays are justly ^ainons, and show a real lyrical gift. Nor in

estimating his dramatic position and his effect upon his time must
it be forgotten that his classical and mythological plots, flavourless

' Tito evidence for his authorship may bo found in Gabriel non'ejr's

Pierce's Supererogation (written November 15S9, published 1593), in

Nash's Have with you to &tffro)i ^Val(ten (1590), aad in various

allusions in Lyly's own plays See Fairholls Lramalie Works iff

John LiUy, vol. i. p. 20.
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and dull as they would be to a modem audience, were charged with
iuterest to those courtly hearers who saw in Midas Philip II.,

Elizabeth in Cynthia, and perhaps Leicester's unwelcoioe niarriage

with Lady Sheffield in the love affair between Endymion and Tcllus

which brings the former under Cynthia's displeasure. As a matter.

of fact his reputation and popularity as a play-writer were consider-

able. Gabriel Harvey dreaded lest Lyly should make a play upon
their quarrel ; Meres, as is well known, places him among "the best

for comedy ; " and Bon Jonson names him among those foremost
rivals who were " outshone " and outsung by Shakespeare.

Enphuea.—Itwns not, however, as a dramatist, but as the author
of Euphues, that Lyly made most mark upon the Elizabethan world.

His plays amused the court circle, but the " new English " of his

novel threatened to permanently change the course of English style.

The plot ofEiiphitcs is extremelysimple. The hero, whose name may
very possibly have been suggested by a passage in Ascham's School-

master, is introduced to us as still in bondage to the follies of youth,
" preferring fancy before friends, and this present humour before

honour to come." His travels bring him to Naples, where he falls in

love with Lucilla, the governor's light-minded daughter. LuciUa is

already pledged to Eupliues's friend PhUautns, but Euphues's passion
betrays his friendship, and the old lover finds himself thrown over
by both friend and mistress. Euphues himself, however, is very
Boon forsaken for a more attractive suitor. He and Philautus make
up their quarrel, and Euphues writes his friend "a cooling card,"
to be " applied to all lovers," which is so severe upon the fair sex
that Lyly feels it necessary to balance it by a sort of apology
addressed "to the grave matrons and honest maidens of Italy."
Euphues then leaves Naples for his native Athens, where he gives
himself up to study, of which the first fruits are two long treatises

—

the first, " Euphues and his Ephcebus," a disquisition on the art
of education addressed to parents, and the second, " Euphues and
Atheos," a discussion of the first principles of religion. The
remainder of the book is filled up mth correspondence between
Euphues and his friends. We have letters from Euphues to Phil-
autus on the death of Lucilla, to another friend on the death of his
daughter, to one Botonio "to take his exile patiently," and to the
youth Alcius, remonstrating with' him on his bad behaviour at the
university. FinaOy a pair of letters, the first from Livia " at

the emperour's court to Euphues at Athens," answered by
"Euphues to Livia," wind up the first part, and announce to us
Euphues's intention of visiting England. An address from' Lyly to
Lord Delawarr is affixed, to which was added in the second edition
"An Address to the Gentlemen-Scholars of England."
Euphues and his England is rather longer than the first part.

Euphues and Philautus travel from Naples to England. They
arrive at Dover, halt for the night at Fidus's house at Cantcrbuiy,
and then proceed to London, where they make acquaintance with
Surius, a young English gentleman of great birth and noble blood

;

Psellus, an Italian nobleman reputed "great inmagick"; Martius, an
elderly Englishman; CamOla, a beautiful English girl of insignificant
family; Lady Flavia and her niece Fraunces. After endless corre-
spondence and conversation on all kinds of topics, Euphues is

recalled to Athens, and from there corresponds with his friends.
" Euphues" Glasse for Europe " is a flattering description of Eng-
land sent to Liv^a at Naples. It is the most interesting portion of
the book, and throws light upon one or two points of Lyly's own
biography. The author naturally seized the opportunity for paying
his inevitable tribute to the queen, and pays it in his most exalted
style. " fortunate England that hath such a queene, ungratefull
if thou praye not for hir, wicked if thou do not love hir, miserable
if thou lose hir ! "—and so on. The book ends with Philautus's
announcement of his marriage to Fraunces, upon which Euphues
sends characteristic congratulations and retires, " tormented in body
and grieved in mind," to the Mount of Silexedra, "where I leave
him to his musing or Muses."
Such is a brief outline of the book which for a time set the

fashion for English prose. Two editions of each part appeared
within the first year after publication, and thirteen editions of both
are enumerated by Mr Arber up to 1636, after which, with the
exception of a modernized version in 1718, Etiphues was never
reprinted until 1868, when Mr Arber took it in hand. The reasons
for its popularity are not fj,r to seek. As far as matter was con-
cemed it fell in with all the prevailing literary fashions. Its long
disquisitions on love, religion, exUe, women, or education, on court
life and country pleasures, handled all the most favourite topics in
the secularized speculation of the time ; its foreign backgrouud and
travel talk pleased a Society of which Lyly himself said "trafic and
travel hath woven the nature of all nations into oure and made this
land like asras full of device Which was broadcloth full of workman-
ship ; " and, although Lyly steered clear in it of the worst classical
pedantries of the day, the book was more than sufficiently steeped
in classical learning, and based upon classical material, to attract a
literary circle which was nothing if not humanist A large pro-
portion of its matter indeed was drawn from classical sources. The
fjeneral tone of sententious moralizing may be traced to Plutarch,
f'-om whom the treatise on education, "Euphues and his Ephosbus,"

and that on exile, "Letter to Botonio to take his exile patiently,"
are literally translated, as well as a number of other shorter passages
either taken direct from the Latin versions or from some of the
numerous English translations of Plutarch then current. The in-

numerable illustrations based upon a kind of pseudo natural history
are largely taken from Pliny, wliile the mythology is that of Virgil v

and Ovid.

It was not the matter of Euphues, however, so much as the style

which made it famous. The sources of Lyly's peculiar style have
only recently been satisfactorily traced by a German scholar,

Dr Landmann, wliose interesting and well arranged pamphlet we
need do little more than summarize (Landmann, I)cr Eupkuismvs,
sein Wesen, seine Quelle, seine Qcschichte, kc, Giessen, 1881).
What, asks Dr Landmann, is Euphuism, properly so called? Thj
term tUl now has been generally used as if it included nil the
atfected modes of speaking and writing in vogue in England during
the 16th century. If has even been made to cover all the corrup-
tion of English taste from Surrey to Dryden ; and the commvin ,

mode of explaining it has been to say that it was a mere " exnggir- I

ation of the Italianating taste which had begun with the revival of

our poetical literature" under Henry VIII. In reality, howeviir, '

Euphues has very little to do with the other affectations "of the time.

Its chief characteristics, to quote Dr Landmann, are " a peculiar

combination of antithesis witn alliteration, assonance, rhyme, aud
play upon words, a love for the conformity and correspondence of

parallel sentences, and a tendency to accumulate rhetorical figures,

such as climax, the rhetorical question, objections and refutatious,

the repetition of the same thought in other forms, &c." To this

may be added constant references to antiquity and a great fondness
for comparisons drawn from a sort of fabulous natural historj*. On
the other hand the style is free from what Puttenham calls

"mingle mangle," that is to say, from the pedantic and indiscri-

minate use of foreign or Latinized words, ana also from the hyper-
bolical extravagances of the Petrarchians. Lyly's peculiarities, a^i

those of syntax and construction rather than of phraseology.

Compared to that of the Surrey school, his diction is simple aud
direct, and he himself declares that he does not pretend to jjleasa

those " Englishmen wlio desire to heare finer speech than the lan-

guage will allowe," that is to say, the lovers of the Italianate

circumlocutions which ruled English poetry from Surrey to Spenser.

His work then is not simply to be regarded as the outcome of the
classical and Italian influence at work in England since the begin-

ning of the century. It has individual features which have to be
accounted for, and which have now been traced with certainty by
Dr Landmann to the influence of one foreign author—Don Antonio
de Guevara [q.v.). Guevara's chief work vias El Zibro Anrco de
Marco Aurelio (1529),—a sort of historical romance based upon
Plutarch and upon Marcus Aurelius's Meditations, the object of

which was to produce a '

' mirror for princes," of the kind so popular
throughout the Kenaissance. AVithin the year of its publication

Guevara issued an enlarged edition of his book, calling it Zibro del

Empcrador Marco Aurelio con rclox de Principes; and a number of

fresh editions and of translations into almost every European lan-

guage followed. The book became almost immediately popular in

England. The first edition, or rather a French version of it, was
translated into English by Lord Berners in 1531, and published in

1534. Before 15G0 twelve editions of Lord Berners's translation had
been printed, and before 1578 six difl'erent translators of this and
later works of Guevara had appeared. The translation, hgwerer, /

which had most influence upon English literature was that by North,

;

the well-known translator of Plutarch, iu 1568, called The Dialfor\
Princes, Compiled by the Scvercnd Father in God Dm, Antony of-

Qucvara, Byshop of Gvtadix, etc. , Englished out of the Frenche by Th.

North. It was from this book, and from certain otlur translations

from Guevara, of which a full account will be found in Dr Land-
mann's pamphlet, that Lyly borrowed his peculiar style, and even a
certain small proportion of his material. The sententious and anti-

thetical style of the Dial fcrr Princes 'ia substantially that of

Euphues, though Guevara on the whole handles it better than bis

imitator, and has many passages of real force and dignity. The
general plan of the two books is also much the same. In both the ;

biography is merely a peg on which to hang moral disquisitions and
treatises. The use made of letters is the same in both. Even the

names of some of the characters are similar. Thus Guevara's Lucilla

is tlie flighty daughter pf Marcus Aurelius. Lyly's Lucilla is the

flighty daughter of Ferardo, governor of Naples ; Guevara's Liria is

a lady at the court of Marcus Aurelius, Lyly's Livia is a lady at the

court "of the emperor," of whom no further description is given.

The 9th, 10th, 11th, and 12th chapters of the Dial for Princes sug-

gested the discussion between Euphues and Atheos. The letter

from Euphues to Alcius is substantially the same in subject and
treatment as that from Marcus Aurelius to his nephew Epesipo.

Both Guevara and Lyly translated Plutarch's work De Educations

Liberorum, Lyly, however, keeping closer than the Spanish author

to the original. The use made oy Lyly of the university of Athens
was an anachronism in a novel intended to describe his own time.

He borrowed it, however, from Guevara, in whose book a uni'^ersit;
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of Athens ^raToF course entirely in place. The " cooling card for

all fond lovers" and the address to the ladies and gentlemen of

Italy have their counterparts among the miscellaneous letters by

Onevara affixed by North to the Dial for Princes ; and other

instances of Lyly's nse of these letters, and of two other treatises

by Guevara on court and country life, could be pointed out.

Lyly was not the first to appropriate and develop the Guevaristio

style. Tlie earliest book in which it was fully adopted was

A petite Pallace of Peltic his Pleasure, by Gi-orge Teltie, which

appeared in 1576, a production so closely akin to £iiphucs in tone

and style that it is difficult to believe it was not by Lyly. Lyly,

)iowever, carried the style to its highest point, and made it the

dominant literary fashion. His principal followers in it were

Greene, Lodge, and Nash, his principal opponent Sir Philip Sidney;

the Arcculia in fact supplanted Eupluus, and the Euphuistic tasto

proper may be said to have died out about 1590 after a reign of

Boiue twelve years. According to Drayton it was Sidney's chief

merit that

—

"He did first reduce
Our tonETie from LilUe's writing ttien !n nse,

Tolling of Siones, Stars, Plants, of Fislien, Flyes,

Playing witli words and idle similies,

As til' English ^pes and very Zanit-s b.

Of eveiytjiing that tl'ey doe heare and see,

So imitating his rcdiculoiis ttlcka

They spalte and writ all like meere Innatltiues."

Shakespeare, Dr Landmann maintains, cannot strictly speaking be

said to have ridiculed Euphuism. Love's Labour Lust is a cari-

cature of the Italianate and pedantic fashions of the day, not of the

peciiliar style of £iijihiics. The only certain allusion in Shakespeare

to the characteristics of Lyly's famous book is to be found in Henry

IV., where Falstaif, playing the part of the king, says to Prince Hal,

" Harry, I do not only marvel where thou spendest thy time, but

also how thou art accompanied ; for, though the camomile the more

it is trodden on the faster it grows, yet youth the more it is wasted

the sooner it wears." Here the pompous antithesis is evidently

meant to caric.itnre the peculiar Euphiustic sentence of court par-

lance. That Shakespeare indeed was well acquainted with what

was the court manual of his youth, and at limes reprodtices both

ideas and phrases from it, has been amply proved by llr Rushton,

the German critic Hense, and others, but there is no evidence of

antagonism between' the two writers. It might have been otherwise

had Lyly's Euphuism affected his jilays. But these show little or

no trace of Guevara's influence ; their faults are the common faults

of Elizabethan writing, from many of which Shakespeare himself was

not free.

See Euphucs, from early editions, by Eilward Arber, 1868 ; Pro-

fessor Ad. Ward's English Drantatic Literature, i. 151 ; Collier's

History of Dramatic Poetry, iii. 172 ; John Lilly and Shakespeare,

by C. C. Hense in the Jahrbuch cler deutschen Shakesp. Gcselhchaft,

rols. vii. and viii. (1872, 1873); F. W. Fairholt's X»ra»i«Wc Works

ef John Lilly, 2 vols., 1858; Shakespeare's Eujihuism, by \V. L.

Kusliton ; "Euphuism" in the Quarterly Hevicw, 1861. (M. A.W.)

LYMINGTON, a municipal and parliamentary borougli

ftnd seaport town of Hampshire, England, is situated on

the Lym at its entrance to tlie Solent opposite the Isle

of Wight, 94 miles south-west of London and 15 south of

Southampton. The parish church, dedicated to St Thomas
b, Becket, is an irregular structure, dating from tho reign

of Henry VI., but frequently restored. There are two
grammar schools and several charities. The manufacture

of salt and of Epsom salts has been declining for some
years. A building yard here has turned out some of the

imist famous racing yachts. In summer tho town is much
frequented for sea-bathing. Lymington in Domesday ia

called Lentune, changed afterwards to Limentum. It was

a borougli by prescription, and received a grant of incor-

poration from James L From tho 27th of Elizabeth till

1867 it returned two members to parliament, and it still

returns one. The population of the municipal borough

(141 acres) was 2431 in 1881, and that of the parliamentary

borough (4769 acres) 5462.

LYNCHBURG, a city in Campbell county, Virginia,

U.S., is finely situated on the rising ground to the south

ol the James river 144 miles by rail, west by south of

Ilichmond. Having excellent facilities of communication

by the Richmond and Allegheny, the Norfolk and Western,

and the Virginia Midland Railways, together with iho

James River canal, and possessing abundant water-power

and immediate access to coal and iron, Lynchburg lias

become the seat of no small commercial aud industrial

activity. The tobacco trade, which formerly rendered it

the wealthiest city of its size in the United States, except

New Bedford, Mass., is still.the staple; there are about

eighty factories in the town, and the amount of tobacco

sold in 1870-71 was 17,425,439 lb, while in 1880-81 it

was 26,000,000 lb. Most of the operatives are negroes

—

men, women, and children all being employed. The local

iron-works and flour-mills are of some importance, and
large machine-shops are maintained at Lynchburg by the

Norfolk and Western Railway. Two reservoirs, constructed

in 1828 and 1878, supply the town with water. TLo
population was 8067 in 1850, 6853 in 1860, €825 (3353
coloured) in 1870, and 15,959 in 1880.

The town dates from 1786, and derives its name from a Mr Lynch
who served in the war of iudepcndence and is erroneonsly credited

by some with the origination of the term LyuL'h law. It was incor-

porated as a city in 1805. Dating the civil war it was a point

of great importance to the Confederates as a base of supplies.

LYNCH LAW, a term used in the United States to

characterize the action of private individuals, organized

bodies of men, or disorderly mobs, who, without legal

authority, proceed to punish by hanging or otherwise real

or suspected criminals, without a trial according to the

ordinary forms of law. The origin of the term is doubt-

ful. American lexicographers generally refer it to the

practice of a Virginia farmer of the 17th century, named
Lynch, who, when he caught a wrongdoer, was wont to tie

him to a tree and flog him, without waiting to summon
the officers of the law. He is also said to have acted,

by request of his neighbours, though without any legal

authority, as a judge in the summary trial of persons

accused of crime. Others trace the origin of the name to

the act of James Fitzstephen Lynch, mayor and warden

of Galway, Ireland, in 1493, who is said to have "banged

his own son out of the window for defrauding and killing

strangers, without martial or common law, to show a good

example to posterity." Others trace it still further to the

old Anglo-Saxon verb linch, meaning to beat with a club,

to chastise, &c., which they assert has survived in this

cognate meaning in America, as have many other words

and expressions long obsolete in Great Britain. While

lynch law does not prevail in the old and well-settled States

of the Union, and is almost universally deprecated, it is

sometimes resorted to even in these States, in times of

great popular excitement, or when the legal penalty seems

disproportioned to the enormity of the offence. For

example, the practice of lynching is said to have increased

in Wisconsin since the abolition of the death penalty by

law. Lynch law prevailed to a large extent in the early

history of California, Oregon, Nevada, Kansas, Colorado,

and other western States and Territories, and during the

border troubles attending the outbreak of the civil war.

Bodies of citizens, organized secretly or openly under the

well-known names of " vigilance committees," " vigilantes,"

"regulators," "law-and-order-men," kc, punished with

summary severity, and generally with wise discretion,

horse thieves, highway robber.?, burglars and swindlers, as

well as murderers. Certain rude forms of trial were

generally observed, but acquittals were rare, and the

punishment was usually death by hanging. Tho practice,

however barbarous under tho conditions of well-settled

government and society, has its justification in necessity

in the newly-settled districts, frontier towns, and mining

camps, where a rapid and extraordinary influx of popula-

tion has preceded the establishment of civil governmcut,

or where tho assembling of a large number of bold and

hardened desperadoes has enabled them to defy the legally

constituted authorities, and to'commit crime at will, until

suppressed by tho voluntary and concerted action of the

order-loving portion of the community.
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LYNDHURST, John Sisoleton Copley, Baeon

(1772-1863), four times lord chancellor of England, was

born at Boston, New England, in 1772. His father, son

jf an Englishman, but also a native of Boston, was a
painter of very considerable note, who settled in London
just before the commencemeat of the war of American
independence. The son studied at Cambridge, where he
was second wrangler and fellow of Trinity. Called to the

bar in 1804, he gained a considerable practice; but it was
not till 1817 that he began to cOmo to the front. In that

year he was one of the counsel for Dr Watson, tried for

his share in the Spa Fields riot. On this occasion Copley
so distinguished liimself as to attract the attention of

Castlereagh and other Tory leaders, under whose patronage
lie entered parliament, and was advanced to the highest

legal positions, becoming solicitor-general in 1 81 9, attorney-

general in 1824, and lord chancellor in 1827, with the
title of Lord Lyndhurst. Before being thus taken up by
the Tories, Copley was a man of the most advanced views,

a republican and Jacobin ; and his accession to the Tories
naturally excited a good deal of comment, which he bore
with the greatest good humonr. He gave a brilliant and
eloquent bat by no means rancorous support to all the
reactionary measures of his chief. The same year that he
became-solicitor-general he married a fashionable wife, and
began to take a conspicuous place in society, in which his

noble figure, his ready wit, and his never-failing bonhomie
made him a distinguished favourite.

As solicitor-general he took a prominent part in the trial

of Queen Caroline. To the great Liberal measures which
marked iha end of the reign of George IV. and the-

beginning of that of William IV. ha gave a vigorous
opposition. During the Melbourne administration from
1835 to 1841 he figured conspicuously as an obstructionist

from his seat in the House of Lords. In these years it

was a frequent practice with him, before each prorogation
of parliament, to entertain the House with a " review of
the session,". ia which he mercilessly attacked the Whig
Government. His former adversary Lord Brougham, now
ineffably disgnsted at his treatment by the Whig leaders,

soon became his most powerful ally in opposition ; and
the two dominated the House of Ijords. Throughout all

the Tory Governments from 1827 Ljndhurst held the
chancellorship ; and in the Peel administration (1641-46)
he resumed that office for. the fourth and last time. As
Peel never had much confidence in Lyndhurst, the latter

did not exert so great an influence in. the cabinet as his

position and experience entitled him to do. But he con-
tinued a loyal member of the party. As in regard to
Catholic emancipation, so in the agitation against the corn
laws, he opposed reform till his chief gave the signal for
concession, and then he cheerfully obeyed. After 1846
And the disintegration of the Tory party consequent on
Peel's adoption of free trade, Lord Lyndhurst was not so
assiduous in his attendance in parliament. Yet he con-
tinued to an extreme old age to take a lively interest in
public affairs, and occasionally to astonish the country by
the power and brilliancy of his speeches. That which he
made in 1853, in denunciation of the aggressive policy of
the Bussian emperor Nicholas, made a sensation in Europe

;

throughout the Russian war he was a strong advocate of
the energetic prosecution of hostilities. In 1859 he
denounced with his old energy the restless ambition of
Napoleon III. When he was released from the trammels
of an official position, he came forward somewhat as the
advocate^ of liberal measures. Ho strenuously supported
the admission of Jews into parliament; his second wife
was a Jewess. Under the influence of Mrs Norton he
appeared also as the advocate of women's rights in

-luestions of divorce. At the age of eighty-four he passed

the autumn at Dieppe, " helping to fly paper kites, and
amusing himself by turns with the writings of the Greek and
Latin fathers on divorce and the amorous novels of Eugene
Sue." His last speech, marked by " his wonted brilliancy

and vigour," was delivered in the House of Lords at the

age of eighty nine. He died in 1863, in hia ninety-second

year. The impression we have of Lyndhurst from Lord
Campbell's memoir is that of a man with rather an easy

conscience in political life, not too scrupulous in his atten-

tion to judicial duties, but possessed of a fine and noble

presence, a ready wit, an unfailing sweetness of temper,

and a real kindness and charm of manner that won the

hearts of men.
See Lives of the Lord Chancellors of England, voT. 'viii. (Lords

Lyndhurst and Brougham), by Lord Campbell, 1869. ' Campbell
v>as a pei'sonal friend, but a political opponent.

LYNDSAY, Bi2 David (c. 1490-1555), for about two
centuries and a half perhaps the most popular poet of

Scotland, was born about 1490, probably either at the

family estate of The Mount, in the parish of Monimail,

near Cupar in Fife, or at Garleton near Haddington in

East Lothian, where thei ruins of an old mansion house of

the Lyndsays still remain. Little is known of his boyhood,

but he is understood to have entered the university of St

Andrews about 1505, and he became one of thB incorporaii

of St Salvator's College in 1508 or 1509. After.' leaving

college there is reason to think that hewent abroad fora year

or two, visiting, it is supposed, both France and Italy; but

of thl's there is no certain information. In 1511 he must
have been attached in some way to the court of James IV.,

as in the October of that year an entry appears in the royal

treasurer's accounts for the sum of .£3, 4s. for " blue and
yellow taffities to be a play coat to David Lyndsay for the

play playit in the king and queen's prestnce in the Abbey
of Holyrood,"—so that even at that early period Lyndsay
would seem to have developed his taste for masques and

mummeries, play-acting and tale-telling. After this his

name occurs in the treasurer's accounts for a regular salary

of £40 a year ; and on the birth of James V. in 151^ he

was appointed to be the personal attendant of the young
prince, in which situation he remained till James had
attained his twelfth year in 1524—sometimes under the

title of " keeper of the kingis grace," sometimes as the

"kingis raaister usher," and sometimes as "the kingis

maister of houshald," but throughout with the yearly

salary of £40. Lyndsay's close connexion with the court

led to his being present at the remarkable scene just before

Flodden, in the church of Linlithgow, when the so-called

apparition came in " calling loudly for the king," and, after

warning him against proceeding on his ill-judged expedition

against England, vanishing away " as it had been a blink

of the sun or ane whiss of the whirlwind." The incident

is related both by Pitscottie and by Buchanan, expressly

on the authority of Sir David ; and Tytler shre^wdly

remarks that possibly Lyndsay knew more of the affair

than he cared to confess, a conjectnre^ which both Lyndsay's

well-known prudence and sagacity in political affairs and
his skill in arranging masques and stage plays renders

exceedingly probable. In 1522 Sir David married Janet

Douglas, of whom we know nothing except that she also

was attached to the king's court, and was employed as

sempstress to " his grace,"—various payments to her being

entered in the accounts for her diligence in the humble
office of "sewing the kingis sarkis." It is evident from
many passages in Lyndsay's poems that his good sense and
sweet temper, his varied accomplishments, and his skill in

mingling amusement with instruction had greatly endeared

him to the young king, and it would have been well for

James if he had never listened to other and worse counsels

than, those of Lis wise and affectionate "maister usher."
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It is to tbe credit of tlie king, bovvever, aud cLaracteristic

of the generous disposition of the earlier Stuarts, that he
never forgot or forsook the friend of his infant and boyish
years. For when he fell under the power of the Douglases
in 1524, and when Lyndsaj' had to take his dismissal from
court, James took care that his salary should continue to

be paid him ; and no sooner did he escape from their

domination than Lyndsay was at once recalled, and the

appointment of lyon-king conferred upon him. This was
iu 1529, and it is a remarkable proof of the reputation

which Lyndsay had by this time acquired for prudence
and sterling practical ability that he was at vaiious times

sent abroad in connexion with embassies from Scotland.

In 1531 ho went to the Netherlands to renew the com-
mercial treaty with that countrj'. On this occasion the

embassy had a personal interview with the emperor
Charles Y., and the mission was perfectly successful. A
few years afterwards (in 153C) ho formed one of the envoys

spnt to Franca to conclude a treaty of marriage between

the Scottish king and Marie de Bourbon, daughter of the

Due de Vendijme. It is evident therefore that Lyndsay's

position and employments must have enabled him to gather

lauch experience of life, and to obtain a somewhat varied

knowledge both of men and things. His last sad office to

his beloved sovereign was to attend at his bedside when
the poor king was dying of a broken heart at Falkland, in

December 1542. Lyndsay survived the king about thirteen

years. At the time of Cardinal Beaton's assassination he
held a seat in parliament as commissioner for the burgh
of Cupar. In 1548 he was despatched to Denmark to

negotiate a free trade, particularly in grain, for the Scottish

merchants, which was readily granted. Mr Laing, on the

authority of an entry in the Privy Seal Register, states

that hia death must have taken place early in 1555.

When Lyndsay was driven from the court by the advent
of the Douglases to power, he no doubt' felt it as a bitter

misfortune and a disappointment of all his highest hopes.

But \7e are greatly mistaken if he did not ere long come
to regard it in a very different light Like most men of

genius, ho had evidently two sides to his character. On the

oue side he had a taste for pleasure, sociality, pageantry,

ind frivolous amusements ; and a few years more of these

might have deadened Lis nature to everything else, and
:onverted him into a mere dangler after royalty. But he
had also elements of a better kind. He was well educated

ind accomplished ; he had read somewhat extensively, and
was master of most of the knowledge to be had in books

it that time. He had seen not a little of the world, both

in Scotland and in foreign countries ; he was an acute dis-

jemer of character, and had both knowledge of and skill

in affairs. Now then was just the time for a man like him,

arrived at the full maturity of his intellect, to turn all these

varied acquisitions to account. Lyndsay therefore, we may
infer, retired to his country seat, either at The Mount, or

13 we fancy more likely to Garleton (that he might be more
within call should a change take place in the political

situation at Edinburgh), aud there, after the first dull

pang of disappointment was over, he doubtless found that

there was no lack of subjects to engage his best thoughts.

One of the great crises in the history of Europe aud in the

progress of human thought had just arisen. The trumpet

of the Reformation had been sounded in Germany, and its

reverberation had already been heard in Scotland, where

both political and ecclesiastical disorder had nearly reached

their worst, and were becoming the source of deep anxiety

and desire for redress to all good men. For Lyndsay,

therefore, there was something else to do than to brood

moodily over his own private griefs. He had to make up
his mind on a variety of great public questions, as well

perhaps as to settle the great personal question of his own

religious faith ; and la his earliest work. The Dreme, whicli

seems to have been composed at this time, wc have a

somewhat vivid picture of the turn his thoughts took.

He represents himself as having spent tbe long winter night witb
out sleep, " throiigh heavy thought, rememberiDg of divera thingii

gone." On getting up and walking out, he finds the dull wintet

season, \vith its bitter blasts and shajp sleety showers, but ill-fitted

to console him, and only too much in harmony with his own melan-
choly. He goes down to the sea-shore, but things are no bettei

there ; for the "weltering of the waves" at once associates itself in

his mind with " this false warld's instability." Thus far, then, hij

meditations seem to have had a merely personal reference. But bj
and by, on retiring into a cave near the shore, he falls into a trance,

iu which his thoughts take a wider range. The miserable state ol

his country, from misgovernment on the part of its rulers and the

vices of both clergy and laity, fills his mind, and, reflecting on th«

ultimate fate of such men, he finds himself in the twinkling of aa
eye in hell, where he sees wicked popes, kings, conquerors, princes,

and lords temporal, with no end of churchmen, "mansworn mer-
chants," " unleil laboraris," craftsmen " out of number," " hurdaris
of gold and common occararis," all "tormeutit with pains intoler-

able." Then, leaving this "dolorous donceon,'*he has a passing
sight of purgatory, though apparently with some misgiving as to

its reality, his significant remaik being

—

*' .Sic things to be greflt clerlsvs does conclade.
llowbeil my hope stands most in CItriuis bleed.**

Proceeding then to the realms of bliss, he sees something of tlie

rewards of good and just rulers and righteous men ; and by and by
returning to the earth, and at length looking down upon Scotlanu,

he sees a region both good and fair, its seas abounding in fish, its

mountains covered with pasture, the valleys fit for corn, the forests

full of game, mines with gold and silver, the people fair, intelligent,

strong, and noble-minded,—and yet with all this, the country pooi

and the inhabitants miserable. A\'hat could be the cause? and the

answer given is that the realm wants good government, impartial

administnrtion of justice, and freedom from war and disccrd. View-

ing the country all over—on the borders

"Betwiit the Merse and Lochmaben,
Tie could not kua-w a leil mim from a thief.

To show theii- leif, theft, niurther and mischief
And viciooa worlds. It would Infest the air.".

In tho Highlands it was no better :

—

" Unthrlft, sweimess, faisct, poverty, and strl/e

Put policy in danger of her life."

And even in the Lowlands, where better things might be expected,

it was impossible for a poor man to live by his industry. If he
settled in the towns, "singular profet" (by which we understand

him to mean the system of monopolies and of close trade corpora-

tions, which everywhere prevailed) " gart him soon dislodge." And
if he attempted to get redress to his wrongs there was no help for

him anywhere. The spiritual state, plunged in simony, covetoos-

ness, pride, ambition, sensuality, andthe love of pomp and pleasure,

"held him at disdain"; and amon" the nobility and gentry
" liberality and luwte both are Ijst," knightly courage is " tumit

in brag and boast," and disorder and civil war have produced a state

of things in which " there is uocht else hot ilk man for himself."

The moral of the whole is
—" Woe to the land that has ouer young

ane king !"—" there sail na Scot have comforting till tliat I tee the

country gnided by wisdom of ane gude anld prudent king." The poet

is then awakened by the sound of cannon from a ship of war approach-

ing the coast,—the suggestion, aswe imagine, being that the existing

state of tilings can only end in violence and uproar, in tumult and

rebellion, most probably in foreign invasion aud revolution.

On the whole The Dreme appears the most finished and

artistic of Lyndsay's works. It has a tone of greatei

seriousness, bears the marks of more oure and elaboration

in tho composition ; and,, though it has a good deal of th«

crudeness of a first attempt, we think wo can discover an

effort at least at a finer proportion and harmony of parta

than in any of his subsequent poems. In its subject,

matter it strikes the keynote of almost all that he after-

wards wrote. The evils, the wrongs, the misgovernmenj

of his country evidently filled his whole soul with grief,

indignation, and tho desire for reform; and we almost

doubt if there is to be found anywhere except in the old

Hebrew prophets a purer or more earnest breathing of the

patriotic spirit. Indeed if we may judge from the mottc

prefixed to his JJrtine we should almost fancy that he had

made them his model :

—

Prophclias ndite speniere. Om nto

autem prolate: quod bonum est tenete. Lyndsay accordingly

is to be judged of less as a poet than as a great political



108 L Y N D S A Y
and ecclesiastical reformer. That his works are written

in verse is merely incidental. Though not destitute of

poetical genius, this was scarcely the special characteristic

of his mind. His greatest work, and the only one to

which it is necessary here to make further allusion, was
his Satire of the Three Estates. It is a drama, and may
be said to be in some respects one of the most remarkable

that ever was written. The dramatis personx are chiefly

allegorical, and under the names of Res Humanitas,

Wantonness, the Vices (Flattery, Falset, and Deceit) in

the habit of friars. King Correction, Good Counsel,

Temporality, Sensuality, Chastity, Verity, John the Com-
monweal, ifec, the most bitter and unsparing exposure

is made of the wickedness and corruption of all classes of

the community. King, clergy, lords, merchants, craftsmen

—suo one escapes the severest censure and the most

unmitigated ridicule. And yet this extraordinary produc-

tion was acted on the borough muir of Edinburgh before

the king himself, many of the highest nobility and clergy,

and an immense crowd of all classes of the people. How
the author escaped being torn in pieces by the mob or

burnt at the stake by the ruling powers it is difficult to

understand. Perhaps the explanation is that each class

saw every other brought under the lash equally with

itself, and felt consoled for its own shame by enjoying

the infliction visited on its neighbours. Very likely too

the grotesque wit and the fun with which the serious

matter of the play was so largely spiced charmed the

audience into good humour, and left them unable to think

of vengeance. It may be somewhat confidently inferred

too that the dramatist so exactly expressed the public feel-

ing of the time as to the evils and corruption under which

the state was rapidly going to destruction that, even when
Lis stinging reproaches most nearly touched themselves,

their consciences were smitten and they were compelled to

assent to the perfect truth and justness of his rebukes.

But be this as it may, there can hardly be a doubt that this

most singular drama formed one of the chief means by
which the way was paved for the Reformation afterwards

carried out by Knos and his coadjutors.^ One thing is

especially remarkable in Lyudsa/s politics both civil and
ecclesiastical, that, hopeless and depressing as the condition

of the country must have been to a man like him, his

opinions never end in mere negations, but are throughout
constructive in their character. And yet more thorough-

going radicalism it would be difficult elsewhere to find.

He does not for example scruple to declare that kings who
govern iU should be deposed. This, however, was merely

a speculative opinion, and it is of more interest to ascertain

what his practical suggestions were. Among them we find

the following :—that the king should on no account attempt
o do anything without the advice of his council and
parliament ; that John the Commonweal should hav a
greater voice in parliament, i.e., in our modern phrase,

that there should be a considerable extension of the
franchise ; that (as already mentioned) all close corporations
and monopolies should be abolished ; that temporal lands
should be set in feu to the tenants on condition cf their

duly rendering the prescribed services to tho ntate, a
measure not very dissimilar in principle (if we understand
it aright) to that lately introduced into Ireland ; that lords
should be responsible for thieves who find refuge on
their lands, and make restitution to the poor w.ho have
been plundered by them; that courts of justice should be
established in the remoter parts of the country, nuch as Elgin
and Inverness, in order to avoiQ the expense attendant on
the transference of pleas to the metropolis, and, to provide
for their maintenance, the nunneries in that quarter to

• See Ellis, Original Letters, 3d series, vol. iu. p. 280 ; and Ror/,
Uistory of the Kirk of Scotland, p. 7.

be abolished and their cvenues sequestrated, the reason

given being

—

" Thir wanton nuns are na way necessair

Till comnion-weill, nor yet to the glorie

Of Christis kirk, thoclit they be fat and fair,

And als that fragile order feminine
\ViU nodit be missit In Christ's religion."

No less stringent and sweeping are his propo"^als for tho
reform of the church. The religion of Christ must be
purged of all deceit and hypocrisy. The consistorial courts

are to have no jurisdiction in matters temporal. No
clergyman is to be admitted to office unless duly qualified

in learning and piety. Celibacy is to be abolished.

Bishops and priests must be compelled to preach regularly

and "take better tent to souls under their dominion."
Benefices are not to be purchased either from prince or

pope, nor is money to be permitted to go to Rome for

bulls and pleas. Pluralities and patronage are to be
abolished, residence is to be enforced, and the people are

to have a voice in the choice of their spiritual guides. Iu
fact many of Lyndsay's proposals of reform have quite a
modern look, and this perhaps explains in some degree the

long-continued popularity of his works among his country-

men, which otherwise it is rather difficult to account for.

They have none of the chivalric spirit-stirring power of many
of our ancient songs and ballads, none of the tender love

and melancholy which form the charm of Burns's lyrics,

none of the joyous abandon of convivial or amorous ditties,

and none of the fascination wiiich springs from well-con-

structed tales or narrative poems, like tliosa of Chaucer or

Scott. It is difficult to suppose that even the humour
which pervades them, seldom of the most refined kind

and often very much the reverse, can have been in any
great degree pleasing to readers of a later age than the

author's own. The only explanation, we suspect, is that

Lyndsay's intense and uncompromising love of liberty, hi?

strong sympathy with the poor, his love of justice, his keen
hatred of tyranny, wrong, and oppression, and his shrewd
common sense easily found a responsive chord in Scottish

bosoms. Nor was the interest which his works so long

retained among the Scottish peasantry merely of a senti-

mental kind. For many of the evils against which he
directed his severest invectives continued long afterwards

to afflict his country, and even when somewhat changed
in their aspect still reappeared in analogous forms or

character. Prelatic usurpation and cruelty were as rife as

ever in the century which succeeded that in which Lyndsay
wrote ; aristocratic venality and heartlessness have perhaps
even yet hardly ceased out of the land ; church patronage,

always hateful to religious-minded Scotsmen, vi'as hardly

abolished before it was reimposed. And then such inci-

dents as the massacre of Glencoe, the union vi-ith England,

a measure intensely disliked by the great mass of the

Scottish people, the infamous treatment of the Darien

colonization scheme, the barbaritie." which followed the

two Jacobite rebellions, the deprivation up to lb32 of any
true parliamentary representation, and the continuance of

close municipal and trade corporations, all tended to keep

up a bitter sense of wrong to which Lyndsay's satires gave

point and expression.

The best accessible editions of Lyndsay's works are those of

George Chalmers, in 3 vols., London, 1806, and of David Laiiig,

also ia 3 vols., Edinburgh, 1879. These, with the Early English.

Text Society's edition, leave little to be desired for the establishment
of a correct te.^t, and for purely antiquarian illustration.- In
Wartou's Bistorij of English Poct/y, and in Irving's Sistory of
Scottixii Poetry, good critical estimates will be found of Lyndsay's
place as a poet. It ia possible, however, that something yet

remains to be doae in order to determine his exact position as a
gieat political and religious reformer, and to illustrate the effect

which his works have had iu directing i>opular feeling and opiniop

ia Scotland. (J. T. BB.)
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LYNN, a city in Essex county, Massachusetts, U.S.,

situated near the north end of Massachusetts Bay, on a
harbour formed by the peninsula of Nahant, 10 miles

north-east of Boston, with which it is connected by dif-

ferent lines of railway. The bulk of Lynn is built on the

low grounds near the sea ; but in the north-east the eleva-

tion is greater, and behind the city proper there is a range

of porphyritic hills dotted with villas. Most of the houses

are of wood, those of the main thoroughfare—Market
Street—of brick. The city hall, a substantial erection of

brick and brown stone, is considered one of the finest

buildings of its class in New England. It contains the

free public library, founded in 1862, and numbering
29,126 volumes in 1880. It was at Lynn that the first

smslting-works in this part of the country were estab-

lished, in 1643; but the place has long been famous
rather for the making of boots and shoes, a department,

indeed, in which it has hardly a rival in the world. This
trade was introduced in 1750 by a Welshman, John Adam
Dagyr ; in 1767 the output was 80,000 pairs ; in 1810,

1,000,000 pairs; in 18f>5, 5,360,000 ; in 1868 upwards
of 10,000,000; and in 1880, 16,276,380,—the greater

proportion being cheap shoes for women and children.

About twelve thousand hands are employed, though
labour-saving machinery is freely introduced. Another
industry of great local importance is the tanning and
dressing of sheep and goat skins, and the making of

morocco leather. The population was 6138 in 1830,
14,257 in 1850, 28,233 in 1870, and 38,284 in 1880.
The foundation of the town belongs to 1629 ; and the name was

given in memory of Lynn Regis iu England, the home of its first

pastor. It obtained incorporation as a city in 1850 ; Swampscott
and Nahant, which it then included, were rendered independent iu
1852 and 1853 respectively.

LYNN REGIS, King's Lynn, or Lynn, a parliamentary

and municipal borough and seaport of Norfolk, England,
is situated on the Great Ouse, about 2 miles from the

Wash, and on several railway lines, 100 miles north of

London and 48 west-north-west of NorwicL On the land

side the town was formerly defended by a fosse, and there

are still considerable remains of the old wall, including a

handsome Gothic structure, known as the " South Gates."

The streets are generally narrow and winding ; some of the

dwelling-houses are very ancient. The public walks form

a fine promenade, and in the centre of them stands a

quaint octagonal chapel called the Red Mount, at one
time much frequented by pilgrims. The church of St

Margaret's, formerly the priory church, is a fine Gothic

building with two towers at the west end, one of which
was formerly surmounted by a spire-blown down in 1741.

St Nicholas chapel, at the north end of the town, is

also of mediaeval date, and contains many interesting

memorials of the past. All Saints church is a beautiful

and ancient cruciform structure. At the grammar school,

founded in the reign of Henry VIII., Eugene Aram was
at one time usher. There are also national schools, a

British school, and several charities. Among the other

public buildings are the guildhall, with Renaissance porch,

the corn exchange, the custom-house, and the athenaeum.

The shipping trade is steadily progressing, and there is now
regular steam communication with Hamburg. The prin-

cipal exports are corn, wool, and oilcake, and the principal

imports, coal, timber, linseed, and manufactured goods.

The total value of the exports in 1880 was £1,152,456,

the average for the four years 1876-79 being X967,958,

and for four years 1872-75 j£519,479. The value of 'the

exports in 1880 was £366,649, the average value for

1876-79 being £251,491, and for 1872-75 £140,974.

The Alexandra dock, opened in 1869, has a water area of

6J acres, with an average depth of 31 feet The fisheries

of the town are important, and there are also breweries,

corn-mills, iron and brass foundries, agricultural implement
manufactories, shipbuilding yards, rope and sail works, and
tobacco manufactories. The population of the borough
in 1871 was 16,562, and in 1881 it was 18,475.

°

Lynn is supposed to have been a British town, and was known
as a port before the Norman invasion, after 5'hich it became the
possession of the bishops of Norwich, and was known as Lynn
Episcopi. After the suppression of the monasteries it came into the
hands of Henry VIIL, and its name was changed to Lynn Regis or
King's Lynn. The town was taken by the parliamentary forces in
1643. It received its first charter from King John, but its first

governing charter from Henry VIII. Since the 23d of Edward I.

it has returned two members to parliament.

LYNX, a name now appropriated to several animals
forming a small section of the cats or genus Felis. It is

not quite certain to which of these, if to any of them, the

Greek name Xvyl was especially applied, though it was
more probably the caracal than any of the northern species.

The so-called lynxes of Bacchus were generally represented

as resembling panthers rather than any of the species now
known by the name. Various fabulous properties were
attributed to the animal, whatever it was, by the ancients,

that of extraordinary powers of vision, including ability to

see through opaque substances, being one; whence the

epithet " lynx-eyed," which has survived to the present

day, although having no foundation in fact.

There are two forms of cats which are now called lynxes.

1. The caracal or Persian lynx, Felis caracal, an animal

about the size of a fox, is of slender build, with a mode-
rately long tail, reaching down to the heels. It is of a
uniform vinous or bright fulvous brown colour above, and
is paler, sometimes almost white, beneatL It is quite or

almost entirely unspotted. The tail has a black tip, and
the ears are black externally, long and upright, pointed,

and surmounted by a pencil of fine black hairs. It in-

habits Central and North-West India, Persia, Arabia,

Syria, and the greater part of Africa.

2. The name lynx is given to various species or varieties

of animals found in the northern and temperate regions

of both the Old and New World, all of moderate size,

that is, smaller than the lions, tigers, and leopards, and
larger than the true cats, with long limbs, short stumpy
tail, ears tufted at the tip, and pupil of the eye linear

when contracted. Their fur is generally long and soft,

varying, however, according to, season and locality, and

always longish upon the cheeks. Their colour is always

light brown or grey, and generally more or less spotted

with a darker shade. The naked pads of the feet are more

or less covered by the hair that grows between them. The
skull and skeleton does not differ markedly from those of

the other cats, but the small anterior upper premolar tooth

found in many other species is usually wanting. Their

habits are exactly those of the other wild cats ; they are

excelled by none in the untameable savageness of their

disposition. They capture their prey in the same manner,

either lying in wait, or noiselessly stealing within reach, and

then making a sudden rush or spring upon it Their food

consists of any mammals or birds which they can overpower.

In inhabited countries they commit extensive ravages upoi^

sheep, lambs, and poultry. They generally frequent rocky

places and forests, being active climbers, and passing much
of their time among the branches of the trees. Their skins

are of considerable commercial value in the fur trade.

Zoologists are by no means agreed at present as to the

specific distinctions, if any really exist, between the various

modifications of this group. As many as eight species are

sometimes recognized, four belonging to the Old and four

to the New World. The former are Felis lynx, of Scandi-

navia, Russia, northern Asia, and till lately the forest

regions of central Europe (it has not inhabited Britain

during the historic period, but its remains have been found
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in cave deposits of Pleistocene age); F, cervaria, Siberia

;

F. pardina, Turkey, Greece, Sicily, Sardinia, and Spain
;

and F. iscbellina, Tibet. Tlie American varieties are F.

cuuadensis, the most northern species, and F. rufa, the

ri- .'JA^h'^l

European Ljiuc From a Drawing by Wolf ia Elliot's

Monograph of the I'diilx.

Aiuerican wild cat or bay lynx, extensively distributed

from the Atlantic to the Pacific throughout nearly the

\rhole latitude of the United States, but replaced in Texas

and southern California by F. maculata, and in northern

Oregon and Washington territory by F. fasciata.

In both cases, as might be supposed, specimens obtained

from the more southern climates are shorter in their fur,

more brightly coloured, and moie distinctly spotted than

those from colder regions. When only a few individuals

of each most markedly different form are examined the

distinctions are sufficiently evident. The occurrence,

liowever, of transitional or intermediate forms makes it

extremely difficult to draw the line between the different

varieties or species, or to assign definite characters by
which they can be separated. Wherefore it is best at

present to accept the so-called species as only provisional,

and wait until more abundant materials, with fuller

knowledge of the localities from which they are derived,

and of the variations due to age, ses, season, and climate,

have been more carefully studied. We shall then probably

come to the conclusion that all the existing forms of

northern lynxes, whether American or Eurasian, belong to

what may fairly be called a species, which is becoming by
degrees differentiated into several more or less strongly

marked local varieties. (w. h. f.)

LYONS (French, Lyon), in political, commercial, in-

dustrial, and military importance, as well as in point of

size, the second city of France, formerly the capital of

Lyonnais, and now the chief town of the department of

Rhone, seat of a court of appeal and of a military govern-

ment, and a fortified place, is situated at the confluence of

the Rhone and the Saone, in 45° 46' N. lat and 4° 49' 19"

E. long., at an altitude above the sea varying from 540 to

rather more than 1000 feet. The population of the city

and liberties in 1876 was 342,815. The rivers, both flow-

ing south, are separated by the hill of Croix-Kousse. On
the right the Saoue is bordered by the scarped heights of

Fonrviferes, St Ir^nee, and Ste Foy, leaving room only for

the quays and one or two narrow streets ; this is the oldest

part of the city. Where it enters Lyons the Saone has on

its right the faubourg of Yaise and ou its left that of

Serin, whence the ascent is made to the top of the hill o/

Croix-Rousse. The river next takes a semicircular sweep
around the hill of Fourvieres (410 feet above it), which is

fully occupied by convents, hospitals, and seminaries, and
has st its summit the famous church, the resort oJ

1,500,000 pilgrims annually. From this point the best

view of the entire city is obtained. First the busy Sa6n«
is seen with its thirteen bridges and animated quays.

Next, on the peninsula between the two rivers at the foot

of the hill of Croix-Rousse, come the principal quarters ol

1. Pont st CTnlr.

2. Punt Morand.
.•!. Pont du Coll<?BC.

4. Pont Luf«ycttc.

6. Poritde rWolelDicn.
G. roiitdeluGuillotibre.

g \ Fonts Napoleon.

9. Pont du Mulatifcre.

10. Pont d'AInny.

11. Pont Si Georges
i;. PontTilbltt.

13. Pont du Palais dc
Justice.

Plan of Lyons.

Pont Nemours.
I*ont de Serin.

I'ont du Port ^ronton.

Pont dc la Gare.

Jardin dcs Plaiites.

St Pulycuriie.

Condition dcs Soles.

La Mai'tinii^te.

Optra House.
Hotel de Vine.
Palais dcs Arts.

Lycdc.
Bourse.
Protestant Church.

Notre Dame dc Four-
vlei^s.

Pahtis de Jiislirc.

St John's Cliurch.

Hospice de rAntl-
qnallle.

Jewish Synagogue.
llCitel Uicu.
Hospice dc la Charlie
£§lise d'Ainay,
Great Seminary.
St Just.

St Ir^n^e.

Arsenal.

the town: the Terreaux, containing the hotel de ville,

the prefecture, and the chief commercial establishments

;

Bellecour with its large open square, one of the finest iu

Europe ; and the aristocratic Quartier de Perrache. The

Rhone and Saone formerly met here, till, a hundred years

ago, the sculptor Perrache reclaimed from the rivers th?

quarter which bears his name ; on the peninsula thu?

formed stands the principal railway station. Here too ar^

the docks of the Sa6ne, factories, the arsenal, gas-works,

prisons, and the slaughter house.
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The Rhone, less confined than the Saone, flovfa swiftly

in a wide channel, broken when the water is low in spring

by pebbljf islets. On the right hand it skirts first St

Clair, sloping upwards to Cioix-Rousse, and then the

districts of Terreaux, Bellecour, and Perrache ; on the left

it hag a low-lying plain, subject to disastrous inundations,

occupied by the Pare de la Tete d'Or and the quarters of

Brotteaax and Guillotiere. The park, defended by the

Grand Camp embankment, comprises 282 acres, and con-

tains a zoological collection, botanical and pharmaceutical

gardens, and the finest greenhouses in France, with unique

Collections of orchids, palm-trees, and Cycadacese. Brot-

teaux is a modem town with boulevards and regular streets,

and in this direction Lyons is extending every year. In

the old districts there is <io room for growth; they are

crowded with old buildings of eight or ten stories, or even

more, and it has been the task of the last thirty years to

open them up by means of thoroughfare.s. Guillotiere,

to the south, is a workmen's quarter of wretched houses.

The Rlione is lined with broad quays, and crossed by

ten fine bridges, two of them for railway traffic. On the

right bank stand the lyc^e and the public library, the

Hotel Dieu, the military hospital, and the Hospice de la

Charitd ; on the left bank is the long range occupied by the

medical faculty. In the east of Guillotifere the Geneva
railway skirts the artillery barracks.

Northward from Fourvieres appear the green slopes of

Mont d'Or, descending towards the Saone by pleasant

glades sprinkled with villas ; to the east, beyond the some-

what monotonous plain, stretch the mountains of Savoy

and Dauphind ; to the south, below the confluence of the

Rhone and the Saone, the river traverses a rich landscape

to pass out of sight at the foot of Mont Pilat ; and to the

west the horizon is bounded by the Forez hills.

Since 1852 the communes of Croix-Rousse and
Guillotiere have been united with Lyons. The Rhone and
the old fortifications, which, on the right bank of the

Saone, stretched in an unbroken line from the rock of.

tierre Seize below Vaise to the bridge of Ainay, continued

by those now replaced by the Croix-Rousse boulevard,

marked the boundaries of the ancient city. The line of

Croix-Rousse has now been thrown forward to the north,

and further strengthened by Forts Caluire and Montessuy.

On the left bank of the Rhone stand Forts Tete d'Or,

Charpennes, Brotteaux and Part^Dieu, Villeurbanne,

Lamotte, Colombier, and Vitriolerie. On the right bank
of the Saone Forts See Foy, St Irtin^e, Loyasse, Vaise, and
Duchfcre completed the defensive system of Lyons previous

to 1870; but since that date the dominant points of the

neighbourhood have begun to be crowned with batteries

and redoubts ; but only Forts Brou and Foyzin on the left

bank of the Rhone, St Gen is on the right bank. Mont
Verdun on Mont d'Or, and Vencia are finished.

Of the ancient buildings in Lyon.s, Fourviires is the one
which attracts most visitors. It derives its name from the

ancient forum {Forum veins), whose site it occupies. The
first chapel, dedicated to the Virgin, was erected in the end

JDf the 9th century. Consecrated afterwards to St Thomas
%>l Canterbury, and then made a collegiate church, Notre

pame de Fourviferes was created superior of twenty-five

tillages by Louis XL, on occasion of his visit in 1476.

Laid waste by the Protestants, plundered at the Revolution,

it began to be visited again in 1804, and in 1805 Pope
Pius VII., returning from the coronation of Napoleon,

ascended thither to give his benediction to the city—

a

ceremony renewed from year to year with great pomp.

The church tower, 172 feet high, is surmounted by a

status of the Virgin in gilded bronze, 18 feet high, turned

towards the town ; on the pedestal are bronze plates with

inscriptions assigning to the Virgin the credit of ending the

plague of 1643, and of preserving the town during the

cholera epidemics of 1832, 1835, and 1850. The first

stone of a magnificent new church was laid in 1872. The
crypt, 219 feet by 62, is as yet the only portion finished. At
the foot of Fourviferes, on the right bank of the Saone,

lies the metropolitan church of St John (the archbishop oi

Lyons is primate of all Gaul). The choir belongs to the

early years, the transept to the close of the 1 2th century :

the building of the nave, carried on during the next three

huitlred years, was completed only in 1480. In one of

the two towers there is a bell weighing nearly 10 tons. To
the right and left of the altar stand two crosses preser^'ed

since the council of 1274 as a symbol of the union then

agreed upon between the Greek and Latin Churches.

St Martin d'Ainay, in the Perrache quarter, is the oldest

church in Lyons, dating from the beginning of the 6th

century ; the chapels of the apse are adorned by paint-

ings by Flandrin. St Nizier, in the heart of the cit}',

was the first cathedral of Lyons ; and the crypt in which

St Pcthinus officiated still exists. The present church is

a Gothic edifice of the 15th century, with the exception of

the porch, constructed by Philibert Delorme. In the crypt

of the church of St Irenasus are the tomb of that saint and

a vast quantity of bones, alleged to be those of 19,000

martyrs put to death in the persecution of Severus.

The Place Bellecour is adorned west and east by twc

monumental facades originally erected after plans by
Mansard, but destroyed in 1793, and rebuilt under

the consulate in a somewhat modified style. In tht

middle stands an equestrian statue of Louis XIV. by

Lemot. The Rue de I'Hotel de Ville, connecting the

Place Bellecour and the Place des Terreaux, and the Rue
de la Republique running parallel with it are among the

finest streets of the modern city. The east side of the

Place des Terreaux (so called from the " terreaux " now

occupying the place of the canal which formerly connected

the Rhone and the Saone) is formed by the hotel de ville.

which, however, turns a better front in the opposite

direction towards the theatre ; the south is occupied by

the Palais St Pierre (formerly a bonvent), which gives

accommodation to the faculties of science and literature,

and to the school of fine arts, the picture gallery, the

museums of sculpture, archeology and natural history,

and the art library. In the Rue de la Republique, between

Place °de la Bourse and Place des Cordeliers, each of which

contains one of its highly ornamented fronts, stands the

building occupied by the exchange and the commercial

court. The former has its ofiices on the ground floor round

the central glass-rooied hall ; besides the court, the uppei

stories accommodate the council of "prud'hommes, the

chamber of commerce, and the industrial museum. The

palais de justice, a fine building with a Corinthian colon

nade, on the right bank of the Sa6ne, occupies the site til

the palace of the counts of Forez. A statue of Jacquarl

the inventor stands in Place Sathonay, and one of Marsha'

Suchct in Place Tholozan.

The Academy of Lyons has the five faculties of Catholic

theology, science, literature, medicine and pharmacy, and

law, with two lyceums, and a number of schools ; and the

Catholic institute has three faculties—law, science, and

theology. The school of fine arts was founded in the 18tl;

century to train competent designers for the textile manu
facturcs, but has also done much for painting and sculpture.

The veterinary school of Lyons, instituted in 1761, was

the first of its kind in Europe ; its laboratory for the study

of comparative physiology is admirably equipped. L'ficolc

la Martiniero (founded by the legacy of Claude Martin',

furnishes gratuitous teaching of the sciences and industrial

arts. The school of commerce and the Lyons central Bchool

complete the list of institutioDs for industrial education.
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Besides the Acadi5mie des Sciences, Belles I/ettres, et Arts

(founded in 1 700), Lyons possesses societies of agriculture,

natural history, useful arts and sciences, geography, and
horticulture.

The Hotel Dieu, instituted in the beginning of the 6th

century by King Childebert, is still one of the chief

establishments of its kind in the city, and contains 929
beds. Its facade, fronting the Quai du Ehone for 1060
feet, was commenced according to the designs of SoufHot,

architect of the Pantheon at Paris. The Hospice de la

Charity and the military hospital are a little larger than the

Hotel Dieu. The Hospice de rAntiquaille, at Fourviferes

(2000 beds), occupies the site of the ancient palace of the

preetorian prefects, in which Germanicus, Claudius, and
Caracalla were born. Lyons has many other benevolent

institutions, and is also the centre of the operations of the

Propagation de la Foi.

The museum is one' of the best provincial collections in

France, alike in its ancient, medieval, and modern depart-

ments. Among the GiUo-Roman inscriptions, in which it

is particularly rich, are the bronze tables discovered at

Lyons in 1528, which contain tlie speech of the emperor
Claudius in regard to the admission of the citizens of

Gallia Comata into the Eoman senate. The numismatic
collection (30,000 pieces) includes a series of the coins

struck at Lyons from 43 B.C. to 1857. There is a special

gallery of works of Lyonese painters ; and the Bernard

collection of about 300 pictures is kept entire.

The museum of natural history (for which a new build-

ing is to be erected in the Pare de la Tete d'Or) .contains

a zoological department ranking nest to that of Paris, and
mineralogical, geological, and anthropological sections

—

the last enriched with specimens from the classic site of

Solutrd (Saone and Loire). The museurn of art and
industries, founded in 1864 by the chamber of commerce,
is divided into three sections, the first intended to illustrate

the various conceptions of the beautiful formed by different

peoples, the second to show the whole method of the

textile industry, and the third to give an historical con-

spectus of woven textures. The Guimet Museum, in a

special building in the Tete d'Or, consists of objects brought

from the extreme East (mainly by M. Iilmile Guimet) and
designed to facilitate the comparative study of religions,

especially those of the Eastern world. Since 1880 the

institution has published its Annales, consisting of original

essays or translations of foreign works.

The library of the i;chool of arts contains 65,000 volumes

and 22,000 engraving?, and the town library 108,000
volumes and 1300 manuscripts,—about 600 of tlie printed

works being incunabula, and 25 of the MSS. belonging to

the Carlovingian period. In the latter institution is the

great terrestrial globe made at Lyons in 1701, indicating

the great African lakes, the rediscovery of which has

been one of the events of the present century.

Under the Romans Lyons was admirably provided with
water. Three ancient aqueducts on the Fourvieres level,

from Montroman, Mont d'Or, and Mont Pilat, can still be

traced ; and the last was no less than 52 miles long, and
capable of supplying 11,000,000 gallons per day. Magni-
ficent remains of this work may be seen at St Iren^e and
Chaponost. Traces also exist along the Khono of a
subterranean canal conveying the water of the river to a
naumachia. At present the water supply of Lyons is

obtained from the Rhone by powerful hydraulic engines

situated above the town, which raise the water to the

Montessnyand the Fourviferes plateaus, 45S feet above the

low level of the river. The reservoirs are capable of

supplying 1,765,829 cubic feet of water per day.
• Agrippa made Lyons the starting-point of the principal

Roman roads throughout Gaul ; and it still remains an

important centre in the general system of cnmmunicatioa
The Saone above the town and the Rhone below have large

barge and steamboat traffic ; and the latter river above
the town may be used by steamboats during summer as

far as A'ik in Savoy. Navigatioii, however, is often

interrupted, eveu below the town, by the lowness of the

water, and a canal is projected to remedy this defect.

The current of the Saone is less rapid than that of the
Rhone, and is controlled by weirs.

The railway from Paris to Marseilles has two stations

(Vaise and Perrache) in Lyons ; and the line from Lyons
to Geneva two (Brotteaux and St Clair). The Montbrison
line starts from St Paul, on the right of the Saone. The
terminus of Part-Dieu for the newly-opened East of Lyons
line is between Perrache and Brotteaux. Within the

town there are two rope railways,—the first mounting
to Fourvieres, and the second, popularly called the ficelle,

from Rue Terme to Croix-Rousse.

In a city of such importance as Lyons the number of

industries is naturally large, but by far the most extensive

of them all is the silk manufacture. Derived from Italy,

this industry rapidly developed under the patronage of

Francis I., Henry II., and Henry IV.; and from time to

time new kinds of fabrics were invented—silk stuffs woofed
with wool or with gold and silver threads, shawls, watered

silks, poplins, velvets, satinades, moires, &c. In the

beginning of the present century Jacquart introduced his

famous loom by which a single workman was enabled to

produce elaborate fabrics as easily as the plainest web,

and by changing the " cartoons " to make the most different

textures on the same looms. In the 17th century the silk

manufacture employed at Lyons 9000 to 12,000 looms.

After the revocation of the edict of Nantes the number
sank to 3000 or 4000 ; but after the Reign of Terror was
past it rose again about 1801 to 12,000. At present there

are about 70,000 in operation when no great commercial

crisis comes to diminish production, giving employment
to about 140,000 weavers. There are also a large

nuTtnber of persons engaged in the silk-worm hatcheries

established in I'rance. The workmen live for the most

part in the Croix-Rousse quarter, but many of them
inhabit the outskirts. The mean annual value of the silk

goods manufactured is estimated at 375,000,000 francs

(£15,000,000),—250,000,000 representing the value of the

raw material and 125,000,000 the value of the labour. In-

cluding the purchase of raw materials and the sale of the

manufactured goods, the silk trade gives a total turnover

of 1000 million francs (£40,000,000). A special office

(known as La Condition des Soies) determines the weight

and nature of the silk. Extensive dye-works, chemical

works, breweries, pork factories, engineering works, print-

ing establishments, and hat factories represent the second-

ary industries of the place. A large trade is carried on

in chestnuts brought from tho neighbouring departments,

and known as viarrons de Lyon.

The earliest Gallic occupants of tlie territory at the conflu«nce of

the Rhone and the Sa6ne were the Segusians. In 690 B.c, some
Greek refugees from the banks of the Herault, having obtained p|r-

niission of the natives to establish themselves beside the Croix-

Rousse, called their new town by the Gallic name Lugdunum; and
in 43 B.C. Munatius Plancus brought a Roman colony to Foumeres
from Vienne. This settlement soon acquired importance, and was^

made by Agrippa the starting point of four great roads. Auguatua,'

besides building aqueducts, temples, and a theatre, gave it" a'

senate and made it the sent of an annual assembly of deputies fromi

the sixty cities of Gallia Comata. Under the emperors tho colcny.

of Forum Vetus and the municipium of Lugdunum were united,

recetving the jus seiiatus. ' The town was burnt by Nero In 59 A.u.,

and afterwards rebuilt by him in a much finer style ; it was also

adorned by Trajan, Adrian, and Antoninus. The martyrdom of

Pothinus and Blandina occurred under Marcus Anrelius(177 A.D.),

and in 197 a still more savage persecution of tlie Christians

took place under Septimios Severus, is which Ireneens, according ioi
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«ome authors, perished. After having been ravaged hy the bar-

barians and abandoned by the empire, Lyons in 478 became capital

of the kingdom of the Burgiindians. It afterwards fell into the
hands of the Franlcs, and sufl'ered severely from tlie Saracens, but
revived under Charlemagne, and after the death of Charles the Bald
wae made the capital of the kingdom of Provence. From 1024 it

was a fief ol the emperor of Germany. Subsequently the superiority

over the town was a subject of dispute between the archbishops of

Lyons and the counts of Forez; but the royal supremacy was finally

established under Louis IX. and Philip the Handsome. The citizens

were constituted into a commune ruled by freely elected consuls

(1320). In the 13th century two ecclesiastical councils were held at

Lyons—one in 1245, presided over by Innocent IV., at which the

emperor Frederick II. was deposed; the second, the cecunienical,

under the presidency of Gregory X., in 1274, at which five hundred
bishops met. Pope Clement V. was crowned here in 1305, and his

successor John XXII. elected in 1316. The Protestants obtained

possession of the place in 1562 ; their ads of violence were fiercely

avenged in 1572 after the St Bartholomew massacre. Under Henry
III. Lyons sided with the League ; but it pronounced in favour of

Henry IV. In 1793 it rose against the Convention, but wan com-
pelled to yield to the army of the rcpublfc after enduring a siege

of seven weeks (October 10). Terrible chastisement ensued : the
name of Lyons was r^nnged to that of Ville-atTranchie ; the demoli-
tion of its buildings was set about on a wholesale scale ; and vast

numbers of the proscribed, whom the scaffold had spared, were
butchered with grape shot. ' The town resumed its old name
after the fall of Robespierre, and the terrorists in their turn were
drowned in large numbers in the Rhone. Napoleon rebuilt the
Place Bellecour, reopened the churches, and made the bridge of
Tilsitt over the Saoue between Bellecour and the cathedral. In
1814-15 Lyons was occupied by the Austrians, under the government
of Louis Philippe, and in 1870-71 there were several bloody (Smeutes

;

in 1856 a disastrous flood laid waste the Brotteaux and rendered
20,000 persons homeless. An international exhibition was held
here in 1872. Among the many distinguished natives of Lyons
may be mentioned Germanicus and the emperors Claudius, Marcus
Aurelius, and Caracalla ; Ampere the physicist ; Richerand, Re-
camier, and Bonnet ; De Jussieu the naturalist, J. B. Say the
economist, Bareme the mathematician, Suchet the marshal, Roland
the Girondin, and Jacquard tho inventor. (G. ME.)
LYONS, Edmund Lyons, Lord (1790-1858), British

admiral, was descended from a family connected with An-
tigua, and previously with Cork, and was born at Burton
near Christchurch, Hampshire, 21st November 1790. .He
entered the navy at an early age, and served in the Mediter-

ranean, and afterwards in the East Indies, -where in 1810
he won promotion by distinguished bravery. He became
post-captain in 1814,and in 1828 commanded the " Blonde "

frigate at the blockade of Navarino. He took part with the

French in the capture of the castle of Morea, receiving for

his conduct the orders of St Louis of France and of the

Redeemer of 'Greece. Shortly before his ship was paid

off in 1835 he was knighted. From 1840 till the out-

break of hostilities with Russia Lyons was employed on
the diplomatic service, being mini.ster plenipotentiary to

the court of Greece until 1849, then until 1851 ambassador
tp the Swiss cantons, whence he was transferred to a similar

position at Stockholm. On the outbreak of the war with
Russia he was appointed second in command of the British

fleet iu the Black Sea under Admiral Dundas, whom he
succeeded in the chief command in 1854. As admiral of the

inshore squadron he had the direction of the landing of the

troops in the Crimea, which he conducted with marvellous
energy and despatch. According to Kinglake, Lyons shared
the " intimate counsels " of Lord Raglan in regard to tho

most momentous questions of the war, and throughout the
Crimean campaign he toiled, with a " painful consun ^'g

passion," to guard against disaster, to clear away over-

powering difficulties and obstacles, and to win the final

purpose of tho expedition. His actual achievements in

battle were principally two—the support he rendered with
his guns to the French at the Alma in attacking the left

flank of the Russians, and the bold and brilliant part
he took with his ship the "Agamemnon" in the first

bombardment of the forts of Sebastopol ; but his constant
vigilance; his multifarious activity, and his suggestions

and counsels were much more advantaseous to the allied

1 .-)-7

cause than his specific exploits. In 1855 he w^ created
vice-admiral, and at the conclusion of the war he was, in
June 1856, raised to the peerage with the title of Lord
Lyons of Christchurch. He died November 23, 1858.
LYRA, NicoLAUS de (c. 1270-1340), a well-known

mediaeval commentator, was a native of Lyre, near Evreux,
Normandy, and was born most probably about 1270; at

least he was still young when in 1291 he entered the
Franciscan order at Verneuil. Ije afterwards studied at
Paris, and became doctor of theology and a successful

teacher there. In 1325 he became provincial of his order
for Burgundy; and on October 23, 1340, he died at Paris.

Lyra (Lyranus) was the author of a controversial treatise against
the Jews, eatitied Dc Mcssia, cjusque ad.ventu, preeterito, anif of a
Ti-adalui <le idoneo ministrante cl suscipicnlc sancli allaris sacramen-
turn, but by far his most important work is the Tostillx perpetusg,
sivc brevia commenlaria in universa Biblia, first printed at Rome
(5 vols, fo!., 1471-72), and often subseciuently. It may ba said to
mark the first beginnings of a school of n.atural exegesis; for, though
recognizing the old doctrine of a fourfold sense

—

" Litera gesta docct, quid credas allegoHa,
Moi'alis quid agas, quo tendai pnagogia "

—

Lyra explicitly maintained and sought to give effect to the prin-
ciple that the foundation of every mystical exposition must first be
firmly laid by ascertaining the literal meaning. His qualities as an
interpreter of Scripture included, besides comparative freedom from
dogmatic prepossession, a good knowledge of Hebrew and a fair

acquaintance with Greek. Luther was acquainted with his com-
mentaries, and it is through the influence of Rashi upon Lyra that
so many traces of the exegesis of that rabbi are fouud in Luther'a
writings; hence the oft-quoted saying, "Si Lyra non lyrasset,

Lutherus non saltasset." See vol. xi. p. 601.

LYRE., Of all musical instruments the lyre has been

the most associated with poetry, the recitations of Greeks
having been accompanied by it. Yet the lyre was not of

Greek o-igin ; no root in the language has been discovered

for Xvpa, although the special names bestowed upon varieties

of the instrument are Hellenic. We have to seek in Asia

the birthplace of the genus, and to infer its introduction

into Greece through Thrace or Lydia. The historic heroes

and improvers of the lyre were of the iEolian or Ionian

colonies, or the adjacent coast bordering on the Lydian

empire, while the mythic masters, Orpheus, Musaeus, and
Thamyris, were Thracians. Notwithstanding the Hermes
tradition' of the invention of the lyre in Egypt, the

Egyptians seem to have adopted it themselves from

Assyria or Babylonia,

To define the lyre, it is necessaiy clearly to separate it

from the allied harp and guitar, both, as far as we have

record, instruments . as great antiquity. In its primal

form the lyre differs rom the harp, of which the earliest,

simplest notion is found in the bow and bowstring ; while

the guitar (and lute) can be traced back to the typical

" nefer " of the fourth Egyptian dynasty, the fretted

finger-board of which, permitting the production of difi'erent

notes by the shortening of the string, is as difi'erent in

conception from the lyre and harp as tho flute with holes

to shorten the column of air is from the syrinx or Pandean

pipes. The frame of a lyre consists of a hollow body or

sound- best (^x"°*'^- From this sound-chest are raised

two arms (Tijxf )> ••'hich are sometimes hollow, and are

bent both outward and forward. They are bound near

the top by a crossbar or yoke (i,vy6v, ^u'yoi/ta, or, from its

having once been a reed, KaAa/tos). Another crossbar

(/jciyas, vnoXvpiov), fixed on the sound-chest, forms th«

bridge which transmit.s the vibrations of the strings. The
deepest note was the farthest from the player ; but, as the

strings did not differ much in length, more weight may have

been gai .d for tho deeper notes by thicker s^'"gs, as in

the violin and similar modern instruments, .ey were

tuned with slacker tension. The strings were never of

wire, the drawing of which was unknown to the natioas

of antiquity, but of gut (xop&rj, whence chord). They were
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ttretcLed between the yoke and bridge, or to a tailpiece

beloir the bridge. There were two ways of tuning : one

was to fasten the strings to pegs which might be turned

(Ko^Aa/Jo^ KoXAojres)
J
the other was to change the place of

the atriug upon the crossbar; probably both expedients

were simultaneously employed It is doubtful whether

7 )("P^ot6vo'; meant the tuning key or the part of the

mst-ument wheio the pegs were inserted. The extensions

of the arms above the yoke were known as Ktpara, homs.

.

The number of strings varied at different epochs, aad
possibly in different localities,—four, seven, and ten having

been favourite numbers. ITiey were, as already said, used

without a finger-board, no Greek description or representa-

tion having ever been met with that can be construed as

tefeifing to one. Nor was a bow possible, the flat sound-

boar5 being an insuperable impediment. The plectrum,

bowever (TrX^icrpov), was in constant use at all times. It

was held in the right hand to set the upper strings in

vibration (upeKciV, Kpoveiv t<3 irAvjKTpw) ; at other times it

hung from the lyre by a ribbon. The fingers of the left

hand touched the lower strings (>j/dXXuv).

With Greek authors the lyre has several distinct names

;

but we are unable to connect tuese with ' anything like

sertainty to the varieties of the instru-

ment. Chelys (xeXus, "tortoise") may
Biean the smallest lyre, which, borne by
one arm or supported by the knees,

offered in the sound-chest a decided

resemblance to that familiar animal
That there was a difference between
lyre and cithara (KiOdpa)- is certain,

Plato and other writers separating them.

Hermes and Apollo had an altar at

Olympia in common because the former

had invented the lyre and the latter

th<3 cithara. Perhaps the lyre and chelys

on the one hand, and the cithara and ^'°- ^—*^,?ly!; *.™1'
, .

.^1 i, •! a v.ise m the Bntisli
phorminx on the other, were similar or jiusenm, where also

nearly identical. Apollo is said to

have carried a golden phorminx. But
lyre has always been accepted as the

generic name of the family, and under-

stood to include all varieties. The large lyre was sup-

ported by a strong ribbon slung over the player's shoulder,

passing through

holes beneath the

yoke in the arms
of the instru-

ment, and caught

by the player's

left hand, the

ends hanging in a

sasli-like fashion.

This cithara, or, it

may be, phorminx
(^op/iiyf, " port-

able lyre "), is fre-

quently, by the

vase painters, de-

lineated as so held,

P—the plectrum, at-

tached bv another

ribbon, beihg re-

presented, when
not in use, ' as

pendent, or as in-Fio. 2.—Cithara or Photninx, from s viusa in

terlfced between the British Muscoid Beet neruvi ^? fJieek

the string* *'^-

Passing by ine 8tor> ol tne discovery ot the lyre trom «
libntiog tortoiao-ahell by Hermes, we will glance at tho

are fragments of

saich an instrument,

the back of which
is of shell.

real lyres of Egypt and Semitic Asia. The Egyptian lyre

is unmistakably Semitia The oldest representation thai
has been discovered is in one of the tombs of Beni Hassan,
the date of the painting being in the 12th dynasty, that
is, shortly before the invasion of the shepherd kings. In
this painting, which both Rosellini and Lepsius have
reproduced, an undoubted Semite carries a seven or
eight stringed lyre of fan-shaped form. The instrument
has a four-cornered body and an irregular four-cornered
frame above it, and the player carries it horizontally

from his breast, just as a modern Nubian would his

kissar. He plays as he walks, using both hands, a
plectrum being in the right This ancient lyre, dat-

ing 2000 B.C., exists to this day in a remarkable speci-

men preserved in the Berlin Museuni (fig. 3), and is

found again in form as well as in manner of holding in

the Assyrian lyre

cf Khorsabad.

During the rule

of 'the shepherds

the lyre became
naturalized in

Egypt, and in the

18 th dynasty it

is frequently de-

picted, and with

finer grace of

form. In the

19th and 20th

dynasties the lyre

is sometimes stiU

more slender, or^'J- 3.

is quite unsym-

metrical and very strong, tho horns surmounted by heads

of animals as in the Berlin one, which has horses' heads at

those extremities. Prokesch copied one in the ruins of

Wadi Haifa, splendid in blue and gold, with a serpent

wound round it. . The Egyptians always strung their lyres

fan-shaped, like the modern Nubian kissar. Their paintings

shew three to eight or nine strings, but the painters' accuracy

may not be unimpeachable ; the Berlin instrument had

fifteen. The three-stringed lyre typified the three

seasons of the Egyptian year—the water, the green, and

the harvest; the seven, the planetary system from the

moon to Saturn. The Greeks had the same notion of thp

harmony of the spheres.

'

There is no evidence as to wliat the stringing of the Greek lyre

was in the heroic age. Plutarch says that Olympus and Terpaniler

used but three strings to accompany their recitation. As the four

strings led to seven and eight by doubling the tetvachord, so tlie

trichord is connected \rith the hexachord or six-stringed lyre de-

picted on so many archaic Greek vases. We cannot insist on the

accuracy of tliis representation, the vase painters being so little

mindful of the complete expression of details ; yet we may sui>pos9

their tendency would be rather to imitate than to invent a number.

It was their constant practice to represent the strings as being

damjied by the fingers of the left hand of the player, after having

been struck by the plectnim which he held in the right hand.

Before the Gi-eek civilization had assumed its historic form, there

was likely to be great freedom and independence of different locali-

ties in the matter of lyre stringing, which is corroborated by the

antique use of the chromatic (half-tone) and enharmonic (quarter-

tone) tunings, pointing to an early exuberance, as in language

when nations are young and isolated, and perhaps also to an Asiatic

bias towards refineiiients of intonation, from which came the xpoa'i

the hues of tuning, old Greek modifications of tctrachords entirely

disused in the classic period. The common scale of Olympus

Egyptian Ljre now at Berlin. Drawtf

by permission of Director-General Schone."

remained, a double trichord which had sei-ved as the scaffolding fo*

the enharmonic varieties.

We may regant the Olyraims stale, however, as consisting of two

tctrachords, iJidiiig oue interval in each, for tho,tetrachord, oi!
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series of four notes, was vcrj' cnrly adopted as tlic fuiidamontiil

priuciiilo of Greek music, and its oii"iii in the lyiv itself apinars
sure. The basis of the tetrachonl is the employment of the thumb
and first three fingers of the left liand to twang as many strings,

the little finger not being used on account of natural weakness. As
ft 8Ucces>>ion of three whole tones would form the disagreeable and
Butunable interval of a tritonus, two whole tones ami a haU-tono
were tuned, fi.'iing the tetrachord in the consonant interv.nl of tljo

perfect fourth. This succession of four notes being in the grasp of

the hand was called auWaSi'i, just as in lani^uage a group of Icttois

incapable of further reduction is called syll.ible. In tlic combina-
tion of two syllables or tetr.iohords the modern diatonic scales

resemble the Greek so-called disjunct scale, but the Greeks knew
nothing of our categorical distinctions of major and minor. We
might call the octave Greek scale minor, according to our descend-

ing minor form, were not the keynote in the middle the thumb
note of the deeper tetrachord. The«i:;iper tetrachord, whether
starting from tlie keynote (conjunct) or from the note above
(disjunct), was'of exactly the same form as the lower, the position

of the semitones being identical. The semitone was a limnia

(Kfliifia), rather less than the semitone of our modern equal
temperan'ieut, the Greeks tuning both the whole tones in the

tetrachord by the same ratio of S : 9, which made the major third

a dissonance, or rather would have done so had they combined tliem

ill what we call harmony. In melodious sequence the Greek
tetrachord is decidedly more agreeable to the ear than the cor-

responding series of our equal tenmerament. And although our
scales are derived from combined rachords, iu any system of

tuning that we employ, be it just, mean-tone, or equal, they are less

logical than the conjunct or disjunct systems accepted by the Greeks.

But modern harmony is not compatible with them, and could not
have arisen on the Greek melodic lines.

The conjunct scale of seven notes

m
•ttribntcd to Terpander, was long the norm for stringing and tuning
the lyre. When the disjunct scale

P^
theoctove scale attributed to Pythagoras, was admitted, to preserve

the time-honoured seven strings one note had to be omitted ; it was
therefore customary to omit the C, which in Greek practice ivas a
dissonance. The Greek names for the strings of seven and eight

stringed lyres, the first note being highest in pitch and nearest the

player, were as follows:

—

Nclc, Paranete, Piimmesc ; Afcse, Lichanos,

Parhypale, ITypatc ; or Ncte, Paranete, Trite, Paramese ; Mcse,

Zichanas, Parlujpate, Eypate,—the last four from Mese to Hypate
being the finger tetrachord, the others touched with the plectrum.
The highest string in pitch was called the last, vii-n] ; the lowest
in pitch was called the highest, uTrarij, because it was, in theory
at least, the longest string. The keynote and thumb string was
liiail, middle ; the next lower was \ixai'o%, the first finger or lick-

finger string ; rplrt], the third, being in the plectrum division,

was also known as oJeTa, sharp, perhaps from the dissonant quality
which we have referred to as the cause of its omission. The plect-

rum and finger tetrachords together were SiaTtaaav, through all ; iu

the disjunct scale, an octave.

In transcribing the Greek notes into our notation, the absolute
pitch cannot be represented ; the relative positions of the semitones
are alone determined. Wo have already quoted the scale of

Pythagoras, the Dorian or true Greek succession ;

—

Shifting the semitone one degree upwards in each tetrachord, we
have the Phrygian

i ^2Z- E^^
Another degree gives the Lydian

which would be our major scale of E were not the keynote A. The
names imply an Asiatic origin. We will not pursue further the
much debatoil question of Greek scales and their derivation ; it

i»ill suffice here t9 remark that the outside notes of the tetrachords
were fixed in their tuning as perfect fourths,—the inner strings

^ing, as stated, in diatonic sequence, or when chromatic two half-

tones were tuned, wlien enharmonic two quarter-tones, loaviii'»
respectively the wide intervals of a minor and major third, and bot£
impure, to complete the tetrachord. (A. J. H.)

LYRE-BIIiD, the name by which one of the most
remarkable feathered inhabitants of Australia is commonly
known, the Meunta siiperha or M. iiovce-holUnuliii: oi orni-
thologists. First discovered, January 24, 17D8, on the
other side of the river Nepcan in New South Wales by an.

exploring party from Paramatta, under the leadership of
one Wilson, a single example was brought into the settle-

ment a few days after, and though called by its finders a
" Pheasant "^from its long tail—the more learned of the
colony seem to have regarded it as" a Bird-of-Paradise.*

A specimen having reached England in the following year„
it was described by General Davies as forming a new genua
of birds, in a paper read before the Liunean Society of
London, November 4, 1800, and subsequently published
in that Society's Transticlitins (vi. p. 207, pi. xxii.), no
attempt, however, being made to fix its systematic place.

Other examples were soon after received, but Latham, who
considered it a Gallinaceous bird, in 1801 knew of only
five having arrived. The temporary cessation of hostilities

in 1802 permitted Vieillot to become acquainted with this

form, though not apparently with any published notice o£
it, and he figured and described it in a supjjlement to his

Oiseaux Bores as a Bird of Paradise (ii. pp. 30 sj.,'pls.

14-16), from drawings by Sydenham Edwards, sent hini

by Parkinson, the manager of the Leverian Museum.

^

It would be needless here to enter at any length on the
various positions which have been assigned to this singula*

form by different systematizers—who had to judge merelj
from its superficial characters. The first to describe any
portion of its anatomy was Eyton, who in 1841 {Ann.
Nat. History, vii. pp. 49-53) perceived that it was truly »

member of the Order, then called Insessores, and that it

presented some points of affinity to the South American
genus Ptero2^toclms

;

' but still there were many who could
not take advantage of this step in the right direction. In
18G7 Professor Huxley stated that he was disposed to divide

his very natural assemblage the Coracomorphs (essentially

identical with Eyton's Insessores) into two groups, "one
containing Meiiiira, and the other all the other genera
which have yet been examined" (Proc. Zool. Soc, 1867,

p. 472)—a still further step in advance.'' In 1875 the
present writer put forth the opinion in this work. (Birds,

vol. iii. p. 471) that Menura had an ally in another

Australian form. Atrichia (see ScRUB-plKD), which he had
found to present peculiarities hitherto unsuspected, and

accordingly regarded them as standing by themselves,

though each constituting a distinct Family. This opinion

was partially adopted in the following year by Garrod, who
{Proc. Zool. Society, 1876, p. 518) formally placed these

> Collins, Account of New Soutli, Wcdes, ii. pp. 87-92 fLondon,

1802).
" Vieillot called the bird " Le ParVjnson "

! and hence Bechstein, wht
seems to have been equally ignorant of what had been published io
Engl.and concerning it, in 1811 (Kurie Cebersicht, kc, p. 134), desig-

nated \l Parkin.toniiiS mirabilisW Shaw also, prior to 1813, figured

it {Xut. Miscellany, xiv. p. 577) under the name of /'«ra<iwfaj)arfa.'»-

soniana. The name " Menum lyra, Shaw," was quoted by Lesson it

1831 (TV. il'OmilMogic, p. 473), and has l>ecn repeated by mrarf

copyists of synonj-my, but the present writer cannot find that such i

name was ever applied by Sluw. Vieillot's principal figure {ut suj r.i,

whicli has a common origin wi'h that given by Collins, has been extcti

sivcly copied, in spite of its inartistic not to say inaccurate dr.i^\-ing;.

It is decidedly inferior to that of Davies (ut titpra), tlie original

describer anil^clineator.

» He subsequently (Osteol. Avium, pp. 07. 98, pL 3, F and j:1. H\
described and figured the skeleton. i

* Owing to the inipcrfeclion of the specimen at his disposal, Profes.sor

Huxley's brief description of the bones of the head in Mmura is not
absolutely correct. A full description of them, with elaborate fignnw,
is given by Professor Parker in the same Societj''s Transactioiu (it

pp. 306-309, pi. Ivi. figs. 1-6).
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two genera together in Lis group of Abnormal Acromyodian

Oscines under the name of Mennrinx , but the author sees

no reason to change his mind, and herein he is corroborated

by Mr Sclater, who has recently {Ibis, 1880, p. 345)

recognized at once the alliance and distinctness of the

Families Meiiuridx and Atrichiidx, forming of them a

group which he calls Fseudoscines.

Since the appearance in 1865 of Gould's Uandhook to

the Birds of Australia, little if any fresh information has

been published concerning the habits of this form, and the

account therein given must be drawn upon for what here

follows. Of all birds, says that author, the Menura is the

most shy and hard to procure. He has been among the

rocky and thick " brushes "—its usual haunts—hearing its

loud and liquid call-notes for days together without get-

ting sight of one. Those who wish to see it must ad-

vance only while it is occupied in singing or scratching up

the earth and leaves; and to watch its actions they must

keep perfectly still—though where roads have been made

through the bush it may be more ofteri observed and even

approached on horseback. The best way of procuring an

example seems to be by hunting it with dogs, when it will

spring upon a branch to the height of 10 feet and afford

an easy shot ere it has time to ascend further or escape as

it does by leaps. Another method of stealing upon it is

said to be practised by the natives, and is attained by the

hunter fixing on his head the erected tail of a cock-bird,

•which alone is allowed to be seen above the brushwood.

The greater part of its time is said to be passed upon the

ground, and seldom are more than a pair to be found in

company. One of the habits of the cock is to form small

round hillocks, which he constantly visits during the day,

mounting upon them and displaying his tail by erecting it

over his head, drooping his wings, scratching and pecking

at the soil, and uttering various cries—some his own natural

notes, others an imitation of those of other animals. The
wonderful tail, his most characteristic feature, only attains

perfection in the bird's third or fourth year, and then not

until the month of June, remaining until October, when

the feathers are shed to be renewed the following season.

The food consists of insects, especially beetles and

inyriapods, as well as snails. The nest is always placed

near to or on the ground, at the base of a rock or foot of

a tree, and is closely woven of fine but strong roots or

other fibres, and lined with feathers, around all which is

heaped a mass, in shape of an oven, of sticks, grass, moss,

and leaves, so as to project pver and shelter the interior

structure, while an opening in the side affords entrance

and exit. Only one egg is laid, and this of rather large

size in proportion to the bird, of a purplish-grey colour,

suffused and blotched with dark purplish-brown.i

Incubation is believed to begin in July or August, and

the young is hatched about a month later. It is at first

covered with White down, and appears to remain for some
weeks in the nest. How much more is needed to be

known for a biography of this peculiar and beautiful

creature may be inferred by those who are aware of the

diligence with which the habits of the much more easily

observed birds of the northern hemisphere have been

recorded, and of the many interesting points which they

present. It is greatly to be hoped that so remarkable a

form as the Lyre-bird, the nearly sole survivor apparently

of a very ancient race of beings, will not be allowed to

become extinct—its almost certain fate so far as can be

judged—without many more observations of its manners

' The nest and egg of Menura albert!, now in the British Museum,
are figured in Proc. Zoo!. Society, 1853, Aves, pi. 63. The egg of

M, victoria is represented in Journ. fur Ornithohgie, 1856, pi. ii.

fig. 18, under the name of M. mperbn, but the real egg of that species

dues not seem to hare keen figured at all

being made and fuller details of them placed on record.

The zoologists of Australia alone can do this, and tlie

zoologists of other countries expect that they will.

Several examples of Menura have been brought alTve to

Europe, but none have long survived in captivity. Indeed

a bird of such active habits, and requiring doubtless

facilities for taking violent exercise, could not possibly be
kept long in confinement until the method of menageries

is vastly improved, as doubtless will be the case some
day, and, we may hope, before the disappearance from the

face of the earth of forms of vertebrate life most instructive

to the zoologist.

Three species of Menura have been indicated—the old

M. superha, the Lyre-bird proper, now known for more
than eighty years, which inhabits New South Wales, the

southern part of Queensland, and perhaps some parts of

the colony of Victoria ;, M. victorix, separated from the

former by Gould {Proc. Zool. Soc, 1862, p. 23), and said

to take its place near Melbourne; and M. alberli, first

described by C. L. Bonaparte {Consp. Avium, i. p. 215) on
Gould's authority, and, though discovered on the Richmond
river in New South Wales, having apparently a more
northern range than the other two. AU those have the

apparent bulk of a hen Pheasant, but are really much
smaller, and their general plumage
is of a sooty brown, relieved by
rufous on the chin, throat, some of

the wing-feathers, and the tail-

coverts. The wings, consisting of

twenty-one remiges, are rather

short and rounded ; the legs- and
feet very strong, with long, nearly

straight claws. In the immature
and female the tail is somewhat
long, though affording no very

remarkable character, except the

possession of sixteen rectrices; but

in the fully -plumaged male of

M. superha and M. victorix it is

developed in the extraordinary

fashion that giv«s the Tjird its

common English name. The two

exterior feathers (fig. 1, a, b) have

the outer web very narrow, the

inner very broad, and they curve

at first outwards, then somewhat inwards, and near the tip

outwards again, bending round forwards so as to present a
lyre-like form. But this h not aU ; their broad inner web,

!!

Fig. 2. Fig. 3.

which is of a lively chestnut colour, is apparently notched at

regular intervals by spaces that, according to the angle at

which they are viewed, seem either black or transparent; and

this effect is, on examination, found to be due to the barbs

' The metatarsals are very remarkable in form, as already DOticod bj

Eyton {loe. cit.), and their tendons strongly omilied.
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at those spaces being destitute of barbules. The middle

pair of featliers (fig. 2, a, b) is nearly as abnormal. These

have no outer web, and the inner web very narrow ; near

their base they cross each other, and then diverge, bending

round forwards near their tip. The remaining twelve

feathers (fig. 3) except near the base are very thinly fur-

nished with barbs, about a quarter of an inch apart, and

those they possess, on their greater part, though long and

flowing, bear no barbules, and hence have a hair-like

appearance. The shafts of all are exceedingly strong. In

the male of M. alberti the tail is not only not lyriform, but

the exterior rectrices are shorter than the rest. (a. n.)

LYSANDER was the leading spirit of Lacedemonian

policy at the end of the Peloponhesian War. He is said

byiElian and Athenseus to have been of servile origin, and

by Plutarch to have belonged to a Heraclid family. His

father was named Aristoclitus or Aristocritus. He first

appears in history when sent to command the fleet on the

Ionian coast in 407 B.C. The story of his skilful diplomacy,

of his influence with Cyrus the younger, of his naval victory

at Notium, of his quarrel with his successor Callicratidas

in 406, of his reappointment in 405, of the decisive victory

at ./Egospotami, and of the capitulation of Athens in 404,

belongs to the history of Greece. After his return to

Sparta his pride and vanity became boundless ; he was

celebrated by poets, and even worshipped in some places

as a god. The restraint of life in Sparta, and the enemies

whom he had there, were irksome to him, and he soon

went to Asia Minor. He had established in all the Greek

cities associations which maintained an oligarchical govern-

ment, and his power over them was so great as to increase

the jealousy felt for him at home. He was recalled to

Sparta, and the machinations of the Persian satrap

Pharnabazus brought him into danger. He had soon after

the triumph of being sent with an army to support the

oligarchy in Athens ; but the king (Pausanias) was sent

after him with a second army, and made terms with the re-

stored Athenian democracy. When King Agis died in 398,

Lysander worked to secure the succession for Agesilaus,

but after two years he found that he had helped his most

dangerous enemy. He began to concert revolutionary

schemes, but had not proceeded to any overt act when he

was sent with an army into Bceotia. He did not wait the

arrival of Pausanias with an auxiliary army, but attacked

Haliartus, and was slain in the battle, 395 B.C. He was
buried on the road from Delphi to Chaeronea, and a

monument was erected on his tomb. It is to his credit

that, after the power and opportunities he had enjoyed, he

died a poor man.
LYSIAS, whose name follows those of Antiphon and

Andocides on the list of the ten Attic orators, marks an
important stage in the development of Greek literary prose,

and is, in his own province, one of its most perfect masters.

He never acquired the Athenian citizenship, but most of

his years were passed at Athens ; and his life has the

interest of close personal association with the most criti-

cal period in the history of the Athenian democracy.

His extant work belongs to the space from 403 to 380
B.C., but the date of his birth is uncertain. Dionysius of

Halicarnassus, and the author of the life ascribed to

Plutarch, give 459 B.C. This date was evidently obtained

by reckoning back from the foundation of Thurii (444
B.C.), since there was a tradition that Lysias had gone
thither at the age of fifteen. Modern critics would place

his birth later,—between 444 and 436 B.C.,—because, in

Plato's EepublY, of which the scene is laid about 430 B.C.,

Cephalus, the father of Lysias, is among the clramalis

persoux, and the emigration of Lysias to Thurii was said

to have followed his father's death. Tlie latter statement,

however, rests only on the Plutarchic life ; nor can Pluto's

dialogue be safely urged as a minutely accurate authority

for a biographical detail. We must be content to say that,

while the modern view avoids some difiiculties, the higher

date assigned by the ancient writers is not inconsistent

with any ascertained fact, while it agrees better with the

tradition that Lysias reached, or passed, the age of eighty.

On the other view, all traces of his industry, previously un-

remitting, would cease abruptly at the age of sixty-six.

Cephalus, the father of Lysias, was a native of Syracuse

On the invitation of Pericles he had settled at Athens as

a " resident alien " (/icVotKos). The opening scene of

Plato's Republic is laid at the house of his eldest son,

Polemarchus, in the Peiraeus. Cephalus complains that the

visits of Socrates have been rare of late, and expresses the

hope that he will come oftener, and without ceremony, as

to intimate friends. The tone of the picture warrants the

inference that the Sicilian family were well known to Plato,

and that their houses must often have been hospitable to

such gatherings as the Republic supposes. Thus we have

an indirect, but very interesting, confirmation of the phrase

used by Dionysius in regard to Lysias—" he grew up in

the society of the most distinguished Athenians."

At the age of fifteen—when Cephalus, according to the

Plutarchic life, was now dead—Lysias removed from

Athens to Thurii, the Athenian colony newly planted ou

the Tarentine Gulf, near the site of the ancient Sybaris.

There the boy may have seen the historian Herodotus,

—

another of Thurii's early residents,—now a man in middle

life ; and it pleases the imagination to think that, in their

new Italian home, a friendship may have grown up between

these two, neither of them an Athenian by birth, yet alike

in a simple grace which Athens loved, and alike also in the

love which they bore to Athens. At Thurii Lysias is said

to have commenced his studies in rhetoric,—doubtless

under a master of the Sicilian school,—possibly, as tradition

said, under Tisias, the pupil of Corax, whose name is

associated with the first attempt to formulate rhetoric as

an art. In 413 B.C. the Athenian armament in Sicilj-

suffered that crushing disaster which at the moment seemed',

to imperil the eastence of Athens itself. The desire tO'

link famous names is curiously illustrated by the ancient

ascription to Lysias of a rhetorical exercise purporting to

be a speech in which the captive general Nicias appealed

for mercy to the SicOians. The terrible blow to Athens

quickened the energies of an auti-Athenian faction at

Thurii. Lysias and his elder brother Polemarchus, with

three hundred other persons, were " accused of Atticizing
"

('ATTtK(o-/ioi' ' iyK\rietl<TL),—a. charge which, under the

circumstances, implies an honourable loyalty. They were

driven from Thurii

Lysias and Polemarchus now settled at Athens (412 B.C.).

They were rich men, having inherited property from their

father, Cephalus ; and Lysias claims that, though merely

resident aliens, they discharged public services with a liber-

ality which shamed many of those who enjoyed the franchise

(oi'x o/iOHDS jU.CTOiKoCi'Tas tooTrtp ouroi inoXiTfvovro,

hi Eratostk, § 20). The fact that they _owned_ house

property shows that they were classed as io-oTtAcis, i.e.,

foreigners who paid only the same tax as citizens, being

exempt from the special tax (ixctoIklov) on resident aliens.

Polemarchus occupied a house in Athens itself, Lysiaa

another in the Peiraeus, near which was their shield manu-

factory, employing a hundred and twenty skilled slaves.

This life of comparative peace and prosperity was broken

up by the defeat of Athens at jEgospotami (405- b.c.)^

In the next spring Athens surrendered to Lysander. The

Thirty Tyrants were established at Athens under the protec-

tion of a Spartan garrison. One of their earliest measures

was an attack upon the resident aliens, who were represented

as disafl"ected to the new government. As foreign residents
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saccessful in commerce, tLe Attic metot'loi were exposed at

tnch a time to perils like those of the Jews in a wediieval

iity, or in modern Russia- Lysias and Polemarchus were

?»n a list of ten singled out to be the first victims.

tolemarchus was arrested, and received " the usual

jaessagc" (to eiOia-fJLtvov 7rapayycA/xo, In Eratosth., § 17)

"to drink the hemlock." Lysias had a narrow escape,

with the help of a large bribe and a lucky accident. He
slipped by a back-door out of the house in which he was a

prisoner, and took boat to Megara.

After the expulsion of the Thirty Tyrants, the democracy

pOB formally restored in the autumn of 403 B.C. Lysias

Spears to have rendered valuable services to the exiles

during the reign of the tyrants, both by his own liberality

and by procuring aid from other quarters. Thrasybuhis

Jiow proposed that these services should be recognized by

ihe bestowal of the citizenship. The proposal happened

|o be informal in one particular. The senate of five hun-

dred had not yet been reconstituted, and hence the measure

iould not be introduced to the ecclesia by the requisite

* preliminary resolution " (irpoPovXtv/jLa) of the senate. On
lliis ground it was successfully opposed; and Lysias missed

tliD reward which he had so well earned. That passage

of his 'OXv/ijrtaKos (§ 3) in which he claims to give advice

AS a good citizen seems to breathe the feeling that, if he

tsas still but an alien at Athens, he was at least a true

-jToAmjs of Greece.

The last chapter of his life now opens. He is no longer
' >te wealthy merchant, superintending his shield manu-
f factory in the Peiroaus. The pillage by the tyrants, and
pis own generosity to the Athenian exiles, had probably

left him poor. He now appears as a hard-svorking member
ttf a new profession,—that of writing speeches, to be

delivered in the law-courts. The thirty^four compositions

jextant under his name are but a small fraction of those

WWch the ancient world posselsed. From i03 to about

,
380 B.C. Ids industry must have been great and incessant.

The notices of his personal life in these years are scanty.

In 403 he came forward as the accuser of Eratosthenes,

i»ne of the Thirty Tj'rants, and delivered the splendid.oration

which we possess. This was his only direct contact with

Athenian politics. The story that Lysias wrote a defence

tor Soerates, which the latter declined to use, probably

arose from a confusion. Several years after the death of

Socrates the sophist Polycrates composed a declamation

gainst him ; and to this Lysias replied with a defence of

the philosopher. A more authentic tradition represents

Lysias as having spoken his own " Olympiacus " at the

Olympic festival of 388 B.C. The occasion was one of

^culiar interest. Dionysius I., tyrant of Syracuse, had
lent to the festival a magnificent embassy. Tents

embroidered with gold were pitched within the sacred

enclosure ; and the wealth of Dionysius was vividly brought
before the minds of the Panhellenic concourse by the

number of chariots which he had enter'ed for the most
«)stly and brilliant of the Olympic contests. This was
the moment at which Lysias lifted up his voice to denounce
Bionj'sius as, next to Artaxerxes, the worst enemy of

Hellas, and to impress upon the assembled Greeks that one
«f their foremost duties was to deliver Sicily from a hateful

expression. The latest work of Lysias which we can date

(a fragment of a speech "For Pherenicus ") belongs to 381
or 380 B.C. He probably died in or soon after 3S0 b.c.

The qualities of the man are expressed in his work

;

indeed, it is through this, rather than through the recorded

facts of his biographj', that he becomes a living person to

MS. It is a kindly and genial nature which we see reflected

there,—warm in friendship, ioyai to country,—vr^ta a keen
perception of character, and a fine, though strictly con-

tfelkd. sense of humour. The literary tact which is so

remarkable in the extant speeches is that of a singularly'

flexible intelligence, always obedient to an in.stinct of

gracefulness. Among the earlier artists of Greek pro.=e

Lysias owes his distinctive place to the power of concealing

his art. The clients of the professional " speech-writer,''

like those of the modern advocate, might be of all sorts

! and conditions. The modern advocate, however, speaks in

his own person. The Athenian " logograpber " merely
wrote the speech which his client delivered. It was
obviou.<;Iy desirable that .such a speech should be suitable

to the age, station, and circumstances of the person into

whose moutk it was put. Lysias was the first disciple of

Greek rhetoric who succeeded in making this adaptation

really artistic. He aiin€d, not merely at impressive effect

in eloquence, pathos, or argument, but at dramatic
))ropriety. Hence it was absolutely essential for him to

abandon the stiff and monotonous splendour of the earlier

and cruder rhetoric. He could not achieve his purpose'

unless he brouglit his art into harmony with the ordinary

idiom of everyday life. His client must appear to be

speaking as the citizen, who was not a professed rhe^

torician, might conceivably speak. Lysias achieved this

reconciliation with a skill which can be best appreciated

if we turn from the easy flow of his graceful language to

the majestic emphasis of his predecessor Antiphon, or to .

the self-revealing art of his successor Isseus. Translate^

into terms of ancient criticism, the achievement of Lysias

is described by saying that he became the model of the
" plain style " (Icrxros xapaKxy'ip, icrp^i'i), Xm;, 6.<f>(\rj<; Xe'^ts;

(/eiins tenue or snbtile). From the latter part of the 4*U
century B.C. onwards, Greek, and then Roman, critics

distinguished three styles of rhetorical composition—the
" grand " (or " slxborate "), the " plain," and the " middle."

These epithets were relative to the language of daily

life,—the "plain" being nearest to this, and the

"grand" fm-thest from it. Greek rhetoric began in the
" grand " style ; then Lysias set an exquisite pattern of

the "plain"; and Demosthenes might be considered as

having effected an almost ideal compromise. Wo moderns
perhaps cannot fully seize that nameless and undefinable

grace (x^P's) of Lysias which the Greek critic of the

Augustan age indicates in such striking words :

—

" \nien I am puzzled .ibout one of the speeches ascribed to him,"
says Dionysius, " aud vheu it is hard for me to find the tmtli by
other marks, I Iiave recourse to tliis excellence, as to the last piece

on the board. Then, it* the graces of speecli seem to me to mako
the writing fair, I count it to be of the soul of I.ysias ; and I care

not to proba the question further. But if the stamp of tlie lan-

guage lias no winningness, no loveliness, 1 am chagrined, and sus-

pect that, after all, the speech is not by Lysias ; and I do no mora
violence to ray instinct (ouKeVi $ioi(ofiai rrjv lSi\oyoy a1a-0T]criy)t even

though iu all else the speecli seems to me clover and well finished,

—

believing that to write well, in special styles other than thi.', ia

given to many men, but that to write winuiugly, gracefully, with

loveliness, is the gift of Lysias" (Diouys., Vc Lys., ii.).

The more salient traits of the Lysian style can be

recognized by all. The vocabulary is pure and simple;.

Most of the rhetorical "figures" are sparingly used,

—

except such as consist in the parallelism or opposition of

clauses. The taste of the day,—not yet emancipated from

the influence of the Sicilian rhetoric,—probably demanded

a large use of antithesis as an essential condition of

impressive speaking. Lysias excels in vivid description
;

he has also a happy knack of marking the speaker's

character by light touches. The structure of his sentences

varies a good deal according to the dignity of the subject

He has equal command over the "periodic" style

(KaTe<rrpaixfj.ivri Xe'^is) and the non-periodic or " continuous"

{flpofxivi), 8ia\(:\vfx.cvrj)—using now one now the other, or

blending them, according to circumstances. His dispo.si-

tion of his subject-matter is always simple. The speecli

has usually four parts,— introduction (Trpooiixiov), nurrativa
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o{ tacis (iirjyrj&i^), pioufs (jticttcis), wliicli'may be cither

external, as from witnesses, or inturiial, derived from
argument on the facts, and, Listly, conclusion (cVAoyos).

It is in the introduction and the narrative that Lysias h
seen at his best. In his greatest extant speech—that

"Against Eratosthenes"—and also in the fragmentary

" Olympiacus," he has pathos and fire; but these were
not characteristic qualities of bis work. In Cicero's judg-

ment, Demosthenes was peculiarly distinguished by force

{vis), j^ilschines by resonance (sonitits), Hyperides by
acuteness {acumen), Isocratef^ by sweetness {svaviicu) ; the

distinction which he assigns to Lysias is sultvlihis, an Attic

refinement,—which, as he elsewhere says, is often joined to

an admirable vigour {lacerti), (Cic, De Or., iii. 7, § 28;
Bnitus, g 04). The judgment is interesting as showing
how a Tloman critic of unquestionable competence recognized

the peculiar place of Lysias in the development of Greek
oratory. Nor was it oratory alone to which Lysias rendered

service ; his work had an important effect on all subsequent

Greek prose, by .showing how perfect elegance could be

joined to plainness. Here, in Lis artistic use of familiar

idiom, he might fairly be called the Euripides of Attic

prose. And his style has an additional charm for modern
readers, because it is employed in describing scenes from
the everyday life of Athens.^

Tliirty-four spccclie-s (of which tluec aro fragmentary) have eoine

Jowu under the name of Lysias ; no I'ewer tliau one hundred and
twenty-seven more, now lost, are known from smaUer fragments or

from titles. In the Augustan age four hundred and twenty-five

works bore his name, of which more tlian two huudied were allowed

as genuine by the critics. The enormous number of ascriptions

indicates that Lysias was reputed to Iiave been a feitilo writer.

Our tliirty-four works may be classified as follows :—

A. ElMDElCTIc.—1. Olympiacus, xxxiii., 388 B.C.; 2. Ejiita-

pliius, ii. (purporting to have been spoken during the Corinthian

War; certainly spurious), perhaps composed about 380-3-10 B.C.

B. Delibeuative.—Plea for the Constitution, xxxiv., 403 B.o.

C. ' Forensic, in Public CAUsrs.—L Hclntinij to Offences

dircdbj against the SInle {ypatfa} iinxoirlwv aSiKruiiTui') ; such as

treason, vialvcrsaCion in office, anbcztlcinoit of public moneys. 1.

For Polystratus, xx., 407 B.C.; 2. Defence on a Cliarge of Taking
Bribes, xxi., 402 B.C.; 3. Against Ergocles, xxviii., 389 B.C.; 4.

Against Epicrates, xxvii., 389 B.C.; 5. Against Niconiacluis, xxx.,

399 B.C.; 6. Against the Corndealers, xxii., 386 B.C. (?) IL Cause
relating to Unconstitutional Procedure {ypaip^ 7rapa.v6iJ.uv). On the

Property of the Brother of Nicias, xviii., 395 B.C. 111. Causes

relating to Claims/or Money withheld fro)u the State {awoypa<pai).

1. For the .Soldier, ix. (probably not by Lysias, but by au imitator,

writing for a real cause), 394 B.C. (?) ; 2. On the Property of Aristo-

j>hanes,xix., 387 B.C.; 3. Against Pliilocrate.s, xxix., 389 B.C. IV.

Causes relating to a Scrutiny (SoKifiacria) ; especially the Scrutiny,

by the Senate, of Officials Designate. 1. Against Evandrus, xxvi.

,

882 B.C. ; 2. For Mantitheus, xvi.,392 B.C.; 3. Against Philon.xx.xi.,

lietween 404 and 395 B.C.; 4. Defence on a Charge of Seeking to

Abolibli the Democracy, xxv., 401 B.C.; 5. For the Invalid, xxiv.,

402 B.C. (?) V. Causes relating to Military Offences (ypa(pa\ Kinora-

Hou, do-Tparcfos). 1. Against Alcibiadcs, 1. and I), (xiv., xv.),

395 B.C. VI. Causes relating lo Murder or Intent to Murder
{ypaapal (p6vov, rpaifiaros iK irpocofas). 1. Against Eratosthenes,

xii., 403 B.C.; 2. Against Agoratus, xiii., 399 B.C.; 3. On the Murder
of Eratosthenes, i. (date uncertain) ; 4. Against Simon, iii., 393
CO.; 5. On AVounding with lutent, iv. (date uncertain). VI.

Causes relating to Impicly (ypa<f>a\ ia-iBetas). 1. Against Audo-
cides, vi. (certainly spurious, but perhaps contemporary) ; 2. For
Callias, v. (date uncertain); 3. On the Sacred Olive, vii., not be-

fore 395 B.C.

D. FoiujNSR', i.v PinvAiK CAU.SES.—I. Action for Lihcl (S/wr,

KaK-oyopiai). Against Theumnestus, x., 384-3 B.o. (the so-ralled

second speech, xi., is merely an epitome of the first). 11. Jetton by

a Ward against a Guardian (SIk-tj ^jriTpoir^r). Against Diogeitnn,

xxxii., 400 B.C. III. Trial of a Claim to Proprrly (iiaZiKaala).

On the Property of Eraton, xvii., 397 B.C. IV. Ansuvr to a
Special Plea (irpij vapaypaip^v). Against Pancleon, xxiii. (date

uncertain).

K. JIiscELLA.vRous.—1. To his Companions, a Complaint
of Slanders, viii. (certainly Biuiiious) ; 2; The ipuniK6s in

Plato's Phicdrus, pp. 230 E-23-1. .This has generally been

' For a detailed account of the life, the st.vie, and tliu works of

Lysias, the reader is ri leneil to J ebb I'he Attic Uratorsfroni Anlijihon

to Isectis, vol. i. pii. 142-31t>.

regarded as Plato's own work ; but the certainty of this conclusion
will be doubted by those who observe (1) the elaborate preparations
made in the dialogue for a recital of the €>«TiK(is which shall be
verbally exact, anir(2) the closeness of the criticism made upon it.

If the satirist were merely analysing his own composition, such
criticism would have little point. Lysias is the earliest witor who
is known to have composed 4purMoi ; it is as representing both
rhetoric and a false ipas that he is the object of^ attack m tha
Phsedrus.

F. Fragments.—Three hundred and fifty-five of these are
collected by Sanpiie, Oratores Altici, il 170-216. Two hundred
and fifty-two of them represent one hundred and twenty-sevea
speeches of known title ; and of six the fragments are comparatively
large. Of these, the fragmentary speech " For Phercnicus " belongs
to 38) or 380 B.f., and is thus the latest known work of Lysias. '.

In literary and historical interest, the first place among the ex-
taut speeches of Lysias belongs to that "Against Eratosthenes" (403
B.C.), one of the Thirty Tyrants, whom Lysias arraigns as the
murderer of his brother Polcmarchus. The speech is an eloquent
and vivid piotiue of the reigu of terror which the thirty established
at Athens ; the concluding appeal, to both parties among the
citizens, is especially powerful. Next in importance is the speech
"Against Agoratus" (399 B.C.), one of our chief authorities for the
internal history of Athens during the months which immediately
followed the defeat at .ffigospotami. The " Olympiacus " (388 B.C.)
is a brilliant fragment, expressing the spirit of the festival at Olym-
pia, and exhorting Greeks to unite against then- common foes. Ine
" Plea for the Constitution " (403 B.C.) is interestiug for the manner
in which it argnes that the weUbeing of Athens—now stripped of
empire—is bound uj) with the mamtenance of democratic principles.
Tlie speech " For Mantitheus " (392 B. o. ) is a graceful and animated
portrait of a young Athenian Uirfii, making a spirited defence of
his hoiionr against the cliarge of disloyalty. The defence "For tba
Invalid" is a humorous character-sketch. The speech "Against
Pancleon " illustrates the intimate relations between Athens and
Plataaa, while it gives us some picturesque glimpses of Athenian town
life. The defence of the person who had been charged with destroy-
ing a moriiz, or sacred olive, places us amidst the country life of
Attica. And tlic speech " Against Theomnestus" deserves attention
for its curious evidence of the way in which the ordinary vocabulary
of Athens had changed between 600 and 400 B.a

All MSB. of Lysias yet collated have been derived, as H. Sauppe ifirst showed,
from the Codex Pnlalinus .\ (Heidelberg). The next most vpluuble MS. is tha
Lauiciitianns C (15th cenluiy), which I. Bekker chiefly followed. Speaking Rtnel
nilly, we niity say that these two MSS. are the only two which carry much,
weight where the text is seriously corrupt. In OraU. i.-ix. Bekker occasionally
consulted eleven other MSS.. most of which contain only these nino speeches :

viz., SInrciani F. G, I, K (Venice) ; Laurentiani D, E (Florence); Valicani JI, Nj
Tarisini U, V; Urbinas O.

Lysiiis in Orafores Atlki, ed. I. Bekker, 1828; ed. G. S Dobson, wiUl variorum
notes, ]8-'S; ed. J. G. Baiter and Hermann Sauppe, 1S50. In Teubner's series,

ed. Carl Seheibe. l.st ed. 1852, 2d ed. (based on C. L. Koyser'8 collation of XX
1876. Text, ed. Cobel, 1863. Sclerlions from Lysias and jEschines, ed. BremI,
1S2C. Selections from Lyhias, ed. llauchenstein, 18C4 ; ed. Frohberger, 1868;
cd. Jebb, in ."^defl ions .from ttie Altir Orators. 1880. Gennan tranalulion, with
notes, by Baur (1803) ; and of selections, by Westermoun (1869). (R. C. J.)

LYSIMACHUS, son of Agathocles, a TLessalian m the

service of Philip of Macedon, was born about 361 b.o.

During Alexander's campaigns he was one of his im-

mediate bodyguard ; he distinguished himself in India,

and was appointed a trierarch when Alexander constructed

his fleet on the Hydaspes. After the death of Alexander,

Lysimachua was appointed to the government of Thraca

and the district about the Chersonese. For a long time

the Odrysiaus under their kiiig Seuthes caused him so

much trouble that he could take very little part in the

struggles of the rival satraps ; but in 316 he joined the

alliance which Cassaiider, Ptolemy, and Seleucus made!

against Antigonus. In 309 he founded Lysimachia va,

a commanding situation on the neck connecting the

Chersonese with the mainland. He followed the example

of Antigonus in taking the title of king. When in 302

the second alliance between Cassander, Ptolemy, and

Seleucus was made, Lysiniaclius, reinforced by troops from

Cassander, entered Asia Minor, where he met with little

resistance. On the approach of Antigonus he retired into

winter quarters near Heraclea, marrying its wiaowed queeu

Amastris, a Persian princess. Seleucus joined him in 301,

and the decisive battle was fought in the plain of Ipsus
j

Antigonus was slain, and his dominions divided among tha

victors, Lysimachus receiving the greater part of Asia

Minor. Feeling that Seleucus was becoming dangerouslj

great, he now allied himself with Ptolemy, marrying hi»



120 L Y 8 — L Y T
daughter Arsinoe. Amastris returned to Heraclea. During
the absence of Autigoiius's son Demetrius in Greece,

Lysimachus seized his towns in Asia Jlinor and rebuilt

Ephesus, calling it Arsinoe. He tried to carry his power
beyond the Danube, but was defeated and taken prisoner

by the Getae, who, however, set him free on amicable

terms. After Demetrius had entered Slacedon to help

Alexander against his brother Antipator, and by murdering
the former had gained possession of the whole countrj', he
invaded Thrace, but had to retire in consequence of a
rising in Bceotia, and an attack from Pyrrhus of Epirus.

[n 287 Lysimachua and Pyrrhus invaded Macedon.
Demetrius marched against Pyrrhus, thinking the Mace-
donians would not light against Lysimachus, one of

Alexander's companions in arms ; but his army went over

to Pyrrhus, and he was obliged to fly. Lysimachus claimed

H share of the kingdom and received it. Demetrius, cross-

ing into Asia Minor, seized Caria and Lydia, but Agathocles,

the son of Lysimachus by an Odrysian princess, was sent

against him, and forced him to retreat into the territory of

Soleucus, who obliged him to surrender. Lysimachus
attacked Pyrrhus and Demetrius's son Antigonus, now his

ally, and forced Pyrrhus to give up part of Thessaly and
tlie whole of Macedon. Amastris had been murdered by
her two sons, and Lysimachus resolved to avenge her ; he
got them into his hands on pretence of friendship and put
them to death. On his return Arsinoe asked the gift of

Heraclea, and he granted her request, though he had
promised to free the city. In 284 Arsinoe, desirous of

gaining the succession for her sons in preference to

Agathocles, intrigued against him with the help of her
brother Ptolemy Ceraunus ; they accused him of conspiring

with Seleucus to seize the throne, and he was put to death.

To remove the disquietude of the Egyptian court, Aga-
thocles being the husband of Ptolemy's daughter Lysandra,
Lysimachus married his daughter Arsinoe to^ the young
Ptolemy Philadelphus. The widow of Agathocles fled to

Seleucus, and war between the latter and Lysimachus soon
followed. In 281 the decisive battle took place at the

plain of Corus, the exact situation of which is doubtful

;

Lysimachus was killed ; after some dajs his body was
found on the field watched by a faithful dog.

Lysiinaclius was a man of distiiiguislicd Inavcry and gi-eat per-
sonal strength ; on one occasion he had killed a lion single-handed,
tlioiigh at the cost of fearful vouuds. He did not rise to iiolitical

imiiortancc till after the battle of Ipsus. Tcuacions and insatiate,
lie framed schemes of aggrandisement till his death, and in pursuit
uf the schemes his craft suggested he was ready to sacrifice even his
owji family.

LYSIPPUS, a Greek sculptor whose professional activity
falls between the years 372 and 316 B.C. In addition
to the sketch with accompanying illustrations of his style

},'iven under Aech-tolooy (vol iL p. 361, figs. 9 and 11), it

may here be stated that the head of Alexander the Great
(fig. 11 just referred to) is now admitted to be the best
existing representation of the style of Lysippus in portrait

ficulpture. When we read of successful portraits by him
pf Socrates and /Esop, as well as of Alexander, we are driven
to believe that one of the forces of which he was conscious
within himself was that of seizing the spiritual expression
and making it illumine faces and forms which under other
conditions would be more or less repulsive. This in fact is

confirmed by the head of Alexander in the British Museum
(fig. 11 sii/ira). But with the possession of this force it is

diflicult to reconcile the tradition of his having taken as his
model the Doryphorus of Polycletus, the style of which
may be seen in the bronze statuette fig. 6 in the article

AscH.£OiCGy, and, to a less extent, in tig. 7 of the same
article. There everything turns on the refinements of
physical form. It is admitted that Lysippus introduced
great chauges in the accepted rules for the proportloua of

the human figure, and from a number of sculptures traceable
to his time, or shortly after his time, it is not only obvious
but strikingly in contrast with earlier works that the legs
are made long and massive while the body is proportion-
ately shortened, though still retaining a very powerful
rendering of the forms. Among the best examples of this
are two bronze statuettes of Neptune and Jupiter in tha
British Jluseura found at Paramythia in Epirus, or, less

satisfactory, the larger bronze of Hercules from Byblus,
also in the British Museum. In these cases the limbs and
various parts of the figure are studied with extreme skill

worthy of the best time. Yet the combined eS'ect is such
as to do away with the impassive beauty which is ascribed
to Polycletus, and to replace it with a beauty of expression
so far as was consistent with powerful physical form.
One of his w^orks famed in antiquity was a bronze statuette

of Hercules, called Epitrapezius, because, as the story
goes, Alexander the Great carried it with him to be placed
always on his table. A copy of this, in stone, enlarged
somewhat from the original, was obtained by the British

Museum from Babylonia in 1881. It is signed with the
name of an artist, Diogenes, apparently otherwise un-
known, and it bears clearly the evidence of having been
copied from a work in bronze. But except in the face,

ivhich is carefully executed ("argutiae operum custoditae in

minimis quoque rebus " is said of Lysippus by Pliny, A''at.

Hist., xxxiv. 65), the sculpture fs poor and eould not be
quoted as illustrating any particular style of art, though
not inconsistent with the characteristics of Lysippus. With
reference to the marble statue of Alexander the Great in

Munich, standing with one foot raised on a helmet, it ia

clear that this affected attitude, which occurs in several

other existing statues, such as the so-called Jason in

Lansdowne House, cannot fairly be traced to the invention

of Lysippus, since it is to be found twice on the frieze of

the Parthenon. At the same time the merit may belong

to hini, as has recently been claimed, of having first applied

this attitude in producing a new type of the god Neptune for

his temple on the isthmus of Corinth. It was a bolder

step to apply this attitude to a draped female figure aS in

the existing statues of the Muse Melpomene standing with

one foot raised on a rock, and if this was really introduced

into art by Lysippus it would confirm to some extent his

reputation for novelties of representation. But at present

we cannot do more than say that he is known to have
made a group of the Muses for the town of Megara, and
that several statues still exist representing a Muse in an
attitude corresponding with that of the Alexander in

Munich, which is reasonably inferred to be a copy from a
work of Lysippus. If it could be proved that in these cases

Lysippus had worked upon Athenian types, we should then

understand how it happens that in some respects he was
in ancient times classed with the Athenian Praxiteles

(Quintilian, xii. 10, 9, "ad veritatem Lysippum ac Praxis

telem accessisse optime affirmant "), and is still compared
with him so far as the remaining works of both, or copies

therefrom, enable a comparison to be made.

See Kekule, Uchcr den Kopfdcs PraMtdischcn Hermes, Stuttgart,

1881 ; Lange, Diis Motiv dcs aufycstutzien Fusses, Leipsic, 1879.

LYTE, Henry Francis (1793-1847), a well-known
hymn-writer, was born at Kelso, June 1, 1793, received

his early education in Ireland, and entered Trinity College,

Dublin, in 1812, becoming a scholar of that college in the

following year. Having entered deacon's orders in 1815,
he for some time held a curacy near Wexford. Hye did
not long remain in Ireland, however, chiefly because of

infirm health ; and, coming to England, after several

changes he finally, ' in 1823, settled in the parish of

Brixhani, where he laboured until fatal illness Inter-

rupted his work. In 1844 his health, never robust,
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gave way ; and he diea at Nics oq the 20th November,
1847.

Lyte's first work was Talcs in Verse illustrative of several of the
Pditiom in the Lord's Prayer, which was conipletcd during a period
of rest at Lymington, but was not published till the year 18'26 ; it

drew a word of warm commendation from a competent critic in the
Noelea Ambrosianm. He next published a volume of /"ocifis, cliicflij

Hcligians, in 1833, and in the following year a little collection of

psalms and hymns entitled The Spirit of the Psalms. These pro-

ductions were drawn from various sources, but many were his own
;

and the ide* of the book was to express, in language specially

accordant with Christian experience, the leading thoughts contained

in the Psalter. Probably one of the best productions of Lyte's pen
was a finely appreciative memoir of Henry Vaughan, the "Silurist,"

which he prefixed to an edition of his works. After his death, a
volume of Remains with a memoir was published, and the poems
contained in this, with those in Poems, chieftij Jtcligious, were after-

wards issued in one 'volumo. In the region of pure poetry Lyte

cannot bo said to have taken any special rank ; refinement and
pathos, rather than great imaginative power, were the chief marks
of his work. As a divine he was eva.»gelical in doctrine, but his

ecclesiastical sympathies were with the O.tfo'd school ; as a preacher

he was simple, earnest, and graceful in style ; but his chief claim

to remembrance lies in the beauty and spiritual elevation of his

hymns, some of which may be said to have become classical. The
best known are "Abide with me 1 fast falls the eventide"; "Jesus,

I my cross have taken"; "Praise, my sou!, the King of Heaven";
and " Pleasant are thv courts above."

LYTTELTON, George, Lord (1709-1773), statesman

and man of letters, born at Hagley, Worcestershire, in

1709, was a descendant of the great Thomas de Littleton
(f/.v.), and the eldest son of Sir Thomas Lyttelton, Bart.,

who at the Revolution of 1 688 and during the following

reign was one of the ablest Whig debaters of the House of

CJommous. Lyttelton was educated at Eton and Oxford,

and in 1728 set out on the grand tour, spending consider-

able periods at Paris and Home. On his return to England

he sat for Okehampton, Devonshire, beginning public life

in the same year with Pitt; and from 1744 to 1754 he

held the office of a lord commissioner of the treasury. In

1755 he succeeded Legge as chancellor of the exchequer,

but in the following year he quitted office, on which oc-

casion he was laised to the peerage as Lord Lyttelton,

baron of Frankley, in the county of Worcester. In the

political crisis of 1765, before the formation of the llock-

ingham administration, it was at one time suggested that

he might be placed at the head of the treasury, but he

firmly declined to take part in any such scheme). The
closing years of his life were devoted chiefly to literary

pursuits. He died on August 22, 1773.

Lyttelton's earliest publication (1735), Lettersfrom a Pirsian in

England to his Friend at Ispahan, appeared anonymously. Much
greater celebrity was achieved by his Obscrmtiora on the Conversion

and AposUeship of St Paul, also anonymous, published in 1747.

It takes the form of a letter to Gilbert West, and is designed to

show that St Paul's conversion is of itself a suflicient demonstration

of tho divine character of Christianity. The drift of the argument
is that it is equally inconceivable that the apostle could have been

tho victim or the originator of a cheat, and that therefore he must
have been divinely inspired. It is interesting to know that Dr
Johnson regarded the work as one "to whicl\ infidelity has never

been able to fabricate a specious answer.' Lord Lyttelton's

Dialogues of tlw Dead, a creditable performance, though hardly

rivalling either Lncian or Landor, appeared in 17G0. His History

cf Henry II. (1764-67), the fruit of twenty years' labour, is not

now cited as an authority, but is painstaking and fair. Lyttelton

was also a writer of verse ; his Monody on his wife's death has

been praised by Gray for its elegiac tenderness, ani his Prologue to

tho Coriolanus of his friend Thomson shows genuine feeling. Ho
was also the author of tho well-known stai^za in tlie CaslU <^
Indolence, in which tho poet himself is *3cscribed. A complete col-

lection of the lyorls of Lord Lyttelton was published after his

death by his nephew, G. E. Ayscougli. See Memoirs and Corre-

tpoudcnee of Lord LylUlton, 1734-1773 (2 vols., 1846).

LYTTON, Edward George Earle Lytton Bulweb
LvTTos, I!ai!ON (180:5—187.'!), novflist, driuiiatist, i)oi't,

Jiolitioian, iiiiw^ellani'ou.s r.sKayist.lhc iiin.st, vcTsatilc writer

and one of tin' nio.st iictivi'ainl wiili'ly iliscursive tlioori/.cr,'*

M hiHgouCTHtiot;.. v-ip horn May 25, 1803, the youngvst of

in-7*

the three sons ol 'Jeneral Bulwer, of Heydon HaU and
Wood Dalling', Norfolk. He was niuett-eii months older

than Benjamin Disraeli ; the two lives acted not a little

one on the other, and offer many curious points of like-

ne.ss and contrast. Bulwer's father died when he was
four years old; the care of the boy devolved on his mother,
one of the Lyttons of Knebworth, Hertfordshire, whose
name he afterwards assumed. To this devoted and
accomplished mother he always expressed the warmest
gratitude for his early training. He was not sent to a
public school ; he was educated privately.

In his novels and essays he often discusses the

advantages and disadvantages of public schools. One
thing 'is tolerably certain—that if he had been sent to a

public school he would not have published at the age of

seveuteenavolumeof poems (/.s/jj.vp/, nnOrientnll'iile, nith

other Poems, 1820). Generous sentiment and eager love

of fame are more conspicuous in these juvenile productions

than metrical faculty. One of the poems dwells warmly
on the ancient glories of the house of Lytton ; the volume
as a whole is dedicated to " the British public—that

generous public who have always been the fosterers ol

industry or genius, who have always looked forward from
the imperfections oT youth to the fruits of maturity." The
youthful poet criticizes Byron from the point of view of a

respectable household ; but, though he seems to have been

taught to make Pope, Gray, and Collins his models, the

Byronic influence is very apparent both in phrase and ia

sentiment. In the local colouring of the " Oriental Tale "

he gives promise, afterwards amply fulfilled, of painstaking

study of his materials ; and " Geraldine, or the Fatal

Boon," gives a good foretaste of his fertility in the invention

of romantic incident.

At Cambridge, in 1825, Bulwer won the chancellor's

medal with a poem on "Sculpture." In 1826 he printed

for private circulation Weeds and Wild Flowers. In 1827

he published O'Neill, or the Relet, a romance, in heroic

couplets, of patriotic struggle in Ireland, dedicated to Lady
Blessington. These juvenilia, and also a metrical satire.

The Siamese Twins, issued in 1831, he afterwards ignored,

describing y/te iVew Timon as his first publication in verse,

with the exception of his dramas and translations from

Schiller.

Bulwer's first romance, Falkland, published anonymously

in 1827, was in the vein of fantastic German romance

popular at the beginning of the century, and did not bring

him the fame that he coveted so ardently. It was other-

wise with Pelhnm, published in the following year. In

this he went with the native stream of fiction, and at once

made himself felt as a power. For two or three years

before he wrote Pelham, the books of the season had been

novels of remarkable freshness and brilliancy dealing with

fashionable life—Plumer Ward's now forgotten but then

much-talked-of Tren{aiiie, Theodore Hook's Sat/iiiffs and

Doings, Lister's Gi-anhy, Disraeli's Vivian Grey. With

these brilliant celebrities Bulwer, always a chivalrous

emulator of whatever was famous, entered into direct com-

petition, and at once became at least their equal in popular

favour. If we compare this his first novel with any of his

last productions, he strikes us as having attained at a bound

to the full measure of his powe.'s. That he wrote Pelham.

at twcuty-four is a niucli more remarkable fact than that

liewrotoballadsat seven. Tliojilot is not perhaps so closely

woven together as in The Parisians, but the variety of

character introduced from high life, low life, and middle

life is quite as great. He had evidently been fascinated

by Wilhebn Meisler, and the central purpose of his story

is'to run the hero through an apprenticeship like Wilhelm's.

All kinds of human beings and all their works are interest-

ing to Pelham, the man of fashion, the bustling statesman.
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the solfish epicure, the retiring scholar, the reckless rogue

and vagabond, the melodramatic Byronic man of mystery
;'

and his adventures are so contrived as to bring Mm in

tontact with many difTereat types. The novel might have

been called The Londoners ; most of the criticisms of life

tind books in England and the English, published in 1833,

may be foand in Pelham, delivered through the mouths of

various characters. These characters are great talkers ; no

subject, from a rare dish or a nicety of costume to a

painting or a philosophical treatise, is strange to them.

And, curiously enough, the judgments of the youth of

twenty-lour aru as niuturo, as l<iiy,L', catholic, f^vuerous,

widely sy iiii>athetic, as those of the sag* of sixty-eight, and
his knowledge of men and books hardly less extensive.

Pelham displayed—in the literal sense of the word

—

extraordinary vivacity of intellect and range of interest.

The author was yet to prove that with his wonderful

powers of reading, observing, and reflecting was combined
a faculty rarely found in union with such gifts, untiring

rapidity of production. In the preface to his juvenile

" Ismael," he speaks of a habit of his never to leave any-

thing unfinished, and during his long life he began and
finished many works in many different veins. Pelham
was followed in quick succession by The Disotvned (1828),

Devereux (1829), Patd Clifford (1830), Eugene Aram and
Godolphin (1833). Bulwer was deeply impressed with

German theories of art ; all these novels were novels with a

purpose, moral purpose, psychological purpose, historical

purpose. To embody the leading features of a period, of

a phase of civilization, to trace the influence of circum-

stance on character, to show how the criminal may be

leformed by the development of his better nature, and how
men of fine nature may be led stage by stage into crime,

to explain the secrets of success and failure in life—these,

apart from the purely dramatic object of exhibiting inward

struggles between the first conceptions of desires and their

fulfilment, and between triumph and retribution, were his

avowed aims as a novelist. He did not leave his purposes

to the interpreter; he was a critic as well as a creator, and
hs criticized his own works frankly, and laboured to admit

other critics to a fair point of view. It was perhaps a

tribute to the intrinsic interest of his plots, characters, and

descriptions that he was under the necessity of begging

attention to these higher aims. In The Pilgrims of the

Jihine (1834), a work of graceful fantasy, in whi;:h some
of his most acute observations on human life are incorporated

with the sayings and doings of elves and fairies, an

ambitious author is made to complain that " the subtle

aims that had inspired him were not perceived," and that

he was often approved for what he condemned himself.

The Pilgrims, charmingly written in-'many passages, was
too German in its combination of serious thought and
mundane personages with fairies to be heartily welcomed
by the English public. Bulwer was more successful in

Bnother attempt to break new ground in The Last Days
of Pompeii (1834) and Riemi (1835). No historical

Romances dealing with times and scenes so remote were

Ever more widely popular in England, and in aiming at

popularity the author laboured hard to secure historical

Accuracy. In Athens, its Pise and Fall (1836), we re-

ceived in the form of historical essays what had probably

been acquired industriously as materials for romance,

ffwo romances from Spanish history, Leila and Calderon,

published in 1838, aimed at a less realistic treatment, and,

with all their purely literary excellences, were not so popu-

lar. In Ernest Maltravers (1837) and its sequel Alice, or

Tilt Mysteries (1838), the novelist returned to English

ground and psychological and social problems—" the

nffliction of the good, the triumph of the unprincipled."

Critics to whom he failed to make the full purpose of

these works apparent in the execution coniplained of the
low tone of their morality, a fair complaint concerning
most exhibitions of vice as a warning.

To his other literary labours Bulwer superadded for

soiDfi time the editorship of a magazine. He succeeded

Campbell as editor of The New Monthly in 1833. la
1838 he projected a magazine called The Monthly Chronicle,

and contributed to it as a serial story the fantastic romance
"ZiccL" The magazine expirecl before the story was com-
pleted, and it was afterwards developed into Zanoiii, a
romance of which he was himself especially proud, and
which suffered in public estimation from being tried by
realistic standards.

During the most productive period of his literary life

Bulwer was an eminent member of parliament. He waa
returned for St Ives in 1831, and sat for Lincoln from

' 1832 to 1841. He spoke in favour of the Reform Bill,

and took the leading part in obtaining the reductiou,

after vainly trying to procure the repeal, of the newspaper
' stamp duties. His support of the Whigs in parliament,

and by a pamphlet on " the crisis " when they were

dismissed from office in 1834, was considered so valuable

that Lord Melbourne offered him a place in the administra-

tion. His intimacy with Radical leaders at this period

exposed him to an undeserved charge of tergiversation when
later in life he was a member of a. Conservative Govern-

ment Charles Buller and Charles Villiers were among
his friends at Cambridge ; he was an admiring student of

Bentham ; Mill's Essay on Government was the text-book

on which was founded " Pelham's " instriJction by his uncle

in the principles of politics ; J. S. Mill contributed the

substance of the appendices to England and the English,

on Bentham and Mill; Godwin suggested to him the

subject and some part of the plot of Eugene Aram ; he

even succeeded in winning the good opinion of Miss

Martineau ; but we have only to read his speech in favour

of the Reform Bill to see that it was the situation that had
changed and not the man when he assailed the repeal of

the corn laws, and took office under Lord Derby. Bnlwer's

leading political aim, like his leading artistic aims, waa

early formulated, and the formula governed all his political

reasoning : it was to " aristocratize the community," " to

elevate the masses in character and feeling to the standard

which conservatism works in aristocracy," a standard not

of wealth or pedigree but of " superior education, courte-

ous manners, and high honour." Hence it was "social

reforms" from first to last that enlisted his interest, and
he sought the motive power for these reforms in the

public spirit of the classes enfranchi'sed by the Reform

Act of 1832.

There was a slight break in Bnlwer's career as a novelist

between 1838 and 1847. During this interval he ai>

plied himself enthusiastically to play writing,—Macready's

management of Covent Garden having inspired - men of

letters with the hope of reconciling poetry with the stage.

In 1836 he had produced The Duchess of La Valliere. It

waa a failure. But in 1838 and the two following years

he produced three plays which have kept the stage ever

since

—

The Lady of Lyons, Richelieu, and Money. In his

plays as in his novels definite theory preceded ezecntion.

Tt' principles on which he wrote his plays were laid dowu
in his chapter on the drama in Enahiwl nml the En^liiih.

For many of the details of stagecraft, all-important to

success under any principles, he is said to have been

indebted to Macready. No Englishman not himself an

actor has written so many permanently successful plays as

Bulwer Lytton, and this is another instance of his

extraordinary plasticity of mind and practical insight.

Thirty years afterwards, in 1869, he turned his .thoughts

again to writing for the stage, recast an old failure with a
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new title The Rightful Heir, and produced a new comedy^
Walpole. Neither was a success.

From 18il to 1852 Bulwer (he assumed his mother's

name of Lytton ou succeeding to her estates iq 1843) had
no seat in parliament. But the issue of novels and
romances was not so rapid as it had been in .the full energy

of his youth. Before 1849, when he opened a new vein

with The Caxtons, he produced five works in his familiar

vein:

—

Night and ilormug (1841, in which the influence

of Dickens is traceable), Zanoni (1842), The Last of the

Barons (1843, the most historically solid, and perhaps the

most effective of his romances), Lucretia, or the Children

n/theJViglU (1847; moral purpose—^to exhibit the horrors

caused by the worship of money; popular effect—disgust

at these horrors, and indignation at the author's sentiment

as morbid), Harold, The Last of the Saxon Kings (1848).

The causi of the comparative infertility of this period

in prose fiction probably was that Lytton was now making
a determined effort to win high rank as a poet. He
published a volume of poems in 1 842, a volume of transla-

tions from Schiller in 1844, The New Timon, a satire, in

1845.^ Then came the work on which mainly Lytton

rested his pretensions, King Arthur, a romantic epic. " I

am unalterably convinced," he said, " that on this founda-

tion I rest the least perishable monument of those thoughts

and those labours which have made tte life of my life."

But King Arihur fell flat. The verse, the six-lined stave

of elegiac quatrain and couplet, lacks charm and variety;

the incidents are monotonous, the personages uninteresting,

the plot unexciting, and the allegory obscure. St Stephen's,

a gallery of parliamentary portraits from the time of Queen
Anne, was. a kind of metrical composition that lay more
within his powers. In this the satire is keen-edged, the

admiration just and generous. It was published in 1860.

The Lost Tales of Miletus (186&) and a translation of

Horace's Odes (1869) were Lytton's last essays in verse.

In the skill with which he sustained a new style in The
Caxtons (1848) Lytton gave a more convincing proof of

his versatility. This imitation of Sterne (by no means a
servile imitation, rather an adaptation of Sterne's style and
characters to the circumstances of the 19th century) ap-

peared anonymously in Blachvood's Magazine, and made a

reputation before the author«(hip was suspected. My Novel

(1853) and Wliat will He Do with Jt f (1858) continued

in the same strain. The sub-title of il/y Novel, " Varieties

of English life," shows still operative the same purpose

that we find in Pelham, but the criticism of the " Varieties
"

is more polemical in spirit. There is more than a shade
of defiance in his praise of the virtues of a territorial

aristocracy, and a strong spice of hostility to the vulgarities

of the manufacturers who threatened to push them from
their stools. There is a • blindness to defects in the one
case and to merits in the other quite foreign to the broad
Byrapathics of the dandy Pelham; Caxton paints the ideal

best of the one class and the ideal worst of the other.

In these, aa in all Lytton's novels, the characters are pla>,ed

on the stage and described ; they are not left to reveal

themselves gradually in action.

Lytton returned to parliament in 1852 as member for

Hertfordshire, and sat on the Conservative side. Early in

life he had decided in his mind against the reduction of

the corn duties, and, unchanged in 1851, he addressed a
" Letter to John Bull," enlarging on the dangers of their

repeal. Incapable of failure in any intellectual exercise

that he set his mind to, he was an effective speaker ; but
the effort was against nature ; he could speak only under
extreme excitement or after laborious preparation, and he

' A feeble ntt&ck in tho last on filr Tcnnvhon's poetry provoked a
brusque hut powerful reply from the cnrogctl Uureate, aimed at liin

lUfiiaUunt'ti personality.

never took a high place among parliamentary orators. Hs
was colonial secretary in Lord Derby's Government front

1858 to 1859, and threw himself industriously into the
duties of his ofBce, He was raised to the peerage as Baroa
Lytton in 1866.

That he had not forgotten his power of moving the sense
of melodramatic and romantic mystery when he adopted
the more subdued style of The Caxtons, Lytton proved by
A Strange Story, contributed to All the Year Round in
1862. A serial story of the kind made a new call on his
resources, but he was equal to it, and fairly rivalled the
school of Dickens in the art of sustaining thrilling interest

to the close.

Wlien lie dif^l, January IS, IS".'?, after a short paiiiiii;

illness, two worke of high repute, Tlie Coming Race and
The Parisians, vrere not acknowledged, and were only
vaguely suspected to be his. They had freshness enongh
to be the work of youth, and power enough to shame- no
veteran. These two books, the fable and the novel, are
olussptl liy I>yfrtnii's Hdn ami siu'cessor in tlie title witik

the romance of Kenelm Chillingly, left completed at his

death, as forming a trilogy, animated by a common purpose,
to exhibit the influence of " modern ideas " upon character

and conduct. The moulding force whose operation is traced

in The Parisians is the society of imperial and democratic
France, in Chillingly the society of England in relation t»
its representative institutions. The leading purpose is kept
well in view throughout both works, and the tendencies to
corruption analysed and presented with admirable skill;

but the theorist has omitted from bis problem certaia

important regenerating and safeguarding factors in the.

large world outside the pale of society. Problems and
theories apart, these last works show no falling off of

power ; he is as vivid as ever in description, as fertile as

ever in the invention of humorous and melodramatic srtna-

tion. If he had been content to abandon his yurpose ic

Chillingly, and end with the first volume by some eucb
commonplace contrivance as giving " motive power " to
his hero in the love of Cecilia Travers, it would have been
the most perfect of his works in unity of humorous senti-

ment. The veteran author died in harness,—two novels' all

but completed ; another, an historical romance. Pa-manias

the Sparta7i, outlined and partly written.

The fact that in the fiftieth year of his authorship, after

publishing at least fifty separate works, most of them
popular. Lord Lytton had still vigour and freshness enough

to make a new anonymous reputation with The Coming
Race would seem to indicate that critics had not fairly-

gauged his versatility, and also that an erroneous fixed

idea had been formed of his style. The explanation prob-

ably is that even after the publication of The Caaions be

•was thought of in connexion with that school of

melodramatic romance of which he was indisputably th«

leader, if not the founder, and that heavily loaded rhetoriod:

style which was made ridiculous by his imitators. " Every

great genius," one of his characters is made to say, " mniit

deem himself alone in his conceptions. It is not enougk

for him that these conceptions should be approved as good,

unless they are admitted as inventive." Invention and
originality are matters of degree, and, though no one caw

deny that Ljftton possessed great inventive powers, he dH
not put that individual stamp on his work without vihiak.

no writer is entitled to a place in the foremost rank. H«
was not self-centred enough; he was too generally emulous

to win the highest individual distinction. . But his frQ8b>

ness of thought, brilliancy of invention, breadth and variety

of portraiture, gave him a just title to his popularity, and,

with all allowance for superficial affectations, his generoae

nobility of sentiment made his influence as wholesome as

it was widespread. <w, m. )
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M
MTHE letter M denotes a tiasai sound, which varies

little, if at all, in different languages.

Nasal sounds are produced as follows. The breath

—

turned into voice at its passage through the glottis—does

not pass out wholly through the mouth. Part of it is

diverted behind the soft palate, and so through the

nostrils ; the remainder passes through the mouth-cavity,

and- is there completely checked at some point of its course.

When that check is taken away, we hear, not the sonant

which would have been produced if -lU the breath had

passed through the mouth, but a nasal varying in nature

according to the part of the cavity where the check of the

tongue or the lips has been applied. There may be as

many' definite nasal sounds in any language as there

are recognized classes of consonants, as guttural, palatal,

dental, labial. In Sanskrit there were even five nasal

sounds so clearly dififerentiated that each had a special

symbol to denote it ; the cerebral class of sounds (produced

by turning the tip of the tongue slightly back against the

middle of the palate) had its nasal as well as each of the

other four classes above mentioned. In English we have

three sounds, but only two simple symbols, m and n ; for

the guttural nasal heard in sing, &c., we employ the digraph

Tig. Spanish has a palatal nasal.

The nasal sound denoted by M is the labial nasal.

It corresponds to the sonant 6-sound ; for each of them

the lips are completely closed, and if no voice were

diverted through the nostrils a J-sound only would be

heard when the lips are opened ; all the organs of the

mouth are in exactly the same position for one sound as

for the other, but, the soft palate being lowered, the voice

is divided in its egress. Hence we see why a man who
has a cold pronounces to as 6 ; the voice cannot get

through the nostrils, which are blocked up; it must

therefore escape mainly or entirely through the lips, and

so produce a 6-sound. Therefore, instead of "talking

through his nose," as the phrase goes, such a person tries

to talk through his nose, but cannot.

The symbol M stands in numeration for 1000. See

Alphabet.
MA.AS Sbq \l.EU3Eto

MABILLON, Jean (1632-1707), the learned and dis-

criminating historian of the Benedictine order, was born

at the village of Saint Pierremont, Champagne (now in

the department of Ardennes), on November 23, 1632.

He received his early education from an uncle who held the

post of village cur6 in the neighbourhood, and afterwards

he went to Kheims, where, in 1653, he entered upon his

noviciate in the Benedictine Abbey of Saint Remy, taking

the vows in the following year. The following four years

were spent at various houses of the order, to which he was

sent on account of his health, impaired by excessive study.

From 1658 to 1663 he was at Corbie, and in 1664 he

assisted Chantelon at Saint Denis in the preparation of a

new edition of the works of St Bernard. Shortly after-

wards he was removed to Saint-Germain-des-Pr^s, and

charged with the task of editing materials which had

already been amassed for a general history of the Benedic-

tine order. While engaged on this work {Ada Sanctorum,

ordinis S. Bentdidi in sxculorum classes distribuia), the

publication of which, in 9 vols, folio, extended from 1668

to 1701, he made several journeys, for literary research,

into Germany and Italy, as well as into the provinces of

France ; amongst the more important of the numerous

monographs to which his investigations gave rise, the work

De Be Diplomatica, which appeared in 1681, deserves

special mention (see Liiplomatics). Mabillon died at

Saint-Germain-des-Pr(5s, on December 27, 1707.
For a complete list of his works reference may be muile to Baylo's

Dictionnairc,. or to the Biographie 6&ii6rale. They incluJc, bo-

sides those mentioned above, Vetera Analecta, 1675-85 (a work
similar in character to the Miscdlanca of Baluze) ; Animadversionts
in Vindicias Kctnpenses, 1677 (in which he claims the Imilatio for

Gersen) ; De Liturijia Gallicana, 1685 ; Museum Ilaliaim, 1687-89

;

and Annales Ordinis S. Bcnedicti, 6 vols. £ol., 1703-39. .

MABINOGION. See Celtic Litekatuee, ^ol. v. p.

321.

MABUSE. See Gossaet.

MACAO (A-Ma-ngao, " Harbour of the goddess A-Ma ":

Portuguese, Macau), a Portuguesesettleraent on the coast of

China, in 22° N. lat. and 132° E. long., consists of a tongue

of land li square miles in extent, running south-south-west

from the island of Hiang Shang (Portuguese, Angam) on

the western side of the estuary of the Canton river. Bold

and rocky hills about 300 feet in height occupy both

extremities of the peninsula, the picturesque-looking city,

with its flat-roofed houses painted blue, green, and red,

lying in the far from level stretch of ground between.

The forts are effective additions to the general view,

but do not add much to the real strength of the place.

Along the east side of the peninsula -runs the Praya

Grande, or Great Quay, the chief promenade in Macao,

on which stand the governor's palace, the administrative

offices, the consulates, and the leading commercial estab-

lishments. The church of St Paul, erected between 1594

and 1602, the seat of the Jesuit college in the 17 th

century, was desti'oyed by fire in 1835. The Hospital

da Misericordia (1569) was rebuilt in 1640. The Camoens

grotto—where the exiled poet found leisure to celebrate

the achievements of his ungrateful country—lies in a

secluded spot to the north of the town, which has been

partly left in its native wildness strewn with huge granite

boulders and partly transformed iuto a fine botanical

garden. In 1871 there were in Macao 5375 persons of

European birth or extraction, 53,761 Chinese living on

land and 10,268 in boats. Half-castes are very numerous.

Though most of the land is under garden cultivation, the

mass of the people is dependent more or less directly on

mercantile pursuits ; for, while the exclusive policy both

of Chinese and Portuguese which prevented Macao

becoming a free port till 1845-46 allowed what was once

the great emporium of European commerce in eastern Asia

to be outstripped by its younger and more liberal rivals,

the trade of the place is stUl of very considerable extent

Since the middle of the century indeed much of it has. run

in the most questionable channels': the nefarious coolie traffic

gradually increased in extent and in cruelty from about

1848 till it was prohibited in 1874, and much of the actual

trade is more or less of the nature of smuggling. The total

value of exports and imports was in 1876-77 upwards of

£1,536,000. Commercial intercourse is most intimate

with Hong-Kong, Canton, Batavia, and Goa.
_

The pre-

paTation and packing of tea is the principal industry in

the town. The colonial revenue, which is largely recruited

by a tax on the notorious gambling tables, increased from

104,643 dollars in 1856-57 to 380,012 in 1872-73, while

the expenditure rose from 69,757 to 266,344.

In 1557 the Portuguese were permitted to erect factories on the

peninsula, and in 1573 the Chinese built the wall across the isthmus

which still cuts olF the barbarian from the rest of the island.

Jesuit missionaries established themselves on the spot, and in 158^
Gregory XIII. constituted a bishopric of Macao. A senat* w»s
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figSiized in 1583, an3 in 1623 Jeronimo de Silveira became first

royal governor of Macao. Still the Portuguese reniaineil largely

iinJer the' control of the Cliiuese, who had never sunendered their

territorial rights and maintained their authority by means of

mandarins,—these insisting that even European criminals should

be placed in their hands. Ferreira do Amaral, the Portuguese

governor, put an end to this state of things in 1849, and left

the Chinese officials no more authority in the peninsula than

the representatives of other foreign nations ; and, though his

antagonists procured his assassination (August 22J), his successors

have succeeded in carrying out his policy. The Chinese Govern-

ment has hitherto refused (notably in 1862) to recognize the terri-

torial claims of the Portuguese ; but the European powers treat

Macao as defacto a colonial possession, and not only the governor,

the president of the courts, and other Portuguese officials, but even

the Chinese magistrates, are directly appointed by the king of

Portugal. For a short time in 1802, and again in 1808, Macao
was occupied by the English as a precaution again.sl seizure by the

French,

See De Beaiivolr, Voyo'ji Rotmd the V^orJd, 1870; Wiselins, **ilacaasche
toestanden," lo Tijdt, ran firl Aardr. Oen., 1877 ; Relatorio e doctinieutos $obre n
aboH^ao da cinigia^do de Cltinas contralados em ilaeuu, Lisbon. 1874; EncUsh
parliamentary papers on t)ie coolie trade, 1874 ; Biker, iUin. soitre o titabeteci-

fneAfo dfjtfacau, Lisbon, 1879.

MACAROXI (from dialectic Italian maccare, " to bruise

or crush ") is a preparation of wheat originally peculiar to

Italy, in which country it is an article of food of national

importance. The same substance in different forms is also

known as vermicelli, pasta or Italian pastes, taglioni,

fanti, (fee. These substances are prepared from the hard

semi- translucent varieties of wheat which are largely culti-

vated in the south of Europe, Algeria, and other warm
regions, and which are distinguished by the Italians as

grano duro or grano da 'semolino. Hard cheats are much
richer in gluten and other nitrogenous compounds than the

soft or tender wheats, and their preparations are more
easily preserved, to which conditions their suitability for

the manufacture of Italian pastes are mainly due. The
various preparations are met with in the form of fine thin

threads which constitute .vermicelli, so called from its

thread-worm like appearance,- thin sticks and pipes

(macaroni), small lozenges, stars, disks, ellipses, kc (pastes),

and ribbons, tubes, and other fanciful forms. These
various fonr^s are prepared in a uniform manner from a

granular meal of hard wheat which itself, under the name
of semolina or semola, is a commercial article. The
semolina is thoroughly mixed and incorporated into a stiff

paste or dough with boiling water, and in the hot condition

it is placed in a strong metallic cylinder, the end of which
is closed with a thick disk pierced with openings which
correspond with the diameter or section of the article to

be made. Into this cylinder an accurately fitting plunger

or piston is introduced, arid by very powerful pressure it

causes the stiff dough to squeeze out through the openings
in the disk in continuous threads, sticks, or pipes, as the

case may be. ^Vhen pipe or tube macaroni is being made,
the openings in the disk are widened internally, and
mandrels, the gauge of the tubes to be made, are centired

in them. In making pastes the cylinder is laid horizontally,

the end is closed with a disk pierced with holes having the

sectional form of the pastes, and a set of knives revolves

close against the external surface of the disk, cutting off

the paste in thin sections as it exudes from each opening.

Macaroni is dried rapidly by hanging it in long sticks or

tubes over wooden rods in. stoves or heated apartments

through which currents of air are driven. It is only

genuine macaroni, rich in gluten, which can be dried in

this manner ; spurious fabrications wade with common
flour and coloured to imitate the true material will not

bear their own weight Imitations must therefore be laid

out flat and dried slowly, during which they very readily

split and break up, while in other cases they become mouldy
on the inside of the tubes. True macaroni can be

distinguished by observing the flattened mark of the rod

over wbich it Los been dried within the bead of Uietub^ :

it has a soft yellowish colour, is rough in texture,"^eTastic,

and hard, and breaks with a smooth glassy fracture. In

boiling it swells up to double its original size without

becoming pasty or adhesive, maintaining always its original

tubular form without either rupture or collapse.^ It can

be kept any length of time without alteration or deteriora-

tion, and it is on that account, in many circumstances, a

most convenient as wellas a highly nutritious and healthful

article of food. In its various forms it is principally used

as an ingredient in soups, and for the preparation of

puddings, with cheese, ic. Many of the good qualities of

genuine macaroni may be obtained by enriching the flour

of common soft wheat with gluten obtained iu the prepara-

tion of wheaten starch, ant^ proceeding as in the case of

semolina. Such imitations, and others of inferior quality,

are extensively made both in France and Germany.

MACARTNEY, Geokoe Macakt-vey, Earl of (1737-

1806), was descended from an old Scotch family, the

Macartneys of. Auchinleck, who had settled in 1649 at

Lissanoure, Antrim, Ireland, where he was born May 13,

1737. After graduating at Trinity College, Dublin, ia

1759, he became a student of the Inner Temple, London.]

Appointed envoy-extraordinary to Russia in 1764, he suc-j

ceeded in negotiating an alliance between England and that

country. After for some lime occupying a seat in the

English parliament, he was in 1769 returned for Armagh
in the Irish parliament, in order to discharge the duties of

chief secretary for Ireland. On resigning this office he

received the honour of knighthood. .In 1775 he became

governor of Granada, in 1780 governor of Madras, and in

1785 he was appointed governor general of Bengal, but, his

health demanding his return to England, he declined to

accept office. After being created earl of Macartney in

the Irish peerage, he was appointed in 1792 the first envoy

of Britain to China. On his return from a confidential

mission to Italy he was raised to the English peerage in

1796, and in the end of the same year was appointed

governor of the newly acquired territory of the Cape of

Good Hope, where he remained till ill health compelled

him to resign in November 1798. . He died at Chiswick,

Surrey, 31st March 1806.

An account of Macartney's embassy to China;''by Sir Georg»

Staunton, was published in 1797, and has been frequently re-

printed. See also Life and Writings of Lord.MgfaHncy, by

Barrow, 2 vols., London, 1807.

JIACASSAR. See Celebes, voL y. p. 288.'

MACAULAY, Thomas BABrN'OTOK Macaitlay, Lord

(1800-1859), was bora at Rothley Temple, Leicestershire,

on the 26th of October 1800. His father, Zachary

Macaulay, had been governor of Sierra Leone, and was

in • 1800 secretary to the chartered company who had

founded that colony. Happy ia tia home, the boy

at a very early age gave proof of a determined bent

towards literature. Before he was eight years of age he

had written a Compendium of Universal History, which gave

a tolerably connected view of the leading events from the

creation to 1800, and a romance in the style of Scott, in

three cantos, called the Battle of Cheviot. At a little later

time the child composed a long poem on the history of

Glaus ^fagnns, and a vast pile of blank verse eatitled

Fingal, a Poem in Twelve Books.

The question between a private and a public school was

anxiously debated by his parents, and decided in favour of

the former. The choice of school, though dictated by

theological considerations, was a fortunate one. Mr Preston

of Little Shelford enjoyed the confidence of Mr Simeon,

but was himself a judicious tutor ; and at his table, where

master and pupil dined in common, not only the latest

Cambridge topics were mooted, but university ambitions

and ways of thought wei:^ brought hove to the boya
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In October 1818 young ilacan^ay went into residence

bt Trinity College, Cambridge. Here be revelled in tbe
possession of leisure and liberty, wbicb he could not forego

for tbe sake of those university honours which at that day
TOiere only to be obtained by a severely exclusive course of

in&thematical study. But he succeeded in obtaining the
prize which in his eyes was the most desirable that

Cambridge had to give, viz., a fellowshifb at Trinity. A
triding college prize for an essay on the character of

William ILL was awarded to an essay by young ilacaulay,

which may be regarded as the first suggestion and the

earnest of his future History.

In 1826 ilacaulay was called to the bar and joined the

northern circuit But after the first year or two, during
which he got no business worth mention, he gave up even
the pretence of reading law, and spent many more hours

.under the gallery of the House of Commons than m the

«Durt. His first attempt at a public speech, made at an
anti-slavery meeting in 1824, was described by the

JBdinburgh Revitw as " a display of eloquence of rare and
matured excellence." His first considerable appearance in

print was in No. 1 of Knights Qitarterly Magazine, a
jieriodical which enjoyed a short but brilliant existence,

^d which was largely supported by Eton and Cambridge.
In August 1825 began Macaulay's connevijn with the

periodical which was to prove the field r:' his literary

Deputation. The Edinburgh Revieio was -t this time at

its height of power, not only as an organ uf the growing
spinion which leant towards reform, but as a literary

Sribunal from which there was no appeoL The essay ou
Hiltan, though so crude that the author said of it that "it

contained scarcely a paragraph such as his matured
judgment approved," created for him at once a literary

xeputation which suffeced no diminution tu the last, a
xeputation which he established and confirmed, but which
it would have been hardly possible to make more con-

spicuoua Murray deokred that it would be worth the

copyright of Childe Harold to have ilacaulay on the staff

«f the Quarterly Eevieio. Robert Hall, writhing with pain,

and well-nigh worn out with disease, wSs discovered lying

on the floor employed in learning by aid of grammar and
dictionary enough Italian to enable him to verify the

parallel between Milton and Dante. The family breakfast

table was covered with cards of invitation to dinner from
every quarter of London.

The sudden blaze of popularity kindled by a single

essay, such as are now produced every month without

attracting any notice, is partly to be explained by the

Wearth of literary criticism in England at that epoch. For,

though a higher note had already been ^sounded by Hazlitt

and Coleridge, it had not yet taken hold of the public

siind, which was still satisfied with the feeble apprecia-

tions of the Retrospective, or the dashing and damnatory
improvisation of Wilson in Blackwood or Jeffrey in the

Edinburgh. Still, after allowance made for the barbarous

partisanship of the established critical tribunals of the

period, it seems surprising thsJ; a social success so signal

should have been the consequence of a single article. The
explanation is to be found in the fact that it had been dis-

covered at the same time that the writer of the article on
Milton was, unlike most authors, also a brilliaiit converser.

There has never been a period when an amusing talker

liaa not been in great demand at London tables ; but at

the date at which JIacanlay made his debut witty conversa-

tion was studied and cultivated as it has ceased to be in

the more busy age which has succeeded At the university

!Macaulay had been recognized as pre-eminent for talk and
«ompBnionship among a circle of young men of talents so

brilliant as were Charles Austin,' Romilly, Praed, ViUiers,

and others. He now displayed these gifts on a wider

theatre. Crabb Robinson's diary, under date 1826, records

the judgment of one who had been in the constant habit of
hearing the best talk of the London of his day. Such as

he was in 1826 Macaulay continued to be to the end In
Lord Carlisle's journal, under date 27tli June 1S43, we
read—" Breakfasted with Hallam, John Russell, Macaulay,
Everett, Van de Weyer, Hamilton, Mahon. Never were
such torrents of good talk as burst and sputtered over
from Macaulay and Hallam." Again, 11th October 1849,
"the evening went otf very pleasantly, as must almost
always happen with Macaulay. He was rather paradoxical,

as is apt to be his manner, and almost his only social

fault. The greatest marvel about him is the quantity ol

trash he remembers." In March 1850 Lord Carlisle

records—" JIacaulay's flow never ceased once during the

four hours, but it is never overbearing."

Thus launched (1825) on the best that London had tci

give in the way of society, JIacaulay accepted and enjoyed
with all the zest of youth and a vigorous nature the oppor-
tunities opened for him. He was courted and admired by
the most distinguished personages of the day. He was
admitted at Holland House, where Lady Holland listened

to him with deference, and scolded him with a circum-

spection which was in itself a compliment Rogers spoke
of him. with friendliness, and to him witi affection, and
ended by asking him to name fie morning for a breakfast

party. He was treated with almost fatherly kindness by
" Conversation " Sharp.

Thus distinguished, and justifiably conscious uf his great

powers, it was not unnatural that Macaulay's thoughts

should take tiie direction of pulitics, and his ambition

aspire to a political career. But the shadow of pecuniary

trouble early began to fall upoa his path. When he went
to college his father believed himself to be worth £100,000,
and declared his intention of making him, in a modest
way, an eldest son. But commercial disaster overtook the

hoose of Babington and ilacaulay, and the son now saw
himself compelled to work for his livslihood. His Trinity

fellowship of iiSOO a year became of great consequence to

him, but it expired in 1831 ; he could make at most £200
a year by writing ; and a commissionership of bankruptcy,

which was given him by Lord Lj-ndhurst in 1828, and
which brought him in about £400 a year, was swept away,

without compensation, by the ministry which came into

power in 1830 Macaulay now found himself a poor

man, and was reduced to such straits that he had to sell

his Cambridge gold mednL
In February 1830 the doora of the House of Comtaons

were opened to him in the only way in which a man
without fortune could enter them, through what was then

called a "pocket borough." Lord Lansdowne, who had
been struck by two articles on ilill (James) and the

Utilitarians, which appeared in the Edinburgh Review in

1829, offered the author the seat at Calne. The offer was
accompanied by the express assurance that the noble patron

had no wish to interfere with his freedom of voting He
thus entered parliament at one of the most exciting

moments of English domestic hislorj', when the compact

phalanx of reactionary administration which for nearly

fifty years bad commanded a crushing majority in the

Commons was on the point of being broken by the grow-

ing strength of the party of reform. Macanlay made his

maiden speech on 5th April 1630, on the second reading oi

the bill for the removal of Jewish disabilities. In July

the king died and parliament was dissolved ; the revolution

took place in Paris, ilacaulay, who was again returned

for Calne, visited Paris, eagerly enjoying a first taste of

Continental travel. On 1st ilarch 1831 the Reform Bill

was introduced, and on the second night of the debate

ilacaulay made the first of his reform speeches. Ik was is
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signal success. Sir Robert Peel said of it that " portions

were as beautiful as anything I Lave ever beard or read."

Encouraged by this first success, Macaulay now threw

himself with ardour into-the life of the House of Commons,
while at the same time he continued to enjoy to the full

the social opportunities wliicli his literary ancf political

celebrity had placed within his reach. For these reasons

he dined out almost nightly, and spent many of his

Sundays at the suburban villas of the Whig leaders, while

ho continued to supply the EJluhnrgh Review with a

steady series of his most elaborate articles. On the

triumph of Earl Grey's cabinet, and the passing of the

Keform Act in June 1832, Macaulay, whose eloquence had

signalized every stage of the conflict, became one of the

commissioners of the Board of Control, and applied himself

to the study of Indian affairs. His industry was untiring,

and the amount of intellectual product which ho threw olf

very great. Giving his days to India and his nights to

the House of Commons, ho could only devote a few hours

to literary composition by rising at five when the business

of the House had allowed of his getting to bed in time

on the previous evening. Between September 1831 and

December 1833 he furnished the Renew with the following

articles :
—" Boswell's Life of Johnson "

,' " Lord Nugent's

Hampden"; "Burleigh and his Times"; "Mirabeau";
" Hora(!C Walpole"; " I^ord Chatham"; besidtw writing

his balUul on the Ai'mada for ouo of the Albums, annual

publiralion of miscollanii'.s tlii'U in fashion.

In thi' first reform ]iarlianicMit, .Innnary 1833, Macaulay
took hi.s seat as one of the two first members for Leeds,'

wliich up to that date had l)ei-n unrepresented in the

House of rommoiis. He replied to O'Connell in the

debate on tue address, meeting the great agitator face to

face, with high, but not intemperate, defiance. In July

he defended the Government India Bill in a speech of

great power, and to his aid was greatly due the getting

the bill through committee without unnecessary friction.

Wicn the abolition of slavery came befpre the House as a

practical question, Macaulay had the prospect of being

placed in the dilemma of having to surrender office or to

vote for a modified abolition, viz., twelve years' apprentice-

ship, which was proposed by the ministry, but condemned

by the abolitionists. He was prepared to make the

sacrifice of place rather than be unfaithful to the cause to

which his father had devoted his life. He placed his

resignation in Lord Althorp's hands, and spoke against the

ministerial proposal. But tlie sense of the House was so

strongly expressed as unfavourable that, finding they

would be beaten if they persisted, the ministry gave way,

and reduced apprenticeship to seven years, a compromiso

which the abolition party accepted ; and Macaulay

remained at the Board of Control.

While he was thus growing in reputation, and advancing

his public credit, the fortunes of the family were sinking, and

it became evident that his sisters would have no provision

except such as their brother might be enabled to make for

them. Macaulay had but two sources of income, both of

them precarious—office and his pen. As to office, the

"Whigs could not have expected at that time to retain

power for a whole generation ; and, even while they did

so, Macaulay'a resolution that he Vould always give an
independent vote made it possible that ho might at any
moment find himself in disagreement with his colleagues,

and have to qi'it his place. As to literature, he wrote

himself to Lord Lansdowne (1833), "it has been hitherto

merely my relaxation ; I have never considered it as the

means of support. I have chosen my own topics, taken

my own time, and dictated my own terms. The thought

of becoming a bookseller's hack, of spurring a jaded fancy

to reluctant exertion, of filling siieeta with trash merely

that sheets may be filled, of bearing from publishers and
editors what Dryden bore from Tonson and what Mackintodi
bore from Lardner, is horrible to me." Thougli p<Miuile.s8,

Macaulay could never be accused of playing the game of
politics from selfish considerations. But it was impossible
that, circumstanced as he was, he should not look with
an.xiety upon his own future and that of his sisters,

—

sisters who had been, and who had deserved to be, the
intimate confi(Uints of all his thoughts and doiugs, and to
whom he was attaclied by the tenderest afiection. He was
therefore prepared to accept the ofl'er which was made him
of a seat in the supreme council of India, a body which
had been created by the India Act he had himself been
instrumental in passing. The salary of the office was fixed

at £10,000, an income out of which he calculated to be
able to save in five years a capital of .£30,000. His sister

Hannah accepted his proposal to accompany him, and in

February 1834 the brother and sister sailed for Calcutta.

JMacaulay's appointment to India occurred at the critical

moment when the government of the company was being
superseded by government by the crown. . His knowle'dge

of India was, when he landed, but superficial. But at this

juncture there was more need of statesmanship directed

by general liberal principles than of a practical knowledge
of the details of Indian administration. Macaula/s
presence in the council was of great value ; his minutes
are models of good judgment and practical sagacity. The
part he took in India has been described as " the applica-

tion of sound liberal principles to a government which had
till then been jealous, close, and repressfve." He vindi-

cated the liberty of the press ; he maintained the equality

of Europeans and natives before the law ; and as president

of tlie committee of public instruction he inaugurated that

system of national education which has since spread over

the whole of the Indian peninsula.

A clause in the Indian Act of 1833 occasioned the

appointment of a commission to inquire into the juris-

prudence of our Eastern empire. JIacaulay was appointed

president of that commission. The draft of a penal code

which he submitted became, after a revision of many years,

and by the labour of many experienced lawyers, that

criminal code under which law is now administered

throughout the empire. Of this code Sir James Stephen

says that " it reproduces in a concise and even beautiful

form the spirit of the law of England, in a compass which

by_ comparison with the original may be regarded as

almost absurdly small. The Indian penal code is to the

English criminal law what a manufactured article ready

for use is to the materials out of which it is made. It is

to the French Code P^nal, and to the German code of

1871, what a finished picture is to a sketch. It is simpler

and better expressed than Livingston's code for Louisiana;

and its practical success has been complete."

As might be expected, Macaulay's enlightened views

and measures drew down on him the abuse and ill-will

of Anglo-Indian society in Calcutta and the Mofussil.

Fortunately for himself he was enabled to maintain a

tranquil indifference to political detraction by withdrawing

his thoughts into a sphere remote from the opposition and

enmity by which he was surrounded. Even amid the

excitement of his early parliamentary successes literature

had balanced politics in his thoughts and interests. Now
in his exile, for such he felt it to be, he began to feel more

strongly each year the attraction of European letters and

European history. He writes to his friend Ellis, "I havf

gone back to Greek literature with a passion astonishing

to myself. I have never felt anything like it. I vras

enraptured with Italian during the six months wliich

gave up to it ; and I was little less pleased with Spani.sb,

But when I went back to the Greek I felt as if I bad nevei



128 M A C A U 1. A 3^

known hetore what intellectual enjoyment was.'' In

thirteen mouths lie read thiougb, some of them twice, a

largo part of the Greek and Latin classics. The attention

with which he read is proved by the pencil marks and

corrections of press errors which he left on the margin of

the volumes he used.

The fascination of these studies produced their inevitable

effect upon his view of political life. He began to wonder
what strange infatuation leads men who can do something

better to squander their intellect, their health, and energy

on such subjects as those which most statesmen are engaged

in pursuing. He was already, he saysj " more than half

determined to abandon politics and give myself wholly to

letters, to undertake some great historical work, which may
be at once the business and the amusement of my life,

lind to leave the pleasures of pestiferous rooms, sleep-

jtess nights, and diseased stomachs to Roebuck and to

Praed."

In 1838 JIacaulay and his sister Hannah, who had now
become Lady Trevelyan, returned to England. He at once

entered parliament as member for Edinburgh. In 1839
he became secretary at war, with a seat in the cabinet in

Lord Melbourne's ministry. His acceptance of office

diverted him for a time from prosecuting the plan he had
already formed of a great historical work. But only for a

time. In less than two years the Melbourne ministry fell,

and Macaulay was liberated from having to support a

Government wretchedly weak, and maintaining its struggle

for bare existence.

He returned to office in 1846, in Lord John Russell's

'administration. But it was in an office which gave him
leisure and quiet rather than salary and power—that of

paymaster-general. His duties were very light, and the

contact with official life and the obligations of parliamen-

tary attendance were even of benefit to him while he was
engaged upon his History. In the sessions of 1846-47 he
spoke only five times, and at the general election of July

1847 he lost his seat for Edinburgh upon issues which did

not reflect credit upon that constituency. Over and above

any 'political disagreement with the constituency, there

was the fact that the balance of Macaulay's faculties had
now passed to the side of literature. Lord Cockburn
wrote in 1846, "the truth is, Macaulay, with all his

knowledge, talent, eloquence, and worth, is not popular.

He cares more for his History than for the jobs of con-

stituents, and answers letters irregularly and with a brevity

deemed contemptuous." At an earlier date he had relished

crowds and the excitement of ever new faces ; as years

went forward and absorption in the work of composition

took off the edge of his spirits, he recoiled from publicity.

He began to regard the prospect of business as worry, and
had no longer the nerve to brace himself to the social

efforts required of one who represents a large constituency.

Macaulay retired into private life, not only without regret,

but with a sense of relief. He gradually withdrew from
general society, feeling the bore of big dinners, and country-

house visits, but he still enjoyed close and constant inter-

course with a circle of the most eminent men that London
then contained. At that time social breakfasts were in

vogue. Macaulay himself preferred this to any other form
of entertainment. Of these brilliant reunions nothing has

been preserved beyond the names of the men who formed
them,—Rogers, Hallani, Sydney Smith, Lord Carlisle, Lord
Stanhope, Nassau Senior, Charles Greville, Milman, Panizzi,

Lewis, Van de Weyer. His biographer thus describes

Macaulay's appearance and bearing in conversation

:

"Sitting bolt upright, his hands resting on the arms of hi-i

chair, or folded over the handle of his walking-stick,

knitting his eyebrows if the subject was one which had to

be thought out as lie went along, or brightening from the

forehead downwards wlicn a burst of humour was coming,
his massive features and honest glance suited well with Iha

manly sagacious sentiments which he set forth in .his.

sonorous voice and in his racy and intelligible language.
To get at hfs meaning people had never the need to think
twice, and they certaiuly hart seldom the time."

But, great as was Ilia enjoyment of literary society and
books, they only formed his recieationi In these years ha
was working wifh unflagging industry at the composition

of his History. His composition was slow, his corrections

both of matter and stj-le endless ; he Sjiared no research

to ascertain the facts. He sacrificed to the prosecution of

his task a political career. House of Co.mmons fame, the

allurements of society. The first two volumes of the

History of Enc/land appeared in December 1848. Tha
success was in every way complete beyond expectation.'

The sale of edition after edition, both in England and the

United States, was enormous.

In 1852, when his party returned to office, lie refused

a seat in the cabinet, but ho could uot bring himself to

decline accepting the compliment of a voluntary amende
which the city of Edinburgh paid him in returning him
at the head of the poll at the general election in July of

that year. He had hardly accepted the summons to return

to parliamentary life before he was struck down by the

malady which in the end proved fatal. This first betrayed

itself in deranged action of the heart; from this time

forward till his death his strength continued steadily to

sink. The process carried with it dejection of spirits as

its inevitable attendant. The thought oppressed him that

the great work to which ho had devoted himself would,

remain a fragment. Once again, in June 1 853, he spoke in

parliament, and with etl'ect, against the exclusion of the

Master of the Rolls from the House of Commons, and at

a later date in defence of competition for the Indian civil

service. But he was aware that it was a grievous waste

of his small stock of force, and that he made these efforts

at the cost of more valuable work.

In November 1855 vols. iiL and iv. of the History

appeared. No work, not being one of amusement, has in

our day reached a circulation so vast. During the nine

years ending with the 25th June 1857 the publishers

(Longmans) sent out more than 30,000 copies of '^ol. i.

;

in the next nine years more than 50,000 copies of the

same volume; and in the nine years ending with June
1875 more than 52,000 copies. Within a generation of

its first appearance upwards of 140,000 copies of the

History will have been printed and sold in the United

Kingdom alone. In the United States no book except the

Bible ever had such a sale. On the Continent of Europe,

the sale of Tauchnitz editions was very large, a sale which

did not prevent si.\ rival translations in German. The
History has been published in the Polish, Danish, Swedish,

Hungarian, Russian, Bohemian, Italian, French, Dutch,

Spanish languages. Flattering marks of respect were

heaped upon the author by the foreign Academies. His

pecuniary profits were on a scale commensurate with the

reputation of the book : the cheque for £20,000 has

become a landmark in literary history.

In May 1856 he quitted the Albany, in which he had

passed fifteen happy years, and went to live at Holly Lodge,

then, before it was enlarged, a tiny bachelor's dwelling, but

with a lawn whose unbroken slope of verdure gave it the air

of a considerable country house. In the following year

(1857) he was raised to the peerage by the title of Baron

jNIacaulay of Rothley. " It was," says Lady Trevelyan,

"one of the few things that everybody approved ; he en-

joyed it himself, as he did everything, simply and cordially."

It was a novelty in English life to see eminence which was

neither that of territorial opulence cor of 5>oliticaI or mili-
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lary services recognizerl and rewarded by elevation to the

peerage.

The distinction came just not too late. Macaulay's

health, which had begun to give way in 1852, was every

year visiblj' failing; iu May 1858 he went to Cambridge
foi' the purpose of being sworn in as high steward of the

borungh, to which office he had been elected on the death

of Earl Fitzwilliam. AVhen his health was given at a

public breakfast in the town-hall, he was obliged to excuse

himself from speaking on the ground of inability. His
ncphfw, who was in attendance upon him on the occasion,

records that " it was already apparent that a journey across

Clare Bridge and along the edge of the great lawn at

King's, performed at the rate of i mile in the hour, was au

exertion too severe for his feeble frame." In the Upper
House he never spoke. Absorbed in the prosecution of

his historical work, he had grown indifferent to the party

politics of his own day. Gradually he had to acquiesce

in the conviction that, though his intellectual powers

remained to him unimpaired, his physical energies would
not carry him through the reign of Anne ; and, though he
brought down the narrative to the death of William III.,

the last half volume wants the finish and completeness of

the earlier portions.

The winter of 1859 was very severe, and hastened the

end. He died on 28th December, and on 9th January
1860 was buried in Westminster Abbey, in Poet's Corner,

near the statue of Addison.

Lord ilacaulay was never married. A man of warm
domestic affections, he found their satisfaction in the

attachment and close sympathy of his sister Hannah, the

wife of Sir Charles Trevelyan. Her children were to him
as his own. Macaulay was a steadfast friend, and a
generous enemy. No act inconsistent with the strictest

honour and integrity has ever been imputed to him.

When a poor man, and when salary was of consequence to

him, he twice resigned office rather than make compliances

for making which he would not have been severely blamed.

In 1847, when his seat in parliament was at stake, he
would not be persuaded to humour, to temporize, even to

conciliate. He took a lofty tone, and haughtily rebuked the

Edinburgh constituency for their bigotry. He had a keen
relish for the good things of life, and desired fortune as

the means of obtaining them ; but there was nothing

mercenary or selfish in his nature. When he had raised

himself to opulence, he gave away with an open hand, not

seldom rashly. His very last act was to write a letter to a

poor curate, enclosing a cheque for ,£25. The purity of

liLs morals was not associated, as it not unfrequently is,

with a tendency to cant, or parade of religious phrases.

The lives of men of letters are often records of sorrow or suffering.

The life of Macaulay was eminently hajipy. Till the closing years
1867-59, when his malady had begun to tell upon his strength, he
enjoyed life with the full zest of healthy faculty, happy in social

iutercourse, happy in the solitude of his study, and equally divided
between the two. For the last fifteen years of his life he lived for

literature, as none of our eminent men since Gibbon have done.
His writings were remunerative to him far beyond the ordinary
measure, yet he never wrote as the professional author writes. He
lived in his historical researches ; his whole heart and interest

were unreservedly given to the men and the times of whom he read
and wrote. His command 6f literature was imperial. Beginning
>vith a good classical foundation, he made himself familiar with the
imagiuative, and then mth tha historical, remains of Greece and
Rome. He went on to add tho literature of his own country, of
Franco, of Italy, of Spain. He learnt Dutch enough for the pur-
poses of his history. He read German, but for tho literature of the
northern nations ho had no taste, and of the srudito labours of the
Germans he had little knowledge and formed aa inadc<iuate esti-

mate. The range of his survey of human thiftgs had other limit-

ations more considerable still. All philosophical Bpeculation was
alien to his mind j nor does he seem aware of the degree in which
auch speculation has influenced the progress of humanity. A large
—the largest—part of ecclesiastical history lay outside his historical

view. Of art ne confessed himself ignorant, and even refused a

request which had been made liim to furnish a critique on Swift's
poetry to the Edinburijh Ecxicu: Lessing's Laoceon, or Goethe's
criticism on Hamlet, " filled" him "with wonder and despair."

Of tha marvellous discoveries of science which were succcedirg
each other day by day he took no note; his pages contain no refer-
ence to them. It haa been told already how he recoiled from the
mathematical studies of his university. These deductions made, the
circuit of his knowledge still remains very wide,—as extensive 'per-
haps as any human brain is competent to embrace. His literai-y

outfit was as complete as has ever been possessed bv any English
writer ; and, if it wants the illumination of philosophy, it has an
equivalent resource in a practical acquaintance with affairs, with
administration, with tht interior of cabinets, and the humour of
popular assemblies. Noi was the knowledge merely stored in his
meiuory

; it was always at his command. Whatever his subject, he
pours over it his stream of illustration, drawn from the records
of all ages and countries. "Figures from history, ancient and
modern, sacred and secular ; characters from plays and novels,
from Plautus down to 'Walter Scott and Jane Austen ; images and
similes from poets of eveiy age and every nation ; shrewd thrusts
from satirists, wise saws from sages, pleasantries caustic or pathetic
from humorists,—all these fill JIacaulay's paees with the bustle
and variety of some glittering masque and cosmoramic revel of great
books and heroical men. His style is before all else the style of
great literary knowledge." His Essays are not merely instructive
as history ; they are, Bke Milton's blank verse, freighted with the
spoils of all the ages. They are literatiu-e as well as history. In
their diversified contents the Essays are a library by themselves

;

for those who, having little time for study, want one tjook which
may be a substitute for many, we should recommend the Essays in

preference to auything else.

As an historian Macaulay has not escaped the charge of partisan-
ship. He was a Whig ; and in writing the history of the lise and
triumph of Whig principles iu the latter half of the 17th century
he identified himself with the cause. But the charge of partiality,

as urged against Macaulay, means more than that he wrote the his-

tory of the Whig revolution from the point of view of those who
made it. When he is describing the merits of friends and the
faults of enemies, his pen knows no moderation. He has a constant
tendency to glaring colours, to strong effects, and will always be
striking violent blows. He is not merely exuberant, but excessive.
There is an ovenveening confidence about his tone ; he expresses
himself iu trenchant phrases, which are like challenges to an oppo-
nent to stand up and deny them. His propositions nave no quali-
fications. Uninstructed readers like this assurance, as they like

a physifiiau who has no doubt about their case.' But a sense of
distrust grows upon the more circumspect reader as he follows
page after page of Macaulay's categorical affirmations about matters
which oui' own experience of life teaches us to be of a contingent
nature. We inevitably think of a saying attributed to Lord
Melbourne, "I wish I were as cock-sure of any one thing as

Maoaulay is of everything." Macaulay's was the mind of the advo-
cate, not of the philosopher ; it was the mind of Bossuet, which
admits no doubts or reserves itself and tolerates none in others, and
as such was disqualified from that equitable balancing of evidence
which is the primary function of the historian. It was a fortunate
circumstance that rhetoric so powerful was enlisted in the consti-

tutional cause,—that Macaulay was, as he himself has said of
Bishop Burnet, "a strong party man on the right side."

Macaulay, the historian no less than the politician, is always on
the side of justice, fairness for the weak against tho strong, the
oppressed against the oppressor. But though a Liberal in practical

politics, 1)6 had not the reformer's temperament. The world as it

is was good enough for him. The glories of wealth, rank, honours,
literary fame, the elements of a vulgar happiness, made up his
ideal of life. A successful man himself, every personage and every
cause is judged by its success. "The brilliant Macaulay," says
Emerson, " who expresses the tone of the English governing classes

of the day, explicitly teaches that ' good ' means good to cat, good to

wear, material commodity." Macaulay is in accord with the aver-

age sentiment of orthodox and stereotyped humanity on the relative

values of tho objects and motives of human endeavour. And this

commonplace materialism is one of the secrets of his popularity, anil

one'of tlie qualities which guarantee that that popularity will be
enduring.

Macaulay's whole works have been collected by his sister, Lady
Charles Trevelyan, in eight volumes. The first four volumfts are
occupied by tho Hiatorir, the next three contain the Essays, and the
Lives which he contributed to the Encyclopscdia Britanniau In
vol. viii. are coUectiid his Speeches, the Lays of AncieiU Rome ami
some miscellaneous pieces. His lifehas been written by his nephew,
Georae Otto Trevelyan (2 vols., London, 1878), and is one of the
best biographies in the language. His diary remains in MS. in the.

hands of his family. It is to bo hoped that measures will be taken
to secure this valuable record from the fate that has overtaken so
many private diaries, and thus imix)vorishod tho sources of English
history.
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MACAW, or, a3 formerly spelt, Maccaw,i the name

given to some fifteen or more species of large, long-tailed

Lirds of tlie Parrot Familj', natives of the Neotropical

licgion, and forming a very well-known and easily-recog-

nized group to which the generic designation Ara is usually

applied by cruithologists, though some prefer for it

iluciocercus or Sillace. ^lost of the Macaws are remarkable

for their gaudy plumage, which exhibits the brightest

scarlet, yellow, blue, and green in varying proportion and

often in violent contrast, while a white visage often adds a

very peculiar and expressive character.- With one ex-

ception the known species of Aj-o. inhabit the mainland

of America from Paraguay to Mexico, being especially

abundant in Bolivia, where no fewer than seven of them
(or nearly one half) have been found (Prnc. Zool. Soc,

1870, p. 634). The single extra-continental species, A.

tricolor, is one of the most brilliantly coloured, and is

peculiar to Cuba, where, according to Dr Gundlach
^Oriiiloloijla Cnbana, p. 126), its numbers are rapidly

•decreasing, so that there is every chance of its becoming
e.vtinct.'

It will perhaps be enough here to dwell on the best

.inown species of the group, and first the Blue-aiid-yellow

Macaw, A. ararauiia, which has an extensive range in

South America from Guiana in the east to Colombia in

the west, and southwards to Paraguay. Of large size, it

is a bird to be seen in almost every zoological garden, and
is very frequently kept 'alive in private houses, for its

temper is pretty good, and it will become strongly attached

to those who tend it. Its richly-coloured plumage,
sufficiently indicated by its common English name, has the

additional recommendation of supplj-ing feathers which are

eagerly sought by salmon-fishers for the making of artificial

flies. -Vest may be mentioned the Pied-and-blue Macaw,
A. macao, which is even larger and more gorgeously clothed,

for, besides the colours expressed in its ordinary appellation,

yellow and green enter into its adornment. It inhabits

Central as well as South America as far as Bolivia, and is

also a common bird in captivity, though perhaps less often

seen than the foregoing. The Eed-and-yellow species, A.

chloioptera, ranging from Panama to Brazil, is smaller, or

at least has a shorter tail, aijd is not quite so usually met
Tvith in menageries. The Ked-and-green, A. milkaris,

emaller again than the last, is not unfrequent in confine-

ment, and presents the colours of the name it bears. This
has the most northerly extension of habitat, occurring in

Mexico and thence southwards to Bolivia. All the other

' Thus Willughby, Ornilhok'jia, p. 73 (1676) ; but au earlier form
sf tlie word is foimd in the "great blew and yellow Parrat called

the Machao, or Cockaioou " of Charleton, Onomaslicon, p. 66 (1668).

Its derivation is shown by De Laet, who, in his description of certain

Brazilian birds (iVoi-us Orlis, ed. 1633, p. 556), has " inter alios

fjc Psittacos] excellunt ma^nitudine & pulchritudine, quos barbari

Araras & Jlacaos vocant," and ag.iiu {loc. cit.) " Tertiom locum
jneretur Ararima vel Machao." Webster, in his dictionary, says that
Macaw, " written also Macao," is " the native name in the Antilles,"

but gives no authority for his statement, Avliich, considering that one
West Indian island only is known to possess a Macaw (and that in

that island Hhe bird is known as Guacatnayo), is very unlikely. Some
of the older writers, Buffon (Oiscatix, vi. p. 278) for instance, say
that MaJcavcuanne was the name given by natives of G\iiana to one
species of Macaw found in that country ; bat the Autillean origin of
the name cannot at present be accepted.

' This serves to separate the Macaws from the long-tailed PaiTakeets
af the New World {Conurus), to which they are very nearly allied.

* Tliere is some reason to think that Jam.-dca may have formerly
possessed a Macaw (though no example is known to exist), and if so it

was most likely a peculiar species. Sloane ( Voyaf/e, ii. p. 297), after

describing what he calls the "Great Maccaw " (A. ararmma, to be
spoken of abovol, wliich he had seen in oaptivity in that island, men-
tious the " Small Maccaw" as being very common in the woods there,

and Mr Gosse (Birds of Jamaica, p. 260) gives, on the authority of

Bobluson, a local naturalist of the last century, the description of a
bird which cannot be reconciled with any spe<ies now known, though
itjmust have evidently been allied tt the Cubun .,1. tiicului:

species are comparatively rare iu a reclaimed condition.
Four of them, A. hyacinthiua, A. leari, A. f/hmca, and A.
spixi, are almost entirely blue, while in A. manilata an;! A.
nohilis the prevailing colour is green, and A, stvera is green
and blue.

As is the case with most Neotropical birds, very little iu

known of the life history of ^Macaws in a state of nature,

They are said to possess considerable power of flight, rising

high in the air and travelling long distances in search of

their food, which consists of various kinds of fruits ; but
of any special differences of habit we are wholly ignoiant.

The sexes appear in all cases to be alike in colouring, and
the birds, though constantly paired, are said to live in

companies. As with others of the Order Pdllaci, the nest
is made in a hollow tree, and.the eggs, asserted to bo two
in number, are white without any lustre. Of the habits of

these birds in confinement it is needless to speak, as they
are so extremely well known. If caged, their long tail-

feathers are sure to suffer, but chained by the leg to a
perch, Macaws seem to enjoy themselves as well as any
captive can, and will live for many years.

In our present state of ignorance as to the best mode of

classifying Parrots, it would be premature to hazard any
guess as to the place occupied in the Order by the genus
Ara. (a. n.)

I MACBETH, Macbeth.vd, or Macbeda, son of Finnlaech,

was king of Scotland from 1040 to 1057. He had
previously been "mormaer" of Moravia or Moray; and
his predecessor on the throne was Duncan, son of Crinan,

and grandson of ^Malcolm, whom he slew (according to

some accounts at " Bothgowan," said to have been near

Elgin). Macbeth's wife was Gruoch, a descendant of the

royal house. Of the events of his reign almost nothing is

known. The ecclesiastical records of St Andrews bear

that he and his wife, "rex et regina Scotorum," made over

certain lauds to the Culdees of Lochleven ; and in 1060
he appears to have visited Rome, perhaps to obtain absolu-

tion for the murder of Duncan. The sons of Duncan,
who had taken refuge with their uncle Siward, earl of

Northumberland, brought about an invasion of Scotland in

1054; a battle was fought at Dunsinnane with indecisive

results, but three years afterwards iMacbeth fell at

Lumphanan in Aberdeenshire (August 15, 1057). The
war was continued for some time in the interests of a

certain Lulach, the son of Queen Gruoch by a former

marriage ; but he too was slain in Strathbogie in March
1058, and Malcolm, the son of Duncan, ascended the

throne.

See Skene, CcUic Scotland, vol. L chap. 8 ; and compare Burton
{Bislory of Scotland, vol. i. chap. 10 ad fin.), who gives special

prominence to the circumstance that when tlie genealogy of the

Scottish kuigs is traced upwards the 6rst break in the licrcditary

succession occurs when Macbeth is i-eached ; the break of con-
tinuity at this ]ioint becomes all the 7norc prominent when it ia

found that the fatlier of Macbeth's successor had occupied the
throne. " This liad to be accoxmted for, and the easiest way was
by treating t)ie intruder as a ' nsnqier. ' The loyal monks of the
I5th century looked on a usurper with horror. Being so placed

in the scat of political infamy, we have perhaps the reason why so

many events, natural and supernatural, came to cluster lound the

career of Macbeth." It is most probalile that Shakespeare's only

source for the tragedy of Macbeth was the Chrmiiclcs of HoliushcJ
(derived from John of Fordon and Hector Boece).

MACCABEES. -The name Maccabee (McucKaySatos) is

properly and originally the distinguishing surname of

Judas, son of Mattathias, the first great hero of the Jewish

revolt against Antiochus Epiphanes. The source of the

name is uncertain, but it is most natural to connect it

with 35?, " hammer," and so the Syriac writes the name
with p not 2. Ewald (Gesch., iv. 403) is doubtless right in

arguing from 1 Mac. vi. 43, <i:c., that the surnames of the

sons of Mattathias were simply dibtinguishing epithets

which they bore iu ordinary life, and in this light
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"hammerman" appears as a natural surname enough, the

occasion of which it would be vain to inquire into.^ From

Judas the name was in later times estended to the whole

family, or to the party it represented, or even, as in the

title of 3 Maccabees, to other contenders or sufferers for

the faith of Israel in the Greek period. The more cor-

rect name of the family was Hasmoneans, 'A<T[o-]a/io)iaiot,

'K31DE>n n»a (Tgm. Jon. on 1 Sam. ii. 4). According to

Josephus, Ajit., xii. 6, § 1, this name is taken from

Asamonaeus, the grandfather of Mattathias. Modern writers

have suggested a connexion with the town Heshmon (Josh.

XV. 27) or with D'?'?^n, magnates, in Psalm Ixviii. 31

[32]. The history of the Hasmoneans is given in Israel

/vol. xiii. p. 421 sq.) ; in the appended genealogical tables

(after Schiirer) the dates are those of the death of each

individual in years B.C.
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of four principal streets, which meet in the market-place,

and within the last twenty years has undergone great im-

provements. The old church of St Michael, on the brow
of the hill, was founded by Eleanor, queen of Edward I.,

in 1278, and in 1740 was partly rebuilt and greatly

enlarged. The lofty steeple by which ito massive tower

Was formerly surmounted was battered down by the

parliamentary forces during the civil war. Connected

.with the church there are two chapels, one of which,

iKivers Chapel, belonged to a college of secular priests

founded in 1501 by Thomas Savage, afterwards arch-

tishop of York. Both the church and chapels contain

several ancient monuments. For the free grammar
school, originally founded in 1502 by Sir John Percival,

and refounded in 1552 by Edward VI., a new building

was erected in .1856 at a cost of X3000. A commercial

school was erected in 1840 out of the funds of the

grammar school. Among the other public buildings are

the town-hall in the Grecian style (1823-24), with a new
frontage (1869-70), the union workhouse (1843-44), the

county lunatic asylum (1868-71), and the infirmary (1872).

The neighbouring castle of the duke of Buckingham was
'the residence of Duke Humphrey in the 15th century.

©riginally the trade of Macclesfield was principally

in twist and silk buttons, but this has been completely

superseded by the manufacture of all kinds of silk. The
first mill for silk-throwing was opened in 1756, and the

frianufacture of broad silks was introduced in 1790.

[Besides this staple trade, there are various textile manu-
factures and extensive breweries, i The population of the

inunicipal borough (3235 acres) in 1871 was 35,540, and
of the parliamentary borough (3272 acres) _35,570,^ In

1881 the numbers were 37,514 and 37,620.^

Previous to the Conquest, Macclesfield constituted a" portion of

Ihe royal demesne of the earls of Mercia. At Domesday it was in-

tluded in tho earldom of Chester, and after the abolition of that

jurisdiction it relapsed to the crown. * In 1261 it was made a
borough, and in 1678 it obtained incorporation from Charles II.

It has returned two members to parliament since the first Eeform
(Act, and its boundary wa.s enlarged in 1868.

M'CLURE, Sir' Robert John jjLe Mesuriee,' the

discoverer of the North-West Passage, was born at

Wexford, January 28, 1807, and died in London, October

17, 1873. He was the posthumous son of one of

Abercrombis's captains, and spent his childhood under the

care of his godfather, General Le Mesurier, hereditary

governor of Alderney. Schooled in Arctic exploration by
his service under Captain Back on board the " Terror," he

was first lieutenant of the " Enterprise " during the

Franklin search expedition (1848-49), and in 1850 was

placed in command of the expedition which, battling with

the frozen sea for four years, succeeded in passing from

ocean to ocean to the north of the American continent.

M'Clure was knighted on his return, and received gold

medals from the English and the French geographical

societies. During the Canadian insurrections of 1836-38

he had performed some gallant exploits en the lakes,—on

one occasion, in the eagerness of pursuit, infringing the

territory of the United States; and between 1856 and
1861 he rendered good service in the Chinese war at the

storming of Canton, &c His latter years were spent in a

quiet country life. He was appointed Commander of the

Bath in 1859, and had attained the rank of vice-admiral

ton the retired list. See Admiral Sherard Osborn, The
Discovery of a NoHh-West Passage.

M'CRIE, Thomas (1772-1835), was bom at Dunse or

Duns in Berwickshire, Scotland, November 1772. He
Studied in Edinburgh University, and thereafter in the

divinity hall at Whitburn. In 1796 he was ordained

minister of the Second Associate Congregation, Edinburgh,

tbe place of worship being in the Potterrow.

At an early period in i(s history the Secession Church io

Scotland had been divided by a controversy abont the

burgess oath into Burghers and Antiburghers ; but towards
the close of the century the Antiburgher Synod, to

which M'Crie belonged, showed symptoms of a disposition

to qualify adherence to the subordinate standards of the
Church of Scotland on such points as the magistrate's

power circa sacra and national covenanting, and a newj

historical manifesto was prepared called The Xarrative ancj^

Testimony, which was adopted as a term of communion
by the general synod in 1804. M'Crie was one of thosq

who protested against this departure, as they deemed it]

from Secession principles, and, declining to acknowledge

the jurisdiction of the synod, constituted themselves into

a presbytery under the name of " The Constitutional

Associate Presbytery." M'Crie was in consequence deposed

by the Associate Synod, and his congregation withdrew
with him to a place of worship in the south side of the

town, in which he ofliciated to the close of his life.

From the time of his settlement in Edinburgh, M'Crie

devoted himself to historical investigations into the history,'

constitution, and polity of the churches of the Reforma-

tion ; and the first ripe fruits of his study were given to

the public in November 1811 in the form of The Life oj

John Knox, containing illustrations of the History of lite

lieformation in Scotland, which procured for the author

the degree of D.D. from his alma mater, an honour con-

feri'ed then for the first time upon a Scottish dissenting

minister. At tho solicitation of his friend Andrew Thomson,

^I'Crie became a contributor to I'he Edinhimjh Christian

Instructor, and in three successive numbers for 1817 he

subjected Sir W. Scott's Tales of iny Landlord to a

criticism which took the form of a Vindication of the

Covenanters. Preserving the continuity of his historical

studies, he followed "up his first work with The Life of

Andrew 3/elville, 1819. Negotiations for union between

the Burghers and Antiburghers resulted, in 1820, in the

formation of the United Secession Synod, and called

forth from Dr M'Crie Two Discourses on ihe Unity of the

Chtirch, her Divisions, and their Removal, in which whaj;

he considered to be the fallacious and unscriptural character

of the plan for union adopted by the United Synod is

pointed out. Several of his former brethren among the

Antiburghers, dissatisfied with the union of 1820, had

formed themselves into a separate synod, and between

these and the Constitutional Presbytery a union was formed

in 1827, the uniting bodies assuming the name of the

Associate Synod of Original Seceders, of which branch of

the Secession in Scotland M'Crie continued through the

rest of his life tho best known representative. In 1827

he published a History of the Progress and Sup2:iression of

ihe Reformation in Italy in ihe 16th century, and in 1829

a similar History of ihe Reformation in Spain.

Great as was his absorption in historical research, it did

not prevent his taking a lively interest in the leading

questions of the day ; in pamphlets and on the platform he

maintained his convictions, not always popular, on such

matters as Greek independence, Catholic emancipation, the

" Marrow" and " Voluntary" controversies, Irish education,

and church patronage. His evidence on the last-named

matter before a committee of the House of Commons
is contained in the parliamentary publications of 1834.

The latest literary undertaking of ]\f 'Crie was a life of

John Calvin. Although he had been gathering material

for this project for several years, it was not till a late period

of his life that, stimulated by the assistance of his son

John, then in Geneva, he seriously addressed himself to

the task. Only three chapters of the work were compltttd

when the writer was struck down by apoplexy. , He diwl

on the 5th of August 1835.
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In addition to tlio works tlie titles of wliitli Iiiivo bi-cn alrendy
^veii, Dr M'Ciie publislied the following:—(1) The Diiti/ of Cliris-

lian Socictits towards each other, a Sermon, 1797 (afterwards sup-
pressed by tlie author, now extremely scarce) ; (2) Statement of the

Dijfh'cnec between llic Profession of the Reformed Church of Scotland
and the Profession contained in the New Testimony adopted by the

General Associate Synod, 1807
; (3) Free Thoughts on the late

Jtcliyiom Celebration of the Funeral of the Pnncess Charlotte, 1817

;

(4) Memoirs of Veilch and Brysson, 1825
; (5) IVliat Ought the

General Assembly to do at the Present Criti$1 1833. The posthu-

Mous publications are

—

{1) Sermons, 1836; (2) Lectures on the Book
cf Esther, 1838 ; (3) Miscellaneous Writings, 1841 ; (4) The Early
Years of John Calvin, a Fragment, 1880.

An estimate of the services and a grapliic description of the
personal appearance of Dr M'Crie are to be found in TIu: Headship

of C/irist (pp. 77-129), and in My Schoois and Sc/wobnaslcrs (chap,

xvi.), both by Hugh Miller.

MACCULLAGH, James (1809-1846), one of tbe most
elegant geometers of modern times, was born in 1809, near

J?trabane, Ireland. After an exceptionally brilliant under-

gh.iluate career in Trinity College, Dublin, he was elected

fello.r in 1832. From 1832 to 1843 he held the chair of

raathe.Aatics ; and during his tenure of this post, for which

he was specially fitted, he improved in a most marked
manner the position of his university as a mathematical

centre. In 1843 he was transferred to the chair of natural

philosophy, for which he was not nearly so well qualified.

Overwoiic, mainly on subjects beyond the natural range of

his powers, induced mental disease ; and he died by his

own hand in 1816. His lVo)7es have been published in

A collected form (Dublin University Press Series, 1880).

Their distinguishing feature is the geometry,—which has

rarely been applied either to pure space problems or to

known physical questions such as the rotation of a rigid

solid or the properties of Fresnel's wave-surface with such

singular elegance. In this respect his work takes rank

with that of Poinsot. No higher praise could be given.

One specially remarkable geometrical discovery of Jlac-

cullagh's is that of the " modular generation of surfaces

of the second degree"; and a notejvorthy contribution to

physical optics is his "theorem of the polar plane." But

his methods, which, in less known subjects, were almost

entirely tentative, were altogether inadequate to the solu-

tion of the more profound physical problems to which his

attention was mainly devoted, such as the theories of double

refraction, of crystalline reflexion, &c. Here not only are

the utmost powers of analysis required, but also the high-

est physical knowledge ; and in consequence MaccuUagh's

work was entirely overshadowed by that of contemporaries,

such as Cauchy and Green. See, on this point, Stokes's

"Report on Double Refraction" {B. A. Jiepoi-l, 1862).

The story of his later days painfully suggests the compari-

son of a his^h-bred but slight racer tearing itself to pieces in

the vain endeavour to move a huge load, which a traction-

engine could draw with ease and promptitude. He w&sted,

on problems altogether beyond his-strength, povfers of no

common order, which, had they only been suitably directed,

might have immensely extended our knowledge. Such,

at least, is the estimate which we cannot avoid forming

from a, purusal of his published works. He had "conical

refraction " in his hand for years without knowing its value.

The reader who wishes to see the other side of the ques-

tion (M.accullagh represented as standing to Fresnel in the

.same relative position as Newton to Kepler) is referred to

the Proreedhir/s of tliC Roi/al Society, vol. v. p. 712 (1847).

MACCULLOCH, Hoeatio (1805-1867), Scotch land-

scape painter, was born in Glasgow in 1805. An early

friendship with Sir Daniel Macnee, and William Loitch,

the water-colourist, was the^ means of turning the lad's

attention to art, which he studied for a year under John

Knos, ft Glasgow lanrfs'-S^Mst of some repute, with whom

Macnee was apprenticed at the time. After leaving the

studio of Knox, wc lind liini engaged at Cumnock, paint-

ing the ornamental lids of snuff boxes in i'ne mannfactory

of the Jlessrs Smith, and afterwards he was employed

in Edinburgh by Lizars, the engraver, to colour the'

illustrations in Selby's Britisfi Birds and similar works.

Meanwhile he was diligently prosecuting his studies in^

higher walks of art, and working unweariedly from nature,

greatly influenced in his early practice by the water-

colours of H. W. Williams,—"Grecian Willfams" as he

was called,—whose works had a charm for the young

painter after the drier and more elaborate method of his

f^rst master. Returning to Glasgow in some four or

five years, he was employed by Mr Lumsden, the lord

provost, on several large pictures for the decoration of a

public hall which he had erected in St George's Place,

and he did a little as a theatrical scene-painter in Kilmar-

nock and other provincial towns. About this time he waa

greatly impressed with a picture by Thomson of Dud-
dingston, and upon the works of this artist, the greatest

Scottish landscapist that had yet appeared, the- art of

Macculk)ch may be said to have been founded. Gradually

he asserted his individuality, and formed his own style on

a closer study of nature than had been possible to his

predecessor, aud his works form an interesting link of

connexion between the old world of Scottish landscape

and the new. By its love of elaborate and balanced com-

positions, by its choice of noble and exceptional scenes,

his art connects itself with that of sixty years ago ; by its

brilliant and varied colouring, by its care for detail, it

differentiates itself from the quietude and the stately

abstraction of the older landscape. In 1829 MaccuUoch
first figured in the Royal Scottish Academy's exhibition,

with a View of the Clyde, and, year by year, till his death

on the 24th of June 1867, ho was a liberal contributor tc

its displays. In 1838 he was elected a member of tV
Scottish Academy, and came to reside in Edinburgli,

where his genial manners gathered round him a large and

appreciative circle of the artists and litterateurs of the city.

Among the more important of the long series of landscapes which

he produced, subjects almost exclusively from Scottish scenery, may
be mentioned—Moonlight Deer Startled, 1840 ; Moor Scene,

Sunset, 1841; A Dream of the Highlands, 1844; Inversnaid

Ferry, Loch Lomond, 1847 ; A Highland Deer Forest, 1856

;

Ben Venue from Silver Strand, 1862 ; and Bothwell Castle,

1863. Several works by Macculloch were engraved by 'William

Jliller and William Forrest, and a volume of photogranhs from hi*

landscapes, with an excellent biographical notice ef the artist by

Alexander Fraser, E.S.A., waa published in Edinburgh iu 1872.

MACCULLOCH, John (1773-1835), one of the most

eminent geologists of his time, descended from the

Maccullochs of Nether Ardwell in Galloway, was born in

Guernsey, 6th October 1773, his mother being a native of

that island. Having displayed remarkable powers as a

boy, he was sent to study medicine in the university of

Edinburgh, took his diploma there, and entered the army

as assistant surgeon. Attaching himself to the artillery,

ho became chemist to the Board of Ordnance (1803), and

thus began relations with the Government which materially

affected°his future career. He still continued, however, to

practise for a time as a physician, and then resided at

Blackheath. In the year 1811 he communicated his first

papers to the Geological Society. They were devoted to

an elucidation ol the geological structure of Guernsey, of

the Channel Islands, and of Heligoland. The evidence

they afforded of his capacity, and the fact that he already

had received a scientific appointment, probably led to his

bein" selected by Government to make some geological and

raineralogical investigations in Scotland.
_
He was asked

to rei»rt upon stones adapted for use in powder-mills,

upon the suitability of the chief Scottish mountains for ai

repetition of the pendulum experiments previously con-

ducted by Mflskelyna and Flayfair at ScWehallion, and on
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the deviations of the plumb-line along the meridian of the I

Trigonometrical Survey. In the course of the explorations

neceasary for the purposes of these reports ho made
extensive observations on the geology and mineralogy of

Scotland. He formed also a collection of the mineral

productions and rocks of that country, which he presented

to the Geological Society in 1814. At that time compara-

tively little had been done in the investigation of Scottish

geology. Finding the field so entirely his own, and bo full

of promise, he devoted himself to its cultivation with great

ardour. One of his earliest and most imiioitant labours

was the examination of the whole range of ii^lands along

the west of Scotland, at that time not easily visited, and
presenting maiiy obstacles to a scientific explorer. The
results of this survey appeared (1819) in the form of his

Description of the Weitern Islands of Scotland, including

the Isle of Man (2 vols. 8vo, with an atlas of plates in

4to), wEicfa forms one of the classical treatises on Eritish

geology. He continued to write papers, chiefly on the

rocks and minerals of Scotland, and had at last gathered

BO large an amount of information that the Government
was prevailed upon in the year 1826 to employ him in the

preparation of a geological map of Scotland. From that

date up to the time of his death he returned each summer
to Scotland and traversed every district of the kingdom,
inserting the geological features upon Arrowsmith's map,
which was the only one then available for his purpose.

He lived to complete this great labour, and .to prepare also

a small volume explanatory of tlie map, but he died before

these were published in 1836. Among his other works the

following may be mentioned :

—

A Geological Classification

of Roclcs, with Descriptive Synopses, comprising the Elements

of Geology, 1 voL 8vo, 1821 ; The Highlands and Western

Islands of Scotland, iu a series of letters to Sir Walter
Scott, 4 vols. 8vo, 1824; A System of Geology, with a
Theory of the Earth and an examination of its Connexion
with the Sacred Records, 2 vols. 8vo, 1831. His versatility

of acquirement was shown by the publication also of works
on malaria, remittent and intermittent diseases, the art

of making wines, natural and revealed religion, besides

numerous memoirs in various departments of natural

history and antiquities. During a visit to Cornwall he
was killed by being dragged along in the wheel of Lis

carriage, 2l8t August 1835.

Dr Macculloch's name will ever be regarded with honour as one
of the pioneers of geology in Britain. Essentially a mineralogist
and petrographer, he was the first to trace out with some approach-
to truth the general distribution of the various' rock-formations of
Scotland. His temperament unhappily led him to look with
jealousy and mistrust upon the labours of some of his more illus-

trious contemporaries, arid even to ignore them in his published
writings. In particular he appears to have been irritated by the
rapid advances made by palaeontological geology, and the increas-
ingly large place given to that department of the science, while his
own favounte domain of minerals and rocks .was proportionately
neglected. His feelings of dissent were strongly expressed in the
posthumous memoir to accompany his map of Scotland ; but their
bitterness may in part be attributed to the influence of failing
health. Much hostile criticism was expended on his description of
the manners and customs of the Highlanders, which were certainly
amusing and picturesque, though sometimes his love of an effective
period seems to have led him to exaggeration. The way in which he
was appointed to conduct a geological survey of Scotland, unknown
to the public bodies of that country, also led to considerable oppo-
gition. But the solid services rendered by JIaccuUoch to the progress
of geology must be regarded as far outweighing any objecrions that
have been made to his literary work or pecidi^ties of character.

M'CULLOCH, John Eamsay (1779-1864), a distin-

guished writer on political economy and statistics, was born
on 1st March 1779, at Whithorn in Wigtownshire. His
family belonged to the class of " statesmen," or small landed
proprietors. Having received his early education from his
maternal grandfather, a Scotch clergyman, he came to Edin-
burgh, and was for some time employed there as a clerk

in the office of a writer to the signet. But, the Scofsmm
newspaper having been established'at the beginning of 1 8 1 7,
M'Culloch sent a contribution to the fourth number, the
merit of wliich was at once recognized ; he soon became
connected with the management of the paper, and during
1818 and 1819 acted as editor. Most of his articles in

the Scotsman related to questions of political economy, and
he delivered lectures in Edinburgh on that science. He
now also began to write on subjects of the sslme class in the
Edinburgh Rcvieio, his first contribution to that periodical

being an article on Ricardo's Principles of Political

Economy fn 1818. Within the next few years he gave
both public lectures and private instruction in London on
political econoni}', and had amongst his hearers or pupils

many persons of high social position, and some who were
important in the political world. In 1823 he was chosen
to fill the lectureship established by subscription in honour
of the meniory of Ricardo. A movement was set on foot

in 1825 by Jeffrey and others to induce the Government
to found in the university of Edinburgh a chair of political

economy, separate from that of moral philosophy, the

intention being to obtain the appointment for M'Culloch.
This project fell to the ground ; but in 1828 he was made
professor of political economy in the London University.

He then fixed his residence permanently in London, where
he continued his literary work, being now one of the regular

writers in the Edinburgh Revieiv. Indeed it appears from
a letter of his to Macvey Napier in 1830 that he regarded
himself, though Napier did not admit the justice of the
claim, as entitled to be the sole contributor of economical
articles to the Review. In 1838 he was appointed comp-
troller of Her Majesty's Stationery Office ; the duties of

this position, which he held till his death, he discharged

with conscientious fidelity, and introduced important re-

forms in the management of the department. Sir Robert
Peel, in recognition of the services he had rendered to
political science, conferred on him a literary pension of

X200 per annum. He was elected a foreign associate of

the Institute of France (Academy of Moral and Political

Sciences). He died, after a short illness, on 1 1 th November
1864, in the seventy-sixth year of his age. To his personal

character and social qualities very favourable testimony is

borne by those who knew him best In general politics

he always remained a Whig pure and simple; though
he was in intimate relations with James Mil! and his circle,

he never shared -the Radical opinions of that group,

M'Culloch cannot be regarded as ant)riginal thinker on political

economy. He did not contribute any new ideaj to that science, or
introduce any noteworthy correction of the views, either as to
method or doctrine, generally accepted by the dominant school of
his day. But the work he did must be pronounced, in relation to
the wants of his time, a very valuable one. It was at an important
crisis that^hof appealed in the field of economical discussion. The
principles'of free trade had been powerfully asserted before the
public in the celebrated petition of the merchants of London, drawn
up by Mr Tooke and presented to parliament by Mr Alexander
Baring in 1820. Political economy, to which the bullion con-
troversy had previously attracted much attention", was more and
more engaging the minds of political writers and of statesmen.
But the new riews had to encounter fierce and sometimes un-
scrupulous opposition. The Edinburgh Eeview was the princiiial

organ of the reformers, and was maintaining, when M'Culloch
became a -writer in it, an energetic warfare against the policy
founded on the mercantile theory of wealth. Naturally endowed
with strong sense and sagacity, and possessing a rare capacity for

arduous and prolonged mental exertion, he threw himself, with
the ardour of conviction, into the great struggle. There can he no
doubt that his labours on the whole contributed laigely to the
diffusion of just ideas on the economic questions then under debate,
and to the right direction of the national legislation with respect
to them. It must at the same time be admitted that his treat-

ment of the subjects with which he dealt is not marked by any
special breadth or elevation. He adopted too hastily the theoretic
exaggerations of some of Smith's successors, and exhibited in full

measure their habitual deaduess, in the study of social ijueiitions.
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.a all but maicrial ronsider.itions. In his evidence tcfoie the

jvailiamentary coiiiinittee ou tlie state' of Ireland in 1S25 he stated

opinions, afterwards more fully asserted in the Edinbnrrjh licxicu;

in the subject of Irish absenteeism, which tended to disgust jjersons

of intelligence and right feeling with a science which, as interpreted

by him, seemed to lead to iiractical absurdities, and in other

quarter's had. it ia to be feared, tho eli'ect of supidying a ]>lausib!e

excuse for carelessness ou the Jiart of the rich and great with respect

to the inferior classes of society. These opinions could not be

justified even on strictly economic grounds, as has since been shown
by Longlield and Senior. JI'CuUocli had in him an clement of

intellectual wilfulness or perverse self-assertion, compared by his

friends and admirers to the despotic dogmatism of Johnson, whiclr

botli in conversation and in liis writings led him into tlie enuncia-

tion and defence of paradoxes ; a notable example of this is furnished

by tho obstinacy with which to tlie last, in the teeth of evidence, ho

clung to the doctrine of the impolicy of cheap postage. Jl'CuUoch
was deficient in liteiary taste, and never attained any high degree

of excellence in style. His expression is often slipshod, and a

certain coarseness in his images sometimes throws an air of vulgarity

over his pages. His name -will probably be less permanently
associated with anything ho has written on economic science,

strictly so called, than with his great statistical and other compila-

tions. His Didionanj of Conrmcrcc mid Commercial Kavirjalioii

and Ids Statistical Account of the Sritish £mpii-c—however they

may be expanded and altered, as they have already been, in succes-

sive editions—willlong remain imposing monuments of his extensive

and varied knowledge and his indefatigable industry. Another
useful work of reference, also the fruit of wide erudition and
much labour, is his Literature of Political Economy. Though
weak on the side of tho foreign literature of the science, it is

very valuable as a guide to British writers, and, in relation to its

entire lii Id, has not yet been superseded by any English book.

Tlie foIlo\Yinif is as complete a list of liis publications as it Itas been found
Jiossible to form:— .471 En't'j on the HeJtic/tori of tlie JnCerest on /lie Kationul
Vft'f, 181G; An Essay on tin- qiif^licn of ReiJucing tlie Interest on tlie Nnlionat
Vef}t,\BlG: A Discourse on the Rise, Pio^r''^s, Peeuhar OkieetSj anil Imporlaiicc

of Political Econoinij, 1824 ; tlie article Political Ecoxojiy in llic supplement to

the 6tli edition of tlie Encitcloppedia Brilannica^ afterwfU'Us enlarged into The
Principles of Political Econoniij, Kith a sketch of the Hise and Progress of the

Science, 1830, and agnin 1843. 184^ (translated into Fiench by Augustin Planche,

1801); Diclionarn, Practical, Theoretical, ami flistorical, of Commerce and Com*
mercial yavicjation, 1S32; Sfalislicat Account of the British Empire, 1S37

;

Dictionary, Geographical, Statistical, and ffistorical, of the various Countries,

Places, and Natural Objects in tlte \yorld. 1841-42 (several editions of Uie last

three tiavc since appeifred, and the first two of tlicm have been lepnnted in tlie

I'nited States, and ti-ansiated into foi eign languages) : Statements itlustrative of
the Policy and probable ConsP^uences of the pioposcd liepeal of the Crist iiig Corn-
Laics and the Imposition in their stead of a moderate Fixed Duly on Foreign Corn,
1341; Memorandums on the proposed Importation of Foreign Beefand Livestock,
1S42: A Treatise on the Principles and Practical Infinence of Taxation and the

Funding System, 1845 ; The Literature of Political Economy, 184-5 ; A Treatise on
the Succession to Property Vacant by Death, 1S48 ; Treatise on the Circumstances
which determine the Rale of ]Vages and the Condition of the Labouring Classes,
1S.J1 (an earlier edition had appeared anonymously in 1820) ; Considerations on
Partnership with Limited Liability, 1850 ; pcrfdCcs and notes to a select collection,

In 4 vols, of scarce and valuable cc()nojnical tracts, reprinted at Lord Ovei-stonc's

expense, 186r,-.i9. He united in one volume (2d cd., IH.'iO) a number of his minor
Tieatises'and Essays on subjects connected ivith Economic Policy, many of \\ iiich had
pppeared as articles in the Encyclopedia Britannica, He also piinted, for private
distribution amongst his friends, a catalogue of his library.—whicli contained a
tine collection of books on bis own special subiccfs,—adding critical and bio-

graphical notices. He had edited in 1828 Smith's Wealth of A'ations, with a life

of the author, an introductory discoiuse, notes, and supplemental disscitations

;

this work he greatly enlarged and improved in the editinns of 1-S3S and 1800. In
1840 he edited Iticaidu's works, with a notice of the life uiid mltings of the
author. (J. K. 1.)

MACDONALD, Etienne-Jacques Joseph-Alexakdre
(1765-1840), duke of Taranto, and marshal of France,

was born at Saucerro ou November 17, 17G5. His father

came of an ohl Jacobite family, which had followed James
If. to France, and was a near relative of the celebrated Flora
Macdonald (1722-1790), the heroine whose courage and
fidelity were at one critical period the sole means by which
Prince Charles Edward was enabled to elude his enemies
after tho defeat of Cullodon in 1746. In 1784 JIacdonald
joiuod tho legion raised by the second Mar.shal Maillebois to

support the revolutionary party in Holland against the Prus-

sians, and after it was disbanded lie received a commission
in the rcgimont of Dillon. On tho breaking out of tho

Revolution, tho regiment of Dillon remained eminently
loyal, nearly all its officers emigrating with tho princes,

with the exception of Macdonald, who was in lovo with

a Mademoiselle Jacob, whose fatlier was enthusiastic for

the doctrines of the Revolution. His love was successful,

and directly after his marriage ho was appointed aide-

de-camp to General Diimouiiez. He also distinguished

himself at Jemmapes, and was promoted colonel in 1794.

Uo refused to desprt to the Austriuns with Dumouriez,

and as a reward was made general of brigade, and
appointed to command tho leading brigado in Pichegru's-

invasion of HoUatd. His knowledge of the country proved
most useful, and he was instrumental in the capture of the
Dutch fleet by the French hussars. In 1797 he was made
general of division, and transferred first to the army of the
Rhine and then to that of Italy. When he reached Italy,

the peace of Campo Formio had been signed, and General
Bonaparte had returned to France ; but, under the direction

of Beithier, Macdonald first occupied Rome, of which he
was made governor, and then in conjunction with Cham-
pionnet he defeated General ilack, and revolutionized the
kingdom of Naples under the title of the Parthenopa:aa

Republic. When Suwaroff invaded northern Italy, and
was winning back the conquests of Bonaparte, General
Macdonald collected all the troops in the peninsula and
moved northwards. With but 30,000 men he attacked, at

the Trebbia, Suwaroff with 50,000, and after three days
fighting, during which he held tho Russians at bay, and
gave time for Moreau to come up, he retired in good order

to Genoa. After this gallant behaviour he was made
governor of Versailles, and acquiesced in, if he did not

co-operate in, the events of the 18th Brumaire. In 1800 h»
received the command of the army in Switzerland whicb
was to maintain the communications between the armies

of Germany and of Italy. He carried out hia orders to

the letter, and at last, in tho winter of lSOO-1, he was
ordered to march over the Spliigen Pass. This achieve-

ment is fully described by Mathieu Dumas, who was chief

of his staff, and is at least as noteworthy as Bonaparte's

famous passage of the Saint Bernard before Marengo,
though followed by no such successful battle. On his

return to Paris he married the widow of General Joubert,

and was appointed French plenipotentiary in Denmark.
Returning in 1805 he associated himself with Morean,

and incurred the dislike of Napoleon, who did not include

him in his first creation of marshals. Till 1809 he re>

mained without employment, but in that year Napoleon,

hard pressed at Aspern, gave Macdonald the command
of a division in the army of the viceroy of Italy which

was to march from Italy to his help. He led the army
from Italy till its junction with Napoleon, and at Wagrauk
commanded the attack on the Austrian centre which

won the victory. Napoleon made him marshal of France

on the field of battle, and presently created him duke
of Taranto. In 1810 he served in Spain, and in 1812
he commanded the left wing of the grand army for

the invasion of Russia. After sharing in the battles o£

Liitzen and Bautzen, he was ordered to invade Silesia,

where Bliicher defeated him with great loss at the Katzbach.

After the terrible battle of Leipsic he was ordered wilb-

Prince Poniatowski to cover the evacuation of Leipsic, and
after the blowing up of the bridge, he managed to swim thft

Elstcr, while Poniatowski was drowned. During the defen-

sive campaign of 1814 Macdonald again distinguished him-

self, and was one of the marshals sent by Napoleon to take

his abdication in favour of his son to Paris. When all were

deserting their old master, Macdonald remained faithful to

him. Macdonald was directed by Napoleon to give in his

adherence to the new regime, and was presented by him with

the sabre ^ Murad Boy for his fidelity. He was mude 3

peer of F:..nce at tho Restoration, and, having once passed

his word to the new order of things, remained faithful

during the Hundred Days. In 1816 he became chancellor

of the Legion gf Honour, a post he held till 18.'J1, and
took a great part in the discussions in tho House of PedL-

In 1823 he married Mademoiselle de Bourgony, and V
last had a son, Alexander, who succeeded on his death it

1840 as duke of Taranto. From 1830 his life was spent
in retirement at his couiitiy place Courcellea.
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Macdouald had nouo of that military genius which distinguished

Davoust, Masscna, aud especially Ney, uor of that military scieuce

conspicuous in Marmont and St'Cyr, but nevertheless his campaign

jn Switzerland gives him a rank far superior to such mere geuerals

of division as Oudinot and Dupont. lliis capacity ior independent

command made Napoleon, in spite of bis defeats at the Trebbia and

the Kat2bach, trust him «-ith large corps d'armcc till the cud of his

career. As a man, his character cannot be spoken of too hi"hly
;

no itaih of cruelty or faithlessness rests on him. Ho retained always

the frank honour of a soldier of fortune ; but he never forgot that

lie was a gentleman, or disgi-aced the new nobility of Napoleon by

ridiculous pretensions.

Macdonald was especially fortun.ite in the accounts of his military

exploits, Mathicu Dumas and Segur having been on his st.iff in

Switzerland. See Dumas, £vineincnts Mililaircs ; and Segur's rare

tract, Ldtre siir la campagnc du Giniral Macdonald dam les

Orisons en 1800 ct 1801 (1802). Also consult Pclet's excellent

Campaync dc 1809, and Segur's £iogc (18i2).

MACDONALD, Lawrence (1798-1878), sculptor, was

born at Gask, Perthshire, Scotland, in 17D8, and in early

life served as a mason's api^rcntice. Having shown an

aptitude for stone carving, ho went while still a youth to

Edinburgh as an art student at the Trustees' Academy,

finding at the same time a good deal of occasional employ-

ment in carving coats of arms and other ornamental figures

on the gateways or walls of country houses. By the help

of friends he was enabled to visit Rome, whence, after a

stay of two or three years, he returned to Edinburgh in

1826. During the nest few years he executed a consider-

able number of commissions for busts, and also devoted a

good deal of time to the designing of ideal subjects, in

which branch of his art, however, the public interest was

comparatively slight. From 1832 until his death on

March 4, 1878, his home was in Eome; during the long

period of forty-six years his chisel never rested, and the

number of works that issued from his studio, chiefly in the

department of portrait sculpture, was very great. Among
his ideal works may be mentioned Ulysses and his Dog
Argos, Andromeda chained to the Rock, Eurydice, Hya-
cinth, a Siren, aud a Bacchante. His busts, while excellent

as likenesses, are remarkable for purity and dignity of

style ; and the ideal works are at once full of grace and
carefully correct in form, design, and treatment.

MACEDONIA, wheu that name is taken in its widest

signification, is the country between Thrace on the east and
Illyria on the west, bounded on the S. by Thessaly aud

the /Egean Sea, and on the N. by the lands which belong

to the basin of the Danube. The most definite limit in its

physical geography is that towards Illyria, where the

Scardus range, which still bears the name of Schar, forms

a continuous barrier between the two countries ; on the

Bide of Thessaly also. Mount Olympus and the Cambunian
mountains constitute a well-marked frontier. In the other

two directions its natural limits are less clearly defined.

Towards the east, during the greater part of its history,

the river Strymon was regarded as its proper boundary

;

but after the foundation of the city of Philippi it

encroached on Thrace, and extended as far as the river

Nestus, or even Mount Rhodope. T7ith regard to the

features of the country immediately to the north of

Macedonia a misconception long prevailed, which has only

of late years been dispelled by geographical research.

Owing to a misinterpretation of a passage in Strabo (vii.

fragm. 10; cf. viL 5, 1), it was long believed that the

country between the Danube and the ./Egean was divided

in the middle by a lofty range of mountains, which formed
a continuation of the main chain of the Alps as far as the

Euxine j and this mistake is perpetuated in many of our

maps at the present day. But since this district has been
explored, first by Grisebach, and afterwards by Von Hahn,
it has been known that along one important portion of

this supposed line, directly to the north of Macedonia and
southeast of the modem principality ol Servia, the hills

do not rise to any considerable elevation, and that affluents'

of the Margus (ilorava), which flows into the Danube, and
of the Axius (Vardar), which runs to the iEgean, rise close

together in the upland plain of Kossova, the scene of the

great battle in which the Serviau monarchy was overthrowa

by Sultan Amurath I. in 1389. This watershed may be

regarded as the northern boundary of Macedonia. But
the extended limits which have here been given did not

belong to the district that bore that name in early times.

The originnl Macedonia was confined to the inland region

west of the Axius, between that river and the Scardus

mountains, and did not include the northern portion,

which was known as Pseonia, or the coast-land which,

together with the eastern districts, was inhabited by

Thracian tribes, and was regarded by the Greeks at the

time of the Peloponuesian war as part of Thrace. The
people of this country were not Hellenic, though its rulers

ultimately succeeded in claiming that title for themselves,

at the time when Alexander L was admitted as a com-

petitor at the Olympic games. The same thing may be

said of the land itself, the appearance of which presents

many points of contrast to that of Greece proper. Instead

of the delicate, bright, and varied scenery of that country,

with its clear atmosphere and sharp outlines, we find in

Macedonia broad masses of mountains, extensive sweeps of

lowland, and uniformity of colour. The climate of the

inland regions also is severe, so that the cypress and other

trees which flourish in Greece will not grow there.

The river Axius divides Macedonia into two parts, the

eastern of which resembles the neighbouring country of

Thrace iu the irregularity of its surface ; but in the

western part there is a succession of vallej'-plains, generally

elevated themselves, though deeply sunk among the rocky

walls that surround them. These lie under the flanks of

Jlount Scardus, and difier in a still more striking manner

from the country of Illyria on the farther side of that

chain, which is made up of a number of irregular, and

usually narrow, river-valleys, separated from one another

by rugged mountains. The characteristics of these valleys

plains are the well-defined basins in which thej' lie, their

rich alluvial soil, and the river which waters each of them
respectively, and in each case makes its exit through a

narrow passage, which is its only means of escape. The
northernmost and smallest of these is now called the

Tettovo, and from it the main stream of the Axius issues.

At the southern extremity of this a branch detaches itsell

from the Scardus, and bending southward forms an import-

ant secondary chain, which is continued until, under the

nime of Bermius, it approaches Jlount Olympus. This

bralich, in the upper part of its range, forms the eastern

boundary of the second and most important valley-phiin,

that of Pelagonia (now the plain of Monastir), from which
the Erigon (Czerna) forces its way to join the Axius.

This plain, which is 40 miles in length by 10 in breadth,

and 1500 feet above the sea, was one of the primitive

seats of the Macedonian race, and was suited for developing

a hardy yet thrinng population which. might afterwards

become a great people. Here is laid the scene of the story

of the foundation of the Macedonian monarchy, which

Herodotus has related (viii. 137, 138). According to thi.>^,

three brothers of the family of the Temenida; of Argos,

having entered the service of the king of the countr}', and

having been defrauded by him of their wages, made their

escape in a romantic manner, the narrative of which

contains numerous fabulous incidents, and ultimately

conquered all Macedonia. The southern part of this plain

was called Lyncestis, and was the scene of the encounter

between Brasidas and the Illyrians, which Thucydides has

described (iv. 121-28) ; the famous retreat of that general

was mad.e by the pass at its south eastern extremity
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Between Lyncestis and the lowlanJg, near the coast, is a
1

lake district of somewhat inferior elevation, whicli bore

the name of Eorda^a. Again, to the southward of

Pelagonia is another extensive plain, from wliich the

Haliacmon (Vistritza) draws its waters ; that river ulti-

mately breaks through the Berniian range behind Berrbcca

(Verria), and flows into the Thermaic Gulf. The coast

district between the Haliacmon and Olympus, as well as

the sea-slopes of that mountain, formed Pierio, the original

home of the Muses. The chief cities of Pieria wero

Pydna, where Perseus, the last king of Macedon, was

defeated by the Komans, and Dium. From this neigh-

bourhood to the head of the Thermaic Gulf a vast maritime

plain extended, which was intersected by the Lydias and

the Axiua, as well as the Haliacmon.

The Scardus chain, which has been spoken of as

separating Macedonia from Illyria, is the northern

continuation of Piudus, and the two together form a

well-deSned backbone, which may be compared to the

spina of an ancient circus. At its northern extremity,

where it rises from the plain of Kossova, stands a lofty

peak, which, to carry out the comparison, may be called

the meta or goal of the circus. This summit, which

reaches a height of between 7000 and 8000 feet, ha* no

name in antiquity, but is now known by the Slavonic

appellation of Liubatriu, or the " Lovely Thorn." The
mountain wall which starts from it presentsa most impos-

ing appearance from every point of view, and is broken

through at only one point, where the river now called

Devol, rising on its eastern side, divides it to its base asit

flows to the Adriatic. Here the chain of Scardus ends,

and that of Pindus commences. Northward of this it is

crossed by two passes,—one near the headwaters of the

Axius, between the modern towns ofi Prlsrend and
Calcandele ; the other farther to the south, leading from
the head of the Lacus Lychnitis (Lake of Ochrida) into

the Pelagonian plain. At the southern end of this plain

another chain diverges from Scardus, and takes an easterly

direction through Macedonia ; in the region between the

Strymon and Nestus this was called Orbelus, and between
it and the sea lies Mount Pangaeus, which was famed for

its gold and silver mines.

The rivers of this country, notwithstanding that they
are larger than any that are found in Greece proper, can
hardly be called navigable, though barges are floated down
them at the present day. The Axius, which is the most
important, is celebrated by Homer, on account of its

fertilizing water, as "the fairest stream that flows in all

the earth " (//., ii. 850), and the valley in which it runs

must always have formed a line of communication between
the barbarous districts of the interior and the sea. The
point of demarcation between the uplands and the lowlands

is marked by the Stena, or, as it is now called, the Iron

Gate (Demir Kapu) of the Vardar. Here the river cuts

through at right angles the mountains that join the Scardus

and Orbelus ranges, and forms a deep ravine, through
which it rushes ip rapids for tho distance of a quarter of a
mile, beneath steep clifi's that rise to the height of 600 or

700 feet above ; and traces of groovings in the rocks are

visible, where a passage has been made in ancient times.

At the point in its upper course where it receives its

northern tributaries, and begins to bend towards the south,

stood the town of Scupi, the name of which was changed
by the Byzantines into Scopia, or " tho look-out place," and
ha.s now been corrupted into Uskiub. Tho importance of

this consisted in its neighbourhood to tho pass over tho

Scardus, by wliich tho barbarian tribes to tho west used to

descend into tho more level and fertile country, and in its

commanding the principal line of traffic. Between Scupi

"Hi th« Ste!-c. at tho confluence of ths Axiua and tlio

K,rigon, was Stooi, tlic ruins of which tavo recently been
discovered by M. Heuzey, of the French "Mission da
Macudoine." This town was in Pioman times the meeting-

point of four great roads—one from the Danube by Scupi

;

another from Sardica, near the modern Sophia, to tho

north-east ; a third from Ueraclea (Monastir) to the

south-west ; and a fourth from Thessalonica. The Strymon
(Struma) follows a direction nearly parallel to the Axius
in eastern JIaccdonia, and, after passing through the chain

of Orbelus, enters the rich plain of Serrhx (Seres), and
flows into the Lake of Prasias or Cercinitis, shortly after

emerging from which it reaches the sen. On the shores

of the Lake Prasias were a number of lacustrine habitations

which Herodotus has described, corresponding in their

general features to those of which so considerable remain^
have recently been discovered in Switzerland and elsewhere.

At the point where the Strymon leaves the lake was built

the important town of Amphipolis, which was surrounded
on three sides by the river, thus occupying a very strong

position. It was founded by the Athenians in 437 B.C.,

and was valuable on account of its neighbourhood to the

mines of Pangreus, and as furnishing a large supply of

timber. Its port, at the mouth of the Strymon, was called

Eion. Tho ancient capital of Macedonia, JEgx or Edessa
(Vodena), stood at the point where the passes from Lyncestis

and EordiKa emerge into the lower country. Its situa-

tion seems to suggest dominion ; for, while it has at ita

back all tho resources of the richest districts, the view

from it embraces the wide maritime plain, the mighty
mass of Olympus, and a portion of the Thermaic Gulf.

Tho site, whicli resembles that of Tivoli, is one of ex-

treme beauty, for below the level table of land on which

the city is built the rock falls some 200 feet in steep

precipices, and the river which passes through it, a

tributary of tho Lydias, divides into a number of smaller

streams, which plunge at various points in cascades down
the clifis. '\^^len Philip of Macedon transferred tho seat

of government to Pella, Edessa continued to be tho

national hearth of the race, and the burial-place of their

kings. Pella, the later capital, occupied a much inferior

position, being on low hills at the edge of an extensive

marsh in the middle of the maritime plain. This was

naturally an unhealthy site, and its only strength lay in its

swampy surroundings ; so that its nearness to the sea must

have been its chief recommendation. The place is now
deserted, but the name of Pel is still attached to its

vicinity. In Koman times Thessalonica became the chief

centre of these, parts, which at all times it deserves to be,

for it is admirably placed for purposes of communication

and trade, as it lies on the innermost bay of the Thermaic

Gulf, and forms the natural point of transit for exports and

imports. Its appearance recalls that of Genoa, from the

way in which tho houses rise from the water's edge, and

ascend tho hill-sides behind. This city was the terminus of

the Via Egnatia, the great Roman road which joined the

Adriatic and tho JE^ean, and formed the main line of com-

munication between tho West and the East. Starting from

Dynhachium, it threaded tho defiles of Hlyria, and, passing

the Lacus Lychnitis, crossed tho Scardus by the southern-

most of its two passes, which descends on Heraclca ; thence

it traversed Lyncestis and Eordsea, till it reached Edesaa,

and finally crossed tho plain to Thessalonica.

It remains to speak of tho maritime district of

Macedonia, called Chalcidice, which projects like a trident

into the north of tho /Egean between the Thermaic and

Strymonic Gulfs. When seen on the map, it strikingly

resembles tho Peloponnese in miniature, from its three

southern promontories, with deep intervening bays, and
the massive breadth of ground from which these spring.

This resemblance is still further boruo out in the form of
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the mountains and their vegetation ; and in most respects

it corresponds so well to what the Greeks desired for their

settlements that we cannot be surprised at finding its

shores fringed with Hellenic colonies. Several of these

were founded from Chalcis in Euboea, which city gave its

joame to the district ; but the important town of Potid»a
iras a Corinthian C'^ony. The most eastern of the three

peninsulas, that of Acta, is far the highest, and rises from its

isthmus until it forms a steep central ridge, which gradu-

ally attains the height of 4000 feet, and finally throws up
ihe vast conical peak of Mount Athos (6400 feet). The
isthmus, which is about a mile and a half broad, still

shows traces of the canal made by Xerxes for the passage

jjf his fleet, in order to avoid the dangers of shipwreck on

Ihe rocks of Athos, which had destroyed the expedition of

Mardonius. On the land side of the isthmus stood the

xity of Acanthus. Separated from Acte by the Singitic

Gulf was the promontory of Sithonia, with the town of

Torone ; and still farther to the west, beyond the Toronaic

Gulf, was that of Pallene. The former of these, though of

lower elevation than Acte, is intersected by a well-marked

Tidge ; but the latter is almost level, and from the traces

o! volcanic action that are found there was called by the
Greeks Phlegra, and was said to have been the scene of

the conflict between the giants and the gods. On the
Eonthern side of Pailene were the towtis of Mende and
Scione, ind its isthmus was occupied by Potid89a, near
•which, at the head of the Toronaic Gulf, stood Olynthus.
The Greek cities on this coast were 3 continual thorn in

the side of the Macedonian monarchs, and caused them to

^ke part against Athens during the Peloponnesian War.
The northern part of Chalcidico is mountainous, and
beyond these mountains is a considerable depression, in
which lies the Lake of Bolbe.

Macedonia first comes into notice in history in the reign of
Amyntas (about 500 B.C.) and in that of his son Alexander, who
was king at the time o£ Xerxes's invasion of Greece. But whatever
historical interest attaches to it is due rather to the great empire
which sprang from it than to the importance of the countiy itself.

During the Peloponnesian War we notice it chiefly as it affects the
principal contending parties, but in the time of Demosthenes it

attracts our attention as furnishing the keynote of the policy of that
statesman, and being the jiroximate cause of the overthrow Cf Greek
liberty. After the Macedonian Esipire (q.v. ) was subjugated by the
Romans in 168 B.C. , the country was left mth a nominal autonomy,
lut lost its national unity by being divided into four districts; which
vrere separated from one another by rigid political and social limita-
tions. Before long it was reduced to the form of a province, and
Ihis, at the division of the provinces in the time of Augustus, was
assigued to the senate. Thenceforward it followed the fortunes of
the Roman empire, and, after the partition of that dominion, of the
«astem branch of it. In the time of Alaric it was frequently plun-
dered by the Goths, and in the interval which elapsed between
Justinian Land Heraclius a considerable part of it was colonized by
Slavonians. During the jirosperous period of the great Bulgarian
monarchy in the 10th century a large portion of Macedonia was
incladed in that kingdom. After that age extensive depopulation
must have ensued, for in the 11th and 12th centuries colonies of
-various tribes' of Asiatic origin—Uzes, Turks, and Patzinaks—were
established there by the emperors of Constantinople. In the par-
tition of the Eastern empire, which followed the capture of that city
by the Latins at the time of the fourth crusade, in 1204, Mace-
donia was assigned to Boniface, marquis of Monferrat, who assumed
the title of king of Saloniki. This kingdom in turn was brought
to an end in 122i by the Greek despot of Epirus, Theodore L, and
iy him a Greek empire of Thessalonica was founded, which for a
time seemed likely to become the heir of the Byzantine power, but
.afterwards was merged in that of Niciea, and on the recapture of
Constantinople by Michael Palseologus once more formed part of a
united Greek empire. In the latter half of the 14th century the
jgreater part of Macedonia was in the possession of the Servians,
whose kingdom was now at the height of its power ; bnt before the
middle of the 15th it had passed into the hands of the Ottoman
Tiu'ks, by whom it has been held ever since. At the present day
the population of the inland part of the country is mainly composed
of Bulgarian Christians, mixed with Turks, while the Greeks
aiecupy the coasts, the whole of Chalcidice, the plain of Seres, and
:*cr<ne other districts. (H. F. T.)

MACEDONIAN EMllKE, The. The attention of

the Greeks was drawn at an early time to the danger that

the northern tribes might combine to invade the south.

Sitalces, king of Thrace, spread great alarm by an inroad

during the Peloponnesian War, but the real peril was from

Macedonia rather than from Thrace. The ^Macedonians

had been gradually pushing their way down towards the

coast, and, though Alexander I. was a vassal of Xerses, the

retreat of the Persians, 478 B.C., left these hardy tr;bes free.

They were still in a primitive state, mountain shepherds,

ill clothed and ill housed, many of them clad only in skins.

They wore the kausia or broad-brimmed hat ; they ate and
drank from wooden platters and cups ; they differed little

from what they had been when the first Perdiccas came to

the country, when the king's wife baked cakes with her

own hand on the hearth. But the peasants were freemen,

not serfs like the Penestse of Thessaly. It was still neces-

sary for the young warrior to slay a foe before he could

take his place in the tribe ; and Cassander had to eit

instead of reclining at the banquet of his father Antipater,

because he had not yet killed a wild boar. The drunken

bouts at these banquets led to some of the deeds which are

a blot on the fame of both Philip and Alexander. The
king held large domains, and had a choice body of " com-

panions " around him, but the warriors used much freedom

of speech towards him, and- the chiefs could only be

condemned by the assembled host. When, however, any

one was thus convicted of treason, his kindred were also

put to death. If any blood guilt was incurred, a dog was

cut in two and the soldiers passed between the halves laid

out in the open air, that so they might be purified. There

were still but few towns, or even strongholds, to which the

people could fly when the Illyrians camo in over Mount
Bermius from the west, or the Thracians across the Stry-

mon from the east, or the Pseonians down the river Axiua

from the north. The western tribes too were at this time

being pushed onward into Macedonia by a migration of

the Gauls. Archelaus, son of Perdiccas II., however, built

forts, cut straight roads, and collected horses and arms
The cavalry of the richer landowners was good ; but the

foot soldiers were armed only with wicker shields and rusty

swords. Archelaus also courted the friendship of leading

Athenian statesmen, philosophers, and poets; and later od

the Athenian general Iphicrates did essential service to tit

royal house.

But the advance made by Arcbelans, who died 399 Ra,
was almost all lost before Philip II. came to the throne

and the kingdom was reduced to a narrow district round

Edessa, shut out from the sea by Greek cities. Olynthus

the chief of these cities, had in the reign of Philip's father,

Amyntas II., induced many places to make themselves ia

dependent of the king, but the jealousy of Sparta proved

fatal to the Olynthian confederacy, and destroyed wha*
would have been a bulwark against the barbarians of the

north (379).

Philip himself had the best of all trainings, that of ad-

versity. During the reign of his eldest brother Alexander

II., Pelopidas took hostages for the fidelity of Macedonia,

and among them was Philip, then about fifteen years old.

He remained two or three years at Thebes, profiting by

literary training, and above all by the living example of

Epaminondas, the ablest organfzer and most scientific

tactician of the age, who had trained the ecHie^s that

broke through the Spartan line at Leuctra. When Philip

returned home, his brother Perdiccas III. entrusted him
with the government of a district, where he organized a
force on the Theban model. On the death of Perdiccas,

though he left an infant son Amyntas, Philip was called to

the throne (359), for the reign of a child in an early state of

society means anarchy Philip's energy soon made itself
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felt. He fortified a new capital, Pella, safe amidst its

lake-like marshes, from which he could act against the

coast. Greece was at the moment completely disorganized.

Sparta had lost, not only her supremacy over the other

Greek states, but the control over ^Messenia and Arcadia,

which leant on Thebes for defence against her revenge.

Thebes had incurred odiara from her conduct towards the

free cities of Bceotia, was at feud with Athens, and had

but a precarious hold over Phocis and Thessaly ; while.

Thcssaly itself, after the fall of the tyrants of Pheraj, was

a prey to internal feuds. Athens was the first to come into

collision with Philip, owing to her holding possessions on

the coast of Macedonia and Thrace, whence she procured

ahip timber and naval stores. Philip had conciliated her

for the time by withdrawing his troops from Amphipolis,

her old colony in the bend of the river Strymon, while ha

was driving off the Illyrians and reducing the tribes to the

west as far as the Lake Lychnitis. But Athens was at

this moment threatened by the revolt of her allies which

led to the Social War, and so lost the chance of reoccupy-

iDg Amphipolis while Philip was busied in the interior.

The moment his hands were free, he retook the place,

which was all-important to him, as it was not only the

most convenient maritime station in Thrace, but also

throw open to him all the country east of tho Strymon,

'and especially the gold region near Jlount Pangajus, the

productive country facing the island of Thasos; and to

secure liis conquests he founded a new city in the interior

called Philippi. His gold' coins, struck on the Attic

standard, soon became well known, and even the early

gold coins of distant Britain copied the types of the

Macedonian money. He also took Pydna and Potidaea,

tlius depriving Athens of her hold on the Thermaic Gulf,

while tho occupation of Methane opened the way into

Thessaly. Moreover, the Social War had not, yet ended

when the disastrous Sacred War began, which added

religious to political enmity, and benefited only the

aggressor from the north. The Araphictyonic League was

called into activity to crush the Phocians, who in their

despair seized Delphi, and by the use of its treasures

collected troops enough to hold Thebes in check for some

years. It was tho misfortune of Greece that there had

arisen mercenary bands, lilve the condottieri of mediaeval

Italy, who hired themselves out to any ono that would
employ them. The citizens became more averse to service

as civilization increased, and the work of war was now
done by alien hands. Only a standing army could face

the standing army of Macedonia, but tho industrious and
refined citizens naturally disliked continuous service, and
it was long before even Demosthenes could arouse Athens
to the necessity of the struggle. He was opposed by the

old statesmen, by honest men such as Phocion (whose peace

policy, however expedient after Chreronea, was impolitic

during most of Philip's reign), and by others whom Philip

had bribed—for he loved to " plough with a silver plough-

share." The Sacred War gave Philip a pretence for

interfering on behalf of tho Delphic god. He drove the

Phocian mercenariea fiom Thessaly, incorporated tho ex-

cellent Thcesalian cavalry in his army, and gained a good
naval position on the Gulf of Pagaaas (^Olo), tho great

inlet and outlet for the trade of the country. This also

opened tho way to Euboea, for the possession of which,
however, Athens struggled hard. It waseo the Oulf of

Pagassi that Demetrias was afterwards founded, which,
with Chalcis .and Corinth, became the " fetters of Greece,"
Philip also laid a strong hand on Epirua, occupied
Acarnania, won over the .^Etoliansby the giftof Naupactus,
and thus hemmed in Atnens on the land side. It ia tru*
that, when he marched on Thermopylte, B.C. 352, a sudden
oilbit of the Athenians enabled them to reach the pof& ia

time to arrest his progress, and save the Phocians for a.

while ; but Philip had now a largo seaboard, and he pro-

ceeded to increase his fleet, to extend his dominior. in Thrace

on both sides of the Hebrns, and secure it by ther founda-

tion of Philippopolis, Calybe, Beroea, and Ale.xandropohs,

while the Greek colonies along the Euxine up to Odessua

sought his alliance. There was worse to come, for Philip by

the year 347 had destroyed Olynthus and thirty-one other

free cities in Chalcidice, and sold their inhabitants as slaves,

a calamity such as had not happened since the invasion of

Xerxes. This struck terror into all the south country, and

we find Isocratea, once the champion of Panhellenic

freedom, proclaiming Philip the arbiter of Greece, and

advising him to use his power for the purpose of conquer-

ing Persia. He found himself bitterly deceived, and

"that dishonest victory at Chneronoa, fatal to liberty, killed

with report that old man eloquent." The Theban.s were

still unwilling to combine with Athens, and even called

in Philip to end the Sacred War. This gave him the

command of Thermopylae, and the means of marching into

Boeotia and Attica, while the destruction of the Phocians

spread the terror still more widely. Philip now became

the recognized religious leader of the Amphictyonic League,

and began to interfere authoritatively in the Peloponuese.

He was also preparing to master the Bosphorus and the

Hellespont, the outlets from the Euxine into the iEgean,

through which the main supplies of corn came from the

country north of the Euxine to Athens, which therefore laid

great stress on the possession of the Chersonese. Once again

Athens gained a success when she sent Phocion to relieve

Byzantium from his attack (339). The Greek cities began

again to lean on her, and her trade increased owing to the

destruction of Olynthus by Philip, and of Sidon by the

Persian king Ochus. The Greeks too began to see that

Philip's allies were being swallowed up one by one. Philip

himself, when returning through tho passes of Hsmus from

an attack on the Scythian king, who ruled between the

mountains and the Danube, suffered heavily from a surprise

by the Triballi. But a second Sacred War against the

Locriana of Amphissa, caused by Jischines's troublesome

activity, again brought Philip into the heart of Greece.

He fortified Elatea in Phocis, and demanded a passage

through Boeotia to attack Athens. On this Demosthenes

won hie greatest triumph, when he induced Thebes to

jom in the Struggle for freedom and independence ;
and,

though the patriots were defeated at Chajronea, 338 rc,

yet their blood was not shed in vain ; their example has

told on all future time. Philip used his victory moderately,

for he wished to leave Greece quiet behind him when he

crossed into Asia to assail tho great king. He garrisoned

the citadel of Thebes, and demanded from Athens an

acknowledgment; of his leadership in tho national war

against Darius ; and a congress at Corinth recognized him

as its chief, and arranged what contingents were to be sent

from each state. His assassination in 336, at the early age

of forty-seven, hardly delayed the execution of the plan,

for he was succeeded by Alexander, who combined the

qualities of a king of the heroic ages with all that Greek

training could give. Though the Macedonians had a

dialect of their own, yet they had neither language for

communicating with others nor any literature except what

they derived from Greeks, and Philip had taken care to

give his son even a better training than he had received

himself. Alaxandw was also as prompt and cruel as his

father. He at once rid himself of his cousin and brother-

in-law Am^raUa mad. other kinsmen and possible com-

petitors for tho throne, or persons otherwise dangerous

Then ho dealt some heavy blows against the barbarians

east, north, and. west, some of whose chiefs he took foi

further security wSiL hju Into Asia Uo was just south
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of Lake Lychnitis, on tne western side of the range of

Scardus or Pindus, wheu the news reached him that the

exiles had roused Thebes to arms, and were besieging his

garrison in the Cadmcia or citadel. Striking through a

cleft in the main range of mountains, through which the

Pevol flows, and marching south along the Haliacmon and

over theCambunian ridge, which joins Pindus to Olympus,

lie reached Bceotia in less than a fortnight, stormed Thebes,

pold the citizens as slaves, and destroyed the place. The
citadel alone remained as a Macedonian fortress, until

Cassander rebuilt the city. Amidst the general terror,

Alexander thought it wisest to follow his father's policy

«ere aIso> and be content with his election as captain-

general by the congress of Corinth.

.

He left Antipater as regent, and at once crossed the

fiellespont to Sestus in the spring of 334, before the

Persian fleet was ready to intercept him, or the main

Persian army had been embodied. What information had

he as to the regions beyond the Taurus and beyond the

Tigris, and still more as to the great table-land of Asia

extending from Persia to the Indus t He had the Anabasis

of Xenophon, and perhaps the Persian history of Ctesias,

but he must have relied mainly on information derived

from Greeks who had been in the Persian service, or who
had traded in the interior. But he knew one thing for

certain, that no force in Asia could resist Philip's veteran

army. Philip had formed the local battalions of militia

into the phalanx, arrayed sixteen deep, and armed with

long two-handed pikes {sarissx) ; and this steady body of

pikemen, with the veterans in the front ranks, had borne

down on the open plain of Chsronea the resistance of the

Greek hoplites, who were only armed with a much shorter

Bpear. The phalanx was supported on the flanks by the

light infantry of the guard (ht/jxispisis), by targeteers

(pellasts) trained after the plan of Iphicrates, by light

lancers, and by a strong body of heavy cavalry, headed by

the king's companions, and fighting with the short thrust-

ing pike.- It was the charge of the cavalry led by Alexander

in person, at the head of the " agema " or royal squadron,

that decided all his battles. It seems strange, 'however, to

us to hear that the men had neither saddles nor stirrups,

nor were the horses shod. The fine native army was

largely reinforced by barbarian archers, darters, and

Biingers, and by regiments of Greek mercenaries; and this

systematic combination of different arms and kinds of

troops was supported by field and siege artillery of an

Iriproved type. Later on, when the main Persian army

was broken up, Alexander added to the number of light

ttoops, and made the regiments smaller and more flexible.

Philip had moulded his country into a military monarchy,

and turned the nobles into a caste of oflBcers. All its

strength was devoted to the one object of war, and it

became for the time an overmatch for all its neighbours.

On the other hand, PeFsia had deprived the subject peoples

cf national life and spirit ; the retreat of the Ten Thousand

had shown how useless her native levies were, and now her

defence rested almost entirely on a force of Greek troops

under the able Rhodian general Memnon. The Orientals

fought mainly with missiles, and were little suited for

riose combat hand to hand. The Persian satraps, however,

had around them some choice horsemen, armed with

missile javelins and with scimitars ; and they insisted,

»craiust Memnon's advice, on fighting at the Granicus, which

flows northward from Ida into the Propontis, but is every-

where fordable. A sharp cavalry action at the passage of

the river (334: B.C.) gave Alexander all Asia Minor, and the

completeness of his victory might seem to justify Livy's

Baying that he " did but dare to despise an empty show,"

\nd the words attributed to his uncle, Alexander of Epiru?,

'wt ho himself had fuund the men's ehamber iu Italy while

his nephew had found the women's in Asia. Tlie Greeks had
long been conscious of their superiority. "They might,"

said Aristotlo, " govern the world, could they but combine
in one political society." Agosrlaus of Sparta and JaBOU
of Pherai had already planned the attack on Persiia, and
the liberation of the Asiatic Greeks; and Alexander acted

in the full consciousness that he was extending Greek rule

and civilization over the East. At the news of the battle

on the Granicns, Sardis surrendered. It was the centre to

.which all the routes converged, but Alexander did not (liko

Cyrus the younger) at once push on into the heart of the

empire along the great road that led from Sardis to Susa.

His object was to secure a firm base of operations, by
occupying the line of i:oast round the JEgean, and forcing

the Phoenician fleet in the Persian service to retire. The
Greek colonization of Asia Minor had prepared Iho way for

him ; the Greek cities along the western and southern coast

threw, open their gates, and Alexander restored theit

popular constitutions. He even recognized the Lycian con-

federation. Memnon was only able to organize a resist-

ance at Miletus and Halicarnassus. But his real plan was
to put troops on board his ships and raise Greece against

the Macedonian yoke, especially as the Athenian fleet was

still more than a match for that of Alexander. But when
Memnon died there was no one left to carry out this able

plan, and Darius threw away his best chance by recalling

the troops. Then Alexander marched up northwards from

Lycia through Pisidia and Phrygia to Gordion on the

Ssingarius, whence the main road led east across the Halys

and through Cappadocia to Cilicia, between the passes of

Mount Taurus and those of Mount Amanus. Here Darius

tried to throw his army across the Greek line of communi-
cation with their supplies, but his host, crowded together

iu the narrow ground on the river Pinarus near Issus, waa
hopelessly defeated. The modern name of the Gulf of

Issus, " Iskenderun," still preserves the memory of

Alexander. Then Parmeuio, Alexander's second in com-

mand, pushed on and took Darius's treasures and stores at

Damascus. Again, however, Alexander deferred his march

inland till he had mastered Phoenicia and Egypt, and si>

gained the command of the sea in the eastern basin of the

Mediterranean. Only the brave freemen of two fortified

•cities. Tyre and Gaza, held out ; and when the Phoenician

end Cyprian fleet transferred its allegiance to the invader

their only eff'ective weapon was wrested from the hands of

the Persians. The occupation of Cyprus and Egypt had

been one of the boldest conceptions of the age of Pericles

and Cimon, and its success would have secured tho

supremacy of Greek commerce. As the Persians had

persecuted the Egyptians for their worship of animals,

Egypt welcomed the deliverer, and recognized him as tlio

son of Animon ; while the Greek colonies of Cyreno and

its Pentapolis sent to tendv submission. Alexandria waa

founded on the seaboard as a new centre of commerce,

from which it was easy to communicate with the Govern-

ment and with all parts of the empire. The protecting

island of Pharos gave the means of forming two good

harbours on a coast elsewhere harbourless; while Lake

JIareotis, communicating by canals with the Nile, enabled

produce to be easily brought down from the interior.

At last the time was come' for delivering the final blow

to Persia. Alexander passed the Euphrates at .Thapsacus

("the passage"), and then marched north-east through the

hilly aountry by Nisibis, to avoid the hot desert of

Mesopotamia. He crossed the Tigris unopposed, and

defeated Darius's hosts at Gaugamela. The long struggle

of two hundred years between Greece and Persia was at

an end. The victory converted Alexander into tho great

kJcg, and Darius into a fugitive pretender; and Eabylon

and Su5a submitted. At Babylon Alexander sacrificed
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to tlie native gods, as be liad done elsewhere, and this

admixture of the religions of all countries largely induenced

the later phases of heathenism. The priests recognized

the Greek kings, and the later cuneiform inscriptions com-

memorate Seleucus and Antiochus. When Euemerus's

view spread, that the gods were only deified men, a fusion

of religions became still easier. The worship of the Suu-

god and of Osiris, the god of the dead (especially under

Lis GrecLzod form at Sinope as Serapis), extended far

and wide. In administering these countries, Alexander

separated the civil, military, and financial functions, and,

where natives were loft in oflice, entrusted taxation and

military command to Macedonians. The great power of

the satraps had weakened the central government of Persia,

and Alexander adopted a wiser plan, but his generals

restored the old system after his death. The Persian

treasures, dispersed by the conquest, gave a fresh stimulus

to. commerce, especially as Persia was rich in geld, which

was scarce in the West. Alexander had already prepared

the way for a universal currency by coining silver

didrachms and tetradrachms after the Attic standard,

which became current coinage over most of the East ; the

Ptolemies, however, adopted the Phoenician standard for

Egypt. Up to this point the countries conquered admitted

of being more or less assimilated and Hellenized; but, when
Alexander penetrated through the passes that led up to

Persepolis in Persia, and thence to Ecbatana in Media, and
again north to secure the defiles that led down to the

Caepiau, and so skirting the southern flank of the range of

Elburz to Hecatompylus in Parthia, the centre of the roads

leading to Hyroania (at the south-east of the Caspian), to

Bactria, and to Ariana, and then from Kandahar northwards

to Cabul, and through, the'iuighty range of the Hindu-
Knsh to Bactria (Balkh) soutfi of the Oxus, and Sogdiana

(Bokhara) between that river and the Jasartes, and at last

^s far as the Indus and the Punjab, his route lay through
tribes that still possessed their native strength and power
of resistance to foreign influence, though for the moment
overborne by the superiority of the Western arms.

Alexander saw the danger, and met it by settling Greek
colonists in new cities which were to servQ as military

posts, depots of commerce, and centres from which to

Hellenize the country districts ; and many of them are still

important points in the East, though the desert has spread,

and robber hordes have stopped some of the old caravan
routes. Such places are IMcrv, Herat, Kandahar, Cabul,
Samarkand, Khojend. Bactria and Sogdiana were to serve

as a frontier against the wild hordes of the north, and thus
Alexander's measures determined the fortune of Transoxiana
for centuries. Some native rulers also were left to form a
sort of barrier iu front of the empire to the north and east.

Alexander laid the main stress on securing the great rivers,

the Euphrates and the Tigris, the Oxus and Jaxartes, the
Indus and Hydaspes. In Greece itself the Macedonian
kings upheld tyrants or oligarchies, but hero freer

municipal constitutions were allowed to attract colonists.

Alexander further planned to fuse the noble Persian race

with the Greeks by intermarriage, and by giving the
Persians equal rights iu the army and the administration,
gommon servico in these was the best means for Helleniz-
mg the natives. This was a more generous plan than
Aristotle's advice as to the way of ruling barbarians would
have led to ; but Alexander saw that the Eastern peoples
were not barbarians like the Illyrians. The culture of

Egypt reached far back ; the astronomy and art of Babyhm
could not be despised ; the religions of Persia and India
afforded matter of interest to Greek inquiry. These lands
of ancient civilization might teach as well as learn .some-
thing from Greece. The Eastern nations responded to the
touch, and Persian legend to this day preserves the name

of Iskandcr among the names of their national heroes.

Alexander's couijuests were to be justified by the result,

by the union of East and West, and the diffusion of

Western civilizatiuii over Asia. Even India should feel

something of the new influence. Alexander would have
made the nations into one. An old writer says, " The
elements of the nations' lives were mixed together as in a
love cup, and the nations drank of the same cup, and forgot

their old enmity and their own weakness " (Plut, De Fort.

Alex., i. G). There is, it is true, a reverse to the picture,

The oppressive conduct of many of the Macedonians thus
suddenly put into power was an evil omen of what might
happen if their chief was removed ; and, if the East was
becoming Hellenized, yet Alexander became in tura

Orientalized. Could he remain a Western king and also

an Oriental despots a Greek and a Persian t It might be
good policy, but Philip's old generals could not help show-
ing their disgust, and Clitus and others paid for it with
theii lives. The Greek states also felt the difference.

Just before his death Alexander required them to worship
him as a god, and, without any regard to the rules agreed
on at the congress of Corinth, forbade the federal meetings
of the AchiBans and Arcadians, and issued a decree restoring

all exiles to the various states. Greece became practically

a province of the Eastern empire, and the patriots who
had maintained the fight for freedom were more than

justified by the ruin that came on Greece through
Alexander's successors. Even if he himself had not been
spoilt by success and absolute power, yet he was but a

lucky accident. And, though the Fellenizing influence

spread over much of the East in a way to which there has

been but one parallel, the mixture of German and Roman
elements when the barbarians invaded the empire, yet

Alexander's conquests, while they Hellenized Asia, tended
to Asiatize Hellas ; they put an end to the genuine
Hellenic spirit, to its productive genius and consummate
literary and artistic excellence, as well as to its political

freedom. The New Comedy shows how national life and
public interests had died out ; with all its fine psychological

analysis it does but dwell on the characters and situations

of daily life and purely domestic feelings. But the braggart

soldier is now a common character in the play, and slavery

plays a greater part than ever. Last of all, Alexander
marched along the Cabul river, and through the pass of

Jellalabad to the passage of the Indus by Attock ; but

when he reached the Hyphasis (Sutlej) the weary troops

refused to cross it and press on to the Ganges. He then

sent Nearchus down the Indus, to sail round to the mouth
of the Euphrates, and explore a route for trafiic across the

Indian Ocean. Nearchus profited by the monsoons, which

thus became known to the Greek sailors. The king himself

went down the river to see the great southern ocean with

its strange tides, and he planned that an Alexandria on

the Indus should communicate with the Alexandria of the

Nile valley by an intermediate harbour on the Euphrates.

He further planned the circumnavigation of Arabia, if not

of Africa also, and a voyage to the north of the Caspian.

At the same time Pytheas of Marseilles was exploring the

British and Baltic seas. This enlarged and systematic

exploration of the earth, combined with increased means
of communication among its inhabitants, was beneficial to

civilization, if we may define growth in civilization as

growth in the amount of services rendered to each other

in civil society. The record kept by Alexander's quarter-

masters (bemadatx) of the length of his marches gave

succeeding geographers important information ; and it was
more useful to Eratosthenes than the vague descriptions

in the historians, who were striving after literary effect,

and some of whoso accounts were very legendary, for

legends soon clustered round the uamo of the groat con-
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qucror. Alexander seems also to liave bacl a description

{amigruphe) of the empire drawn out. After Lis return

througli the desert of Baluchistan, along the Indian

Ocean, ho devoted himself to consolidating tho internal

administration and chucking the oppression exercised by

liis officers ; but ho was planning new conquests in the

AVest, from all parts of which he had received ambassadore,

when he died of marsh fever at Babylon (323 B.C.), at the

early age of thirty-two.

All attempts to keep his empire together inevitably

failed, but his work was done, since, whether for good or

evil, tho HcUenizing of the East determined the whole

course of history. The army resolved that his child (not

yet born) by his Bactrian wife Roxane, and his imbecile

half-brother, Philip Aridajus, should bear rule jointly. First

Perdiccas was named regent, but the generals began to

combine against him, and ho perished in trying to reduce

to obedience Ptolem}-, tho satrap of Egypt, the man who
saw most clearly and earliest tho tendency of events.

Then Antipater, who had with difficulty defeated tho

gallant attempt of the Greeks under the leadership of

Athens to regain their freedom in the Lamian War, was
made regent. On his deathbed he transferred the office to

Polysperchon, who soon proved unequal to his task, and
even gave up Phociou, tho leader of the Macedonian party

at Athens, to death. Antigonus, the commander-in-chief

in Asia, destroyed Euinenes, who was faithful to the royal

house but was a Greek from Cardia and not a Macedonian.

He then tried to reunite the satrapies ; but Ptolemy of

Egypt, Lysimachus of Thrace, and Seleucus of Babylon
combined with Cassander of Macedon against him, and he
fell (301 B.C.) at the battle of Ipsus in Phrygia. This

decided the final break up of the empire. Several native

princes retained their dominions and formed a kind of

neutral zone between the new kingdoms, and the Geta3 on
the Danube maintained themselves against Lysimachus.

The customary feuds in tho royal house, and its intrigues

with the generals, soon led it to destruction. Eoxane, the

mother of the child Alexander, began by murdering
Alexander's other wife Statira, the daughter of Darius.

Alexander's Epirote mother Olympias killed Philip

AridEeus and his wifo Eurydice, and Cassander killed

Olympias herself, and afterwards Eoxane with her son.

There were similar feuds and murders in the houses of- all

Alexander's successors, except the early Antigonids. Their

marriages, like those of Philip and Alexander, were of a

very Oriental character ; and " in these families," sa.jB,

Plutarch, "murders of sons, mothers, and wives were
frequent, murders of brothers were even common as a

necessary precaution for safety." The generals assumed
the title of king after Demetrius's defeat of Ptolemy off

Cyprus (307 B.C.), and their example was followed by
Agathocles at Syracuse, and Dionysius at Heraclea on the

Euxine. Demetrius, after his father's death at Ipsus, fled

to Greece, and occupied much of tho country. His viceroy

in Boeotia was the historian Hieronymus of Cardia, the

friend and fellow-citizen of Eumenes. Demetrius for a

time even gained Macedonia, but his Oriental rule disgusted

the people, and he had to fly to Seleucus, who married

Lis daughter Stratonice. Seleucus detained him under
honourable guard till his death, perhaps with some idea of

using his help if the balance of power should again be
threatened. When an empire breaks up, old geographical

relations make themselves felt, the great masses and
divisions of the land exert their influence and affinities of

(race begin to show their old power, the natural boundaries

of mountain and river tend to reappear ; and so it proved
inow. After Cassander's death, and the defeat of Lysimachus

by Seleucus, Seleucus reorganized Asia by breaking up the

twelve large satrapies into more than seventy districts of a

more manageable size. He then crossed to Europe to re-

unite Macedonia to Asi,i, but was murdered by Ptulemy
Ceraunus, eldest sun of Ptolemy of Egypt—who had choseu
his second son Philadelphus as his heir instead of tho wild
Ceraunus, Scleucus's death ended tho generation of
Alexander's generals. A new state of things followed.

Ceraunus fell in battle against the invading Gauls, whoso
migrations gave a final blow to the old system. Part of
the Gauls passed on into Greece, where the free states

destroyed them, while others crossed into Asia and
occupied the country named from them Galatia, 27G B.a
Lastly, after Pyrrhus of Epirus, whose sister Deidamia
married Demetrius, had more than once nearly gained
possession of ilacedonia,' Antigonus Gonatas, the son of

Demetrius, finally secured the succession, a-nd restored the
wasted realm to the position of ono of the great kingdoms
by the side of Egypt and Syria. Tho last struggle of

Athens against him in the war of Chremonides (a pupil of

Zeno of Citium) proved fruitless. He also regained tho

Macedonian frontier on the side of Epirus as it had been
in Philip's time, and the Aous became the boundary
towards the Dardanians on the north-west. Of tho

kingdom thus restored his family retained possession till

Perseus was overthrown by the Romans at the battle of

Pydna(lG8 B.C.), but the later kings wasted their strength

in useless wars instead of doing what might have been
done, conquering and Hellenizing the country up to the

Danube. The Epirote kings Alexander and Pyrihus had
striven to found a new military empire in Italy, but in

vain. The Apennines can be seen from tho coast of

Epirus, and these kings were always stretching eager

hands over the sea to the new lands in the West, but their

power proved unequal to the task, and Pyrrhus's position

in history is mainly important because his expedition

brought Greece and Italy into close connexion. His
geniality of character impressed his contemporaries, and
has loft its impress on Roman and Greek legend.

In Asia Seleucus had in vain tried to preserve the most
easterly provinces, for the Eastern nature had at onco begun

to react against the Macedonian conquest, and tho Seleucid

kingdom had no true centre or natural limits. Sandra-

cottus, a native chief, founded a great kingdom in India

with Indian and " Javanic "(Ionian, ?.c., Greek) support; and
Seleucus, after one campaign, gave up the eastern districts

as far as the Paropamisadas west of Cabul. SandracottuB

was perhaps supported by the Brahmans whom Alexander

had opposed, but the Punjab has witnessed more than one
revolt against the system of caste, which had its stronghold

in tho valley of the Ganges ; and Buddhism soon became
predominant in tho new kingdom. The edicts of Asoka,

the second successor of Sandracottug, which mado Buddhism
the state religion (though Brahmanism was tolerated),

mention Antiochus Ptolemy and Antigonus (see India, vol.

xii. p. 787, for a full account); and Buddhist missionaries

began to spread the faith westwards as well as to the south,

and some knowledge of the cycle of Eastern story and fable

was communicated to the Greeks. But we have not the

materials for estimating the influence exercised in Asia by
the Greeks on the new kingdom. Similarly a Gr£eco-

Bactrian kingdom, which . was made independent by
Theodotus or Diodotus about 256 B.C., lasted for two

centuries. Many of its coins have been found with

legends at first purely Greek, but becoming gradually

barbarized. Some of the early ones resemble the gold

coins of Antiochus IT. of Syria, who ruled just before

Diodotus made tho new state independent. After the first

five kings, however, the legends are in Prakrit as well as

in Greek. The caravan routes were long kept open, and

in this way trade with China was maintained, and silk and

other Chinese commodities reached Europe. Farther west
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nativo Persian cLIofs became practically iiiclependent, sucb

as Atropates in the Miidian district, called from him

Atropatene, and elsewhere; for the clan system was suited

to these districts, and they preserved the system of Zoroaster

till Artaserxes (Ardshir) restored the Persian monarchy,

226 A.D. (see Persia). But even here Greek influence

lasted on ; nor when Arsaccs, about 250 B.C., had act up the

kini'dom of Parthia and made Ilecatorapylus his capital,

did that influence die out in Parthia. Even the new cities

founded by the Parthian kings, such as Dara, were on the

Greek model, and largely inhabited by Greeks; and some

of the chief cities retained Greek municipal constitutions,

such as Ctesiphon, which took the place of Seleucia on the

Tigris as Seleucia had taken the place of the old capital

Babylon

—

" Of later fame,

Built liy Ematliinn or Tiy I'artliian hands,
.

The great Seleucia, Nisi'bis, and there

Artaxata, Teredon, Ctesiphon."

So again in Asia Minor native chiefs began to rule in

Armenia, Bithynia, Cappadocia, Paphlagonia, and Pontus
;

and some of thorn, such as the Cappadocian princes of tho

Mithridatic family, who afterwards ruled at Amasia,

claimed descent from the royal Achsemenid house of Persia,

or from leading Persian houses. They, as well as tho

princes of Pontus, intermarried with th3 house of Seleucns,

to which their help was important. Bithynia and Pontus

had an era of independence, from which they reckoned

their dates just aa the Syrian kings did from the return of

Seleucus to Babylon.. The independence of Judaja under

the Maccsbee'^ was established at a later time (see Ishajjl).

All ihese V ere subject' to tho Ilellenizing influence of the

GreeK towns ; and the Greek language spread everywhere,

even among tho Oalatians, as we see by the inscriptions.

Nicomedes of Bithj-nia founded Nicomedea in 204 B.C., as

a Greek town ; it soon rivalled Nicaja in importance, and

we owe to it Arrian, the historian of Alexander. The
barbaric princes often took wives, ministers, officers, en-

gineers, literati, artists, actors, and intermediate agents of

all kinds from some neighbouring Greek city, a custom

which had begun before the time of Alexander, as we see

in the case of Mausolus of Caria. In Pergamon, about £38
B.c.,Phileta5rus, by the help of the royal treasure, made him-

self independent, and under Eumenes and Attains the little

state showed much political skill in trimming the balance of

power between the neighbouring dynasties. Attains took

the title of king after a victory over the Galatians on

tho Caicus, and this victory was commemorated by the

Gigantomachia around the famous altar lately discovered

at Pergamon (see Conze, Besckreihung der Pergamenischen

Bildwerke ; Overbock, GescldcJtte der Griecldschen Flastik,

3d ed.). He also sent commemorative statues to Athens

;

one of which, long celebrated as tho Dying Gladiator,

is now seen to ba the portraiture of a dying Gaulish

chief. Greek art, transplanted from Athena and the

PoloponndSa to Pergamon and Bhodes, though it had ac-

quired a somewhat florid tinge, was yet not unworthy of

its descent from the schools of Phidias and Lysippus, and
owing to the close alliance of these two cities with Rome,
as against Maccdon and Syria, this revived Greek art found

its way to Italy. Pergamon also became a centre of Greek
learning only second to Alexandria ; and, when Ptolemy

cut off tho supply of papyrus from Egypt, Crates of Mallus

in Citicia (whoso name was only second to that of

Aristarchua) ia said to have revived the old Asiatic use of

" parchment"—a name which itself preserves tho memory
of Pergamon. Papyrus, it ia trie, remained the usual

material for books till about the 4th century, when tho

Christian Church finally adopted the new material duo to

tho invontioQ of Crates (see Birt, Das antike Hwhwesen).

All along the coast also a number of Greek cities acquired

practical independence owing to the division of power

among tho princes, Greek as well as native, who were

further kept in check by the invading Gauls. Such wore:

the cities of Byzantium, C'yzicus, Heraclea, Sinope, and

Olbia ou the north-west of the Black Sea, and Panticapajuoi

or Bosporus between that sea and the Palus Majotis. Tha
true Greek spirit survived above aU in Rhodes, as it did

also at Massalia in the West. All the more did tho Syrian

kings strive to maintain their power by founding cities

under their own rule, which were made attractive to new
colonists by something of municipal independence, witk

tho right to bear arms, to coin money, and to manage their

own judicial alTairs. Each city had its demus, senatet;|

archons, and generals. There were four of these great cities

in Syria itself :—two inland, Antioch on the Orontes, tha

greatest commercial entrepot in the East, and Apamea,
the military centre of the kingdom ; two on the coast,

Seleucia, with its rock fortress to serve as a refuge in time

of trouble, and farther south Laodicea on the sea, among
its rich vineyards. , They were all named after the royaL

family. Other towns were named from places in Greece

or Macedonia, such as Achaia, Amphipolis, Apollonia,

Arethusa, Astacus, Beroea, Callipolis, Chalcis, Edessa,

HerKa, Larissa, Maronea, Oropus, Pella, Perinthus, Tegea j

for the oppressed Greeks of Greece itself and of Magna
Grfecia herei found an outlet for their energy. Some
military colonies were planted on the west and south of

Galatia, to keep the Gauls in check, and guard the roads-

leading from Phrygia, the centre of the commerce of Asia

Minor, to the towns on the coast ; such were Antioch in

Pisidia, Apamea Cibotus, Synnada, and Thyatira. Evea
Palestine, notwithstanding the temporary success of the

Maccabees, was full of Greek towns like the later Csesarea,

and the manufacturing population used the Greek language.

We have some traces of the state of things in the Economics^

a work of this period, though falsely attributed to Aristotle ;

and the later political literature shows that men had a

clear idea of the aims and means of the politics of the day,

and that diplomacy and international law had considerably-

developed. Thus a large influx of now Hellenic blood was

poured into the lands on this side of the Tigris, into Asia.

Jlinor, Mesopotamia, and Syria ; during the century after

Alexander's death nearly two hundred cities were founded,

and the Greek race became predominant in western Asia,

though of course it was differentiated by the various peoples

which it undertook to assimilate, and by which it could'

not but be influenced in turn, especially as the princes

found it necessary to conciliate them. Tho historians of

tho time are mostly lost ; but many inscriptions survive

which show what a blending of populations took place.

One gives us a rescript of Antigonus on incorporating the

people of Lebedus with the Teians. Another shows that

Magnesia became absorbed in Smyrna, now restored after

it had long lain waste. Others tell us that places like

Erythrrc and lasus recovered something like independence

owing to tho needs of the Syrian kings. Amidst the feuds

of the great powers the Ionian states recovered their

freedom, and were able to form a kind of^ federal union.

Similarly we hear of the community (kojiov) of Bithynia,

of Asia, and the like. A new life of a somewhat different

kind from the old Greek life in politics, religion, and science

dates from the revolution effected by-Alesander's conquests,

though in tho lower strata of the country population old

beliefs still had some hold, as is evident by what Pausanias

found existing even in his day in Greece itself. But old

distinctions tended to vanish away, only that between poor

and rich acquired st'll greater force, material interests

became predominant Wo see also that in tho manu-

facturing towns tho workmen had formed benefit societies,.
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and secret or public associations of various kinds. And it

was iu these commercial centres, with their somewhat
cosmopolite character, free from old prejudices and ideas,

that Christianity found an early homo. Greek freedom

made a great impression in the East. The Greeks had no
system of castes, no close priesthood, no sacred books like

those of India to limit their development ; their views may
almost be called cosmopolitan, and tho distinction between
"Greek" and'" barbarian " already tended to disappear, as

Alexandei- perhaps had wished. Attic speech became the

basis of the new written language, and, with Attic customs,

prevailed at the courts of Alexandria and Babylon, of

Bactra and Pergamon. Attic plays were acted at Ctesiphon

down to Eoman times ; and the later rhetoricians and
sophists imitated the masters of Attic oratory. The Greek
view as to Philip and Alexander was thus enabled to

hold its own against the prevailing Macedonian tone on
these matters, espscially when Macedonia lost its leading

position, for that country produced only soldiers—with the

exception of Marsyas of Pella, and of King Ptolemy, who
wrote with true military brevity an account of Alexander's

campaigns, which Arrian wisely preferred to the more
romantic account of Clitarchus. But, though the towns
became Hellenized, yet the Hellenistic populations did not

possess the highest qualities of the Greek mind, as the

surrounding elements and the climate naturally wrought
some alteration. Polybius looked with surprise at the

Greeks settled in Alexandria. The living forces of Greece

—its productive genius, self-organizing power, and active

spirit of political life—were weakened and gradually lost

their energy. The Attic language became the Hellenistic,

Attic eloquence received a florid Asiatic tinge (though

^schines himself taught at Rhodes), but true eloquence

can only flourish, as Tacitus points out, in a free state.

Literature and art lost their connexion with a true national

life. Architecture took another character, and the plastic

art of Pergamon, though derived from Athens, and that of

Rhodes, though derived from the Sicyonian school, through

Chares of Lindus (who modelled the Sun-god, known as

the "Colossus"), had lost the self-restraint and dignity of

the highest Greek art. But the suppression of political

freedom turned the force of the Greek mind all the more
strongly into other channels, and science and criticism, and
speculation and literary history, made a great advance.

Considerable schools were opened at Tarsus and other

centres of commerce. As the free state lost its power over

the mind, men- had recourse to philosophy, and regained in

mental fortitude aud independence the outward freedom

they had lost. Then this feeling reacted on politics, and a

generation of patriots like Philopoemen arose, worthy to

represent Greece in these her last days. The new teaching

of freedom came forth, as was right, from Athens ; it was
the followers of Arcesilaus, the founder of the new
Academy, who freed ^Megalopolis from its tyrant. The
later developments of philosophy were mainly due to Zeno
of Citium in Cyprus, and to Epicurus, who finally taught

at Mytilene and Lampsacus; but Athens wasstiU the chief

home of their teaching. The writings of the great

philosophers of this age, however, are mostly lost to us,

as well as those of the historians, and after Aristotle there

is a strange gap in the tradition up to the Christian era.

The Greeks now wished to know the early history of the

East, and the Eastern peoples wished to make their history

known to the great literary nation. Hence Berosus wrote

the history of Babylon for Antiochus II., from the archives

in the temple of Belus, Manetho that of Egypt for Ptolemy
Philadelphus, Menander of Tyre that of Phoenicia, and
Jewish writers the history of their race and religious

views, which are finally summed up for lis by Philo and

Josephus. The sacred books of Egypt, Palestine, and

Persia were to be found in the Alexandrian library, an(l

the religious syncretism that resulted from the mixture of

races prepared the way for monotheism and for Christianily.

The astrology, however, and divination of the East in turn

made their way amoug the Greeks, aud led to curious

superstitions, and a whole literature of Sibylline books
and similar forgeries sprang up. Christianity itself spread

chiefly in the Hellenized towns ; the coantry districts wera
much longer in feeling the new influence.

It was in Egypt, however, that Hellenism was perhaps

most highly developed. The Ptolemies gained Cyrene and
Cyprus, and struggled hard with the Syrian kings for the

possession of Phosnicia ; Palestine was as of old the battla-

field for the king of the north and the king of the soutJu

The Ptolemies even held Seleucia at the mouth of the

Orontes for some time. The history of these times is lost

in its detail ; the only thing certain is the spread of the

Hellenistic spirit in the East. Many Jews were trans-

planted to Alexandria and Cyrene, occupied largo quarters

of those cities, aud had fuU civil rights. The Ptolemies

also pushed south into Ethiopia, and the African elephants

which they trained for war enabled them to oppose the

Syrian army with its Indian elephants. A Greek .inscrip-

tion at Adulis, though of later origin, commemorates the

conquests of the third king of this line. These kings also

secured the route down the Red Sea, reopened the old canal

of Necho leading from . the Nile into that sea, founded

Arsinoe and other important towns, and made discoveries

on the route to India. The new information thus gained

was recorded in the geographical works of Agatharcides of

Cnidus and Artemidorus of Ephesus. The old trade of

Egypt had chiefly consisted in the expoit of corn; now Ilia

wares of Arabia, South Africa, and India came through

Egypt to Europe, and ships of Alexandria became frequent

visitors to the western waters. Even in Asia Minor Egypt
won influence as Syria lost it, and a coart poet (perhaps

Theocritus) was justified in praising the Egyptian king who
was master of the sea. The carrying trade had fallen

largely into the hands of Egypt from the time when the

war between Seleucus and Antigonus stopped the trade of

the caravans by land, and the import and export duties

formed a large part of the Egyptian revenues. After the

return of Pyrrhus from Italy, Philadelphus even made a
treaty with Rome. The Sicilian Greeks might be rivals in

trade, but the Italians were good customers, and produced

the excellent wool which was invaluable for the Egyptian

manufactures, as the cultivation of cotton in Egypt had
but begun. Puteoli, the first really good port to tlie south

of Rome, was the chief centre of the trade even at this

early time. The Egyptian trade was concentrated in

Alexandria, which thus became one of the greatest cities

on the earth. Science flourished there, and men like

Archimedes came thither to study. Much of what was done

was done for ever. No mathematician has to redemonstrate

the problems of Euclid. Geography was founded by

Eratosthenes of Cyrene on a mathematical and astronomical

basis ; he first calculated the magnitude of the earth by

measuring an arc of the meridian, the process employed at

the present day. Modern astronomy too is the natural

development of the work of Hipparchus and Ptolemy.

Erasistratus and Herophilus investigated the structure and

functions of the valves of the heart, and the nerves of

sensation and motion, and a close connexion was thus

formed between anatomy and medicine. The Museum, a

sort of college, numbered Eratosthenes, Callimachus,

Aristophanes, and Aristarchus among its members. They

fixed the text of the classical writers on critical principles;

and grammar assumed the form itkept for centuries. Poetry

itself had a kind of second summer with Callimachus and

ApoUonius Rhodius, and, under Sicilian influences, with
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Theocritus, Bion, and Moschus. All the knowledge of the

yast wasi treasured up for transmission to a future age.

There was no more unity among the Mucedonian
monarchies than there had been among the free cities of

Greece, and the kings were even less able to combine
against Rome than the republics against Philip. When
Philip V. tried to keep the Romans out of Greece, he met
with no support from Antiochus the Great, and was defeated

by Flamininus at Cynoscephate, 197 b.c. Antiochus in

turn had no help from Philip when Scipio crossed into Asia
and defeated the Syrian army at Magnesia, 190 b.c. Last
of all, Perseus was overthrown at Pydna (168 Kc), while

Antiochus Epiphanes was trying to plunder Egypt ; and
]\Iacedonia was divided into four districts, like those out

of which the kingdom had been originally formed

—

Amphipolis, TLessalonica, Pella, Pelagonia- The Romans
in many respects carried on the work of spreading Greek
culture. They gave the Greek cities of Asia a freer scope

for their action on the country ; they united the whole

Grefek race, east and west, under one rule, and opened out

thj world to their enterprise. We meet with many great

names iu this later age, such as Posidonius at Rhodes,

Galen at Pergamon, Strabo at Amasia. Epictetus was a
Greek slave from Phrygia. Cappadocia became so

thoroughly Greek that the church itself owed to it such
men as Basil and Gregory. The Greek influence even
spread to Palmyra in the desert, and its ruin in the third

century marks the first great check sustained by Hellenism.

But under the rule of Rome it may almost be said that the

primitive unity of the Grseco-Italian race was restored, and
the work of the Macedonian conqueror completed in western

Asia.

This article is mainly based on Grote's Greece, and Droysen's
Hetlenismus, 2d ed., 1877. For more detailed accounts and for

tbe personal history see ALEXANnER, Antigonus, Antioohus,
AsTiPATER, &c. The original authorities are collected in. Didot's

llislorici Orseci, and his Arrianus, 1877. (C. W. BO.)

MACEDONIUS, a deacon, was raised to the patriarchate

of Constantinople as successor of Eusebius of Nicomedia

by the Arian bishops in 341 a.d., while the orthodox party

elected Paul, whom Eusebius had superseded. The
partisans of the two rivals involved the city in a tumultuous

broil, murdered Hermogenes, the general whom Constantius

II., during his own absence, had empowered to preserve

order, and were not qnelled until the emperor himself

returned to the city and banished Paul'. Macedonius was

recognized as patriarch in 342. In that year Paul again

returned, and was again banished, and Macedonius, amid
much tumult and bloodshed, was forcibly installed in his

see by the imperial troops. Compelled by the intervention

of Constans in 348 to confine his authority again to one

church, and to resign the patriarchate in favour of his

former opponent, he was reinstalled in 350. He then took

vengeance on his opponents by a general persecution of the

adherents of the Niceno creed. In 356 he occasioned a

disastrous and bloody tumult in Constantinople by causing

the ashes of Constantino the Great to be removed from the

dilapidated church of. the Apostles to that of St Acacius.

In 359, on the division of the Arian party into Acacians (or

pure Arians) and semi-Arians, Macedonius adhered to the

latter, and iu consequence was expelled from his see by the

council of Constantinople in 360. He now became avowed

leader of the sect of Pneumatomachi, Macedonians, or

.Marathoniang, whoso distinctive tenet was that the Holy

Spirit is but a divine influence pervading the universe and

not a person distinct from the Father and the Son. He did

not long survive his deposition.

MACEIO, or Macayo, a city of Brazil, the chief town of

the province of Alagnas, and one of the ports open to foreign

trade, is situated about 1 50 miles south of Pernambuco,

in 9" 39' S. lat., on an eminence about a mile from the shore,

in the midst of luxuriant vegetation. If possesses a fine

cathedral and an elegant house of assembly, as well as a
cotton inspection oSice and a custom-house. As its harbour
at Jagudra on the coast is but slightly protected by reefs

and a small peninsula, and the water deepens slowly from
the sandy beach, vessels cannot approach the piers (of

which there are several), and have to be discharged and
loaded by lighters. Trade, however, is on the increase,

and will develop largely on the completion of the railway
to the interior. In 1880 44 British and 35 foreign vessels

entered, with a burden respectively of 17,624 and 10,482
tons ; and cotton and sugar were exported to the amount
of 4181 and 27,810 tons. In 1839 the town became the
provincial capital instead of Alagoas. The population is

about 20,000.

_
MACERATA, a city of Italy, the chief town of a pro-

vince, a bishop's see, and the seat of a court of appeal, lies

22 miles south of Ancona, and 17 miles by road west of

Civita Nova, the nearest station on the East Coast Railway.
Crowning the top of a hill about 1300 feet in height with
a picturesque mass of buildings enclosed by walls and
towers, Macerata looks out over the Adriatic and the

valleys of the Potenza and the Chienti. The cathedral is

a modern structure of but little interest; but some of the

churches, and especially some of the palaces, —Palazzo dei

Torri, Palazzo Bonaccorsi, etc.,—are fine pieces of architec-

ture; aud at a short distance from the town stands the

beautiful S. Maria delle Vergini, designed by Galasso da
Carpi, but often attributed to Bramante. Besides the

university, Macerata contains a communal library founded
by Leo XII., and, in the municipal buildings, a collection

of antiquities from Helvia Ricina. Its infant schools were

the first established in the papal states. Glass and pottery

are among the manufactures, and three fairs are held

yearly. The population of the commune has increased

from 19,283 in 1861 to 20,219 in 1881 ; that of the town
was 10,065 at the former date.

Ifacerata, as well as Eecanati, was founded by the inhabitants of

Ricina after the destruction of their city by Alaric in 408. During
the Lombard period it was a flourishing to\m ; but it was from conr-

parative insignificance that it was raised by Nicholas IV. to be the
Soatiof the governors of the March. By tbe viceroy of Frederick

II. it was enclosed in the 13th century by a new line of walls

more than 2^ miles in circuit ; and in the troubles of the next two
hundred years it had frequent occasion to learn their value. For

the most part it remained faitliful to the popes, and in return it

was rewarded by a multitude of privileges., Tliough in 1797 the

inhabitants opened their gates to the French, two years afterwards,'

when the country people took refuge within the walls, th? city was
taken by storm and delivered to pillage, 'i'he bishopric of Macer-

ata dates from the suppression of the see of Recanati (1320).

Crescimbeni, the poet of tne 13th century, bis namesake the founder

of the Arcadian Academy at Rome, and Matteo Hicci, the Chinese

missionary and scholar, were natives of the city.

MACGILLIVRAY, William (1796-1852), a writer oo

several branches of natural science, but best known as an

ornithologist, w.is born in 1796. He studied as un arts

student in King's College, Aberdeen, graduating 51. A. in

1815, and also studied medicine, but did not complete the

latter course. In 1823 he became assistant to the professor

of natural history in Edinburgh University ; and in 1831 he

was appointed curator of the museum of the Ro3'al College

of Surgeons iu Edinburgh. In 1841 he became professor

of natural history and lecturer on botany in Marischal

College, Aberdeen. He died in 1802. He possessed a

wide and comprehensive knowledge of natural science in its

various departments, gained no less from personal observa-

tions in the course of frequent excursions through different

parts of Scotland than from a study of the coUectious

under his charge in Edinburgh and of books. His industry

and extensive knowledge are amply shown in his published

works, tie contributed numerous articles on tho zoology,

botany, and geology of Scotland to tbe scientific journals
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in Edinburgh, to the Moganne of Bolany and Zoohfjy, and

to the Transactions of the British Association. He also

assisted Audubon in his classical works on the Birdu of

America; and he edited Withering's British Botany.

His larger works are numerous, and include biographies

(of Humboldt, and of zoologists from Aristotle to Linnaeus),

Text-hooks of Botany, of Geology, and of Conchology, a

History of British Quadrupeds, a History of the Moilusca

ofAberdeen, Banff, and Kincardine, a Manual of British

Ornithology, and a History of British Birds, in 6 vols.,

1837-52. The last work holds a high rank from the

escellcnt descriptions of the structure, habits, and haunts

of birds, and from the use in classification of characters

afforded by their internal organs. In 1850 ho spent some
time in the Highlands of Aberdeenshire. The results are

embodied in the Natural History of Deeside, published

after his death by command of the queen.

He made considerable collections, alike for the instruc-

tion of his students and to illustrate the zoology, botany,

and geology of the parts of Scotland examined by him,

especially around Aberdeen. His success in enlisting the

interest and co-operation of his students is shown by the

assistance acknowledged by him in his work on the

mollusca of that district. His devotion to his favourite

sciences made him apt to be careless of risk to health, and
seems to have led to the illness that proved fatal. Though
his reputation rests chiefly on his works on birds and on

molluscay his other writings are also of interest and value.

In some respects he was in advance of most of his con-

temporaries, e.g., in the opinions in regard to species

published in his Te.vt-book of Botany (pp. 210, 211) in

1810.

His reputation might have been greater as a specialist had he
restricted his investigations within narrower limits, but this he
was prerented from doing as much by the wide range of subjects

that ne had to teach as by his natural inclination. He had to

encounter great difficulties in ascertaining what had been already
nccomplished by naturalists elsewhere from the want of a good lib-

rary and of named collections for reference. To this fact may be
traced a tendency to regard as undescribed and to name whatever
animals he was unable to identify from books within his reacli, as
well as oocaaional apparent neglect of work done by others and nome
peculiar views on nomenclature and classification.

Throughout his life pecuniary difficulties, in part arising from
the pubbcation of his books, pressed on him ; and to this it was
probably due, at least in part, that, despite an amiable nature, he
U times expressed himself in controversy in a way that made him
keen opponents. .His books show that from all troubles he found
telief in tracing the proofs of wisdom and of goodness in nature.
Throughout his was a laborious life, and just before his death he
lompleted his History of British Birds, an enduring and worthy
nemorial of an earnest and true-hearted naturalist.

His family inherited a taste for similar pursuits. Ons son, John,
lontributed several articles to magazines on the natural history of
Icotland, and published an account of the voyage round the world
i H.M.S. "Rattlesnake," on board which he was naturalist
Lnother son, Paul, published an Aberdeen Flora in 1Sj3.

MACHIAVELLI, Niccol6 (1469-1527), was bcm at
Florence on the 3d of May 1469. His ancestry claimed
>lood relationship with the lords of Montespertoli, a fief

ituated between Val di Pesa and Val d'Elsa, at no great

listance from ihe city. In 1393'the castle of Montespertoli
)ecame the property of Niccolo's great-grandfather. At
his date the Machiavelli, like other nobles of the Florentine
imtado, had been absorbed into the body of the burghers,
Ind had bef^un to seek distinction as oflicers of the republic.

They counted numerous priors and gonfaloniers of justice

in the geneiations which preceded the illustrious secretary.

iTiccol6'8 father, Bernardo, who was born in 142S, followed
ihe profession of a jurist. He held landed property,
Ihiefly near the village of San Casciano, which was worth,
iccording to a recent calculation, something like £250 a
rea.r of OUT money. His son, though not wealthy, was
lever wholly dependent upon official income.

Of Niccol6's early years and education little is tnowtr.

He is said to have studied under the grammarian Marcello
Virgilio Adrian! ; and his works show wide reading in the

Latin and Italian classics. But it is almost certain that

he had not mastered the Greek language. In that age of

humauistic erudition, it is noticeable that the three most
eminent writer^ of the Renaissance—Machiavelli, Ariosto,

and Guicciardini—owed their training to the literature of

their own nation. To the defects of Machiavelli's educa
tioD, OS it appeared to men of Giovio's stamp, we may, in

part at least, ascribe the peculiar vigour of his stylo

and his speculative originality. He is free from the
scholastic trifling and learned frivolity which tainted the
rhetorical culture of his century. He made the world of

men and things his study, learned to write his mother-
tongue with idiomatic conciseness, and nourished his

imagination on the masterpieces of the Eomans. Machia-
velli shared the enthusiasm of his race and period for

antiquity ; but the antiquity he worshipped was confined

to the commonwealth of Rome. Not the arts, the letters,

and the philosophy of the Greeks, but the Latin histories

in which the statecraft and organization of the Romans
are described, arrested his attention. His habit of thought

is marked throughout by a strong Latin bias.

The year 1494, the year of Charles VIII.'s invasion and
of the Medici's expulsion from Florence, saw Machiavelli's

'first entrance into public life. He was appointed clerk in

the second chancery of the commune under his old master
Marcello Virgilio Adriani. Early in 1498 Adriani became
chancellor of the republic, and Machiavelli received his

vacated office with the rank of second chancellor and secre-

tary. This post he retained till the j'ear 1512. The
masters he had to serve were the Dieci di Liberty e Pace,

who, though subordinate to the signoria, exercised a sepa-

rate control over the departments of war and the interior.

They sent their own ambassadors to foreign powers, trans-

acted business with the cities of the Florentine domain, and
controlled the military establishment of the commonwealth.

The next fourteen years of Jilachiavelli's life were fully

occupied in the voluminous correspondence of his bureau,

in diplomatic missions of varying importance, and in the

organization of a Florentine militia. It would be tedious

and uninstructive to follow him through all his embassies

to petty courts of Italy, the first of which took place in

1499, when he was sent to negotiate the continuance of a
loan to Catherin>, Sforza, countess of Forli and Imola. A
more important mission followed in 1500, when Machiavelli

travelled into France, to deal with Louis XII. about the

aft'airs of Pisa. It is enough to say in general that these

embassies were the school in which Machiavelli formed his

political opinions, and gathered views regarding the state

of Europ* and the relative strength of nations. They
not only introduced him to the subtleties of Italian

diplomacy, but also extended his observation over races

very different from the Italians in their social and consti-

tutional developm.ent. He thus, in the course of his official

business, gradually acquired principles and settled ways of

thinking which he afterwards expressed in writing. He
was at no time a philosopher or man of letters by profession,

and when he came to write he gave to the world the con-

densed result of practical experience, combined with medi-

tations on the Latin historians, rather than a methodical

system.

His office obliged him from time to time to draw up
proposals and memorials on questiohs of the day, which

he presented to the Dieci. One of these, on the affairs of

Pisa, belongs to 1499; a second, on the condition of

Pistoia, to 1501 ; a third, of more general importance, on
the right way of dealing with the rebels of Valdichiana, to

1502. In this last-named document some of the points of
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view which stamp his later works with a distinctive

character emerge into prominence. We find him seeking

parallels and precepts in Roman history, laying down tUo

axiom that human nature is identical throughout the ages,

exposing the futility of half measures, and finally appealing

to Cesare Borgia as a model of political sagacity. It is

clear from this brief and early composition that Machiavelli

had already formed the habits of thought which dis-

tinguish him. He has begun to idealize Borgia's policy.

He interweaves historical reflexions with contemporary

analysis, using the past to illustrate the present, and

expounding practical doctrine from texts derived from

Livy. There is also noticeable the uncompromising spirit

of the man, who was destined afterwards in the Frincipe

to subordinate all minor considerations of morality and
conduct to the one object of political attainment.

In the year 1502 Machiavelli married JIarietta Corsini,

the wife who bore him several children, with whom, in spite

of his ow'n infidelities, he lived on good terms, and who
survived him twenty-six years. In the same year Piero

Soderini was chosen gonfalonier for life, in accordance with

certain changes in the constitution of the state, w'hich

were intended to bring Florence closer to the Venetian

type of government. This was an important event in

Machiavelli's career, for he now became iatimately connected

with Soderini, assisted him in carrying out his policy,

suggested important measures of military reform which

Soderini adopted, and finally was involved in ruin by his

fall. Machiavelli, it may be said in passing, had the

qualities of a good servant and a practical official. He
remained faithful to Soderini through the difficulties of his

later years of power, and spoke well of him subsequently.

Yet he was a severe critic, blaming the gonfalonier for

Avoakness of administration and half measures; and, when ho

died, ho indulged in a sarcastic epigram on his old master

which does less honour to his loyalty than to his wit.

The year 1502 was marked by yet another decisive

incident in Machiavelli's life. In October he was sent,

much against his will, as envoj' to the camp of Cesare

Borgia, or duke of Valentino, as ho was now called. The
duke was then in Komagna, and it was Machiavelli's

duty to wait upon and watch him. He was able now
to observe those intricate intrigues which culminated
in Cesare's seizure of Sinigaglia and the treacherous

murder of his disalfectcd captains. From what remains of

Machiavelli's letters to the Dieci during this period, and
'from his tract upon the Modo icnulo dal Diica Valentino
iieW amma::are Vitellozzo Yitelli, we are able to appreciate
the actual relations which existed between the two men, and
the growth in Machiavelli's mind of a political ideal based
upon his study of the duke's character. Machiavelli was
a mere spectator and critic, by no means an advisor of

the duke. He seems to havo been even weary and
uneasy in the network of hypocrisy and crime in which
ho found himself,—refreshing his spirits with jocular

letters to his private friends, and with tho study of a
Plutarch which they sent him. Ho was also able to

stigmatizo the Borgia's conduct from a conventional point
of view, as is proved by his calling him a "basilisk" and
" hydra " in his Decennali. Yet ho conceived the strongest

admiration for his combination of audacity with diplomatic
prudence, for his adroit use of cruelty and fraud, for his

self-reliance, avoidance of half measures, employment of

native troops, and firm administration in conquered pro-

vinces. Moro than once, in letters to his friend Vettori,

no less than in tho pages of the Principe, ho afterwards
expressed Lis belief that Cesare Borgia's behaviour in tho
connuest of provinces, the cementing of a new state out of

scattered elements, and tho dealing with false friends or

doubtful allies, waa worthy of all commendation and of

scrupulous imitation. Hydra and basilisk were terms, not'

of reproach, but of panegyric, on the lips of the writer who
warned his prince to acquire the nature of the fox and of

the lion, who spoke familiarly of frodi onorevoli, tcelleratezze

gloriose, and whose conception of Virtii was self-reliant

ability. As he watched Cesare Borgia at this, the most
brilliant period of his adventurous career, the man became
idealized in his reflective but imaginative mind. Bound
him, as a hero, he allowed his own conceptions of the

perfect prince to cluster. There was so much in the conduct

of the duke which exactly fitted with those conceptions, so

much of that ideal had conversely been derived at first

hand from the duke himself, that the hero and tho adven-

turer were, as it were, confounded. That Machiavelli

separated the actual Cesare Borgia, whom he afterwards

.saw, ruined and contemptible, at Piome, from this radiant

creature of his political fancy, is probable. That tho

Cesare of history does not exactly match the Duca
Valentino of Machiavelli's writings is certain. Still the

fact remains that henceforth Machiavelli cherished the

ideal image of the statesman which he had modelled upon
Cesare, and called this by the name of Valentino.

On his return to Florence early in January 1503,
Machiavelli began to occupy himself with a project he had
long since formed, and which his recent attendance upon
Cesare Borgia had strengthened in his mind. The duties

of his office obliged him to study the conditions of military

service as they then existed in Italy. He was familiar

with the disadvantages under which republics laboured

when they engaged professional captains of adventure and
levied mercenary troops. The bad faith of the condottiere

Paolo Vitelli (beheaded at Florence in 1499) had deeply

impressed him. In the war with Pisa he had observed

the insubordination and untrustworthiness of soldiers

gathered from the dregs of different districts, serving under
egotistical and irresponsible commanders. His reading in

Livy taught him to admire the Roman system of employ-
ing armies raised from tho body of the citizens ; and
Cesare Borgia's method of gradually substituting the

troops of his own duchy for aliens and mercenaries showed
him that this plan might bo adopted with success by the

Italians. He was now determined, if possible, to furnish

Florence with a national militia. The gonfalonier Soderinj

entered into his views. But obstacles of no small magnii
tude arose. First came the financial difficulties in which
the Government was then involved. The suspicion and
jealousy of the Florentines had also to bo encountered.

Some of them feared lest Soderini, if he.armed the common-
wealth, would aspire to tyranny. All alike were adverse

to arming tho population of subject cities like Arezzo and
Cortona ; for it must bo remembered that an Italian

republic ruled its province with the despotism of an
autocrat, and the towns beneath its sway were always
panting for independence. Tho question of money was
immediately pressing. Early in 1503 Machiavelli drew
up for Soderini a speech, Discorso sul/a provisione del

Danaro, in which the duty and necessity of liberal

expenditure for the protection of tho state were expounded
upon principles of sound political philosojjhy. Between
this dato and the last montfi of 150G JIachiavelli laboured

at his favourite scheme, working out memorials on the

subject for his oftice, and suggesting tho outlines of a new
military organization. On the Cth of December 150G his

plan was approved by the signory, and a special ministry,

called the Nove di Ordinatiza c Millzia, was appointed.

Machiavelli immediately became their secretary. The
country districts of tho Florentine dominion were now
divided into departments, and levies of foot soldiers were'

made in order to secure a standing militia, A commander-'
iu-chicf bad to be choscu for the new troops, >. Italian.
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jealousy shrank from conferring this important office on a

Florentine, lest one member of the state should acquire a

power dangerous to the whole. The choice of Soderini and

Machiavelli fell, at this juncture, upon an extremely

ineligible person, none other than Don Micheletto, Cesare

Borgia's cut-throat and assassin. It is necessary to insist

upon this point, since it serves to illustrate a radical

infirmity in JIachiavelli's genius. TVhile forming and
promoting his scheme, he was actuated by principles

of political wisdom and by the purest patriotism. But he

failed to perceive that such a ruffian as Micheletto could

not inspire the troops of Florence with that devotion to

their country and that healthy moral tone which should

distinguish a patriot army. Here, as elsewhere, he revealed

his insensibility to the ethical element in human nature.

Knowing that Don Micheletto had worked well for Cesare

Borgia, accustomed to disregard private morality as in-

significant in public conduct, he was satisfied to entrust

the discipline and education of his raw militia to a

notorious villain. His indifference to personal ethics led

him now into a practical blunder, as it afterwards vitiated

his political writings with a philosophical error.

Meanwhile Italy had been the scene of memorable
events, in most of which Machiavelli took some part.

Alexander VI. had died suddenly of fever. Julius II. had
ascended the papal chair. The duke Valentino had been

checked in mid-career of conquest. Machiavelli was sent

to Rome during the conclave, when he renewed his inter-

course with Cesare Borgia. On this occasion he seems to

have felt nothing but contempt for the hero of his dreams,

who had sunk into insignificance and almost abject

submission. The collapse of the Borgias threw Central

Italy into confusion; and Machiavelli had, in 1505, to

visit the Baglioni at Perugia and the Petrucci at Siena.

In the following year he accompanied Julius npon his

march through Perugia into the province of Emilia, where

the fiery pope subdued in person the rebellious cities of

the church. Upon these embassies Machiavelli represented

the Florentine Dieci in quality of envoy. It was his duty
to keep the ministry informed by means of frequent

despatches and reports. All this while the war for the

recovery of Pisa was slowly dragging on, with no success

or honour to the Florentines. Machiavelli had to attend

the camp and provide for levies amid his maiiy otlier

occupations. AJid yet he found time for private literary

work. In the autumn of 1504 he began his Dicennali, or

Annals of Italy, a poem composed in rough terza rima,

and now remembered only for one line describing the

courage of Piero Capponi, when .he defied Charles VIII.

to his face in 1495 :

—

" Lo strepito dell' anni e de' cavalli,

Non pot4 far che non fosse sentita

La voce d'un Cappon fra cento Galli."

About the same time he composed a comedy on the

model of Aristophanes, which is unfortunately lost. It

seems to have been called Le Maschere. Giuliano de' Ricci

tells us it was marked by stringent satire upon great eccle-

giastics and statesmen, no less than by a tendency to
" ascribe all human things to natural causes or to fortune."

That phrase accurately describes the prevalent bias of its

kuthor's mind.

The greater part of 1506 and 1 507 was spent in organiz-

ing the new militia, corresponding on the subject, and
scouring the country on enlistment service. But at the
end of the latter year European affairs of no small moment
diverted Machiavelli from these humbler duties. Maxi-
milian was planning a journey into Italy in order to be
crowned emperor at Rome, and was levying subsidies from
the imperial burghs for his expenses. The Florentines

thought his demands excessive. Though they already

had Francesco Vettori at his court, Soderini judged it

advisable to send Slachiavelli thither in December. He
travelled by Geneva, all through Switzerland, to Botzea,

where he found the emperor.

Tliis journey was an important moment in his life. It enabled

him to study the Swiss and the Germans in their homes ; and the

report which he wrote on his return, Rnpporto di Cose dclla Magna,
reckons among his most efifective political studies. InstcjJ of con-

fining his attention to the analysis of parties or the portraits of

eminent persous in the countries he had traversed, Machiavelli strova

to estimate the esseutial element? of national success or failure.

The antique sobriety of the Swiss, their absolute equality and inde-

pendence, their efficient national militia, inspired him with such

admiration that henceforth the Swiss appeared to liim the model
of modem nations and the most formidable among the neighbours

of the Italians. He pointed out that tbe strength of Germany la^

in the free cities, while the emperor was weakened, not only by
his own indecisive character and want of funds, but by the jealousy

of ths feudal princes. The German princes, the burghs, and the

empire being ill-accorded, and the Swiss being hostile to all alike,

this vast nation lacked the force which its excellent morality, sober

living, and vigorous military organization ought to have secured it.

What is most remarkable in JIachiavelli's report is his concentrated

effort to realize the exact political weight of the Gevman nation,

and to penetrate the causes of its strrngth and weakness. He
attempts to grasp the national character as a whole, and thence to

deduce practicalconclusions. Certain mistakes he undoubtedlymade.
He treated the Swiss, for example, too much as though they were
a part of Germany. He exaggerated the simplicity and sobriety of

the race at large, seemingly inspired by Tacitus, and inflamed in

his own imagination by sympathy with a people who realized his

cherished dreams of national health. His indifference to ecclesi-

astical questions prevented him from discerning the crisis of the
Eeforraation, which was on the verge of precipitating Germany into
the discord of religious wars. Yet, allowing for these drawbacks,
we are astonished by the insight into details and the co-ordinating
faculty which enabled this Italian to draw so discriminating and
animated a portrait of the Germans for the benef t of his republic.

' The same great qualities are noticeable in his Ritralti delle Cose
di Francia, which he drew up after an embassy to Louis XII. at
Blois in 1510. These notes upon the French race are more scattered
than the report on German affairs. But they reveal no less acumen
combined with imaginative penetration into the very essence of
national existence. He points out that the special strength of
France lies in her centralization. The monarch is surrounded by
obedient feudal vassals, the most powerful of whom are of the royal
blood. They in their turn draw their wealth from the people.
Feudalism, an element of discord in Germany, has been converted
into monarchy, and become the cohesive bond of society in France.
On the other hand, this centralization contains a grave element of

danger for the future of France. The people are ground down and
have no liberty. Machiavelli points out how, in these circum-
stances, the pith of the French army is its chivalry, and wliy the
king is always obliged to hire German and Swiss infantry for his
wars. The Ritratli abound in pointed observations upon the
French character which is well contrasted with that of the Spaniards.
But what constitutes the originality of this tract is Machiavelli's
determination to realize to himself and to his readers the political

value of the French people as a whole, and thus to form a solid

basis for judging of its probable behaviour in the future. In this

case, as in the case of Germany, he attempts to estimate the
physical, moral, and intellectual capacity of an antagonist with
whom his country has to grapple. It may be said that, with France
as with Germany, he wholly omits the possibilities of religious

perturbation.

"WTiile engaged upon this topic, it-maybe well to mention that
Machiavelli displayed exactly the same force of analysis in laying
bare the central causes of weakness in Italy itself. The disarma-
ment of the population by selfish despots and indolent republics

;

the consequent growth of a vicious mercenary system; the dis-

memberment of the nation into petty, mutually jealous parcels,

due for the most part to the selfishness of Rome; the loss of antique
sobriety in manners, and the almost total corruption of the peopl-;,

fostered and encouraged by their debauched spiritual leaders,—these,

he says, are the causes which have made Italy "more enslaved
than the Hebrews, more downtrodden than the Persians, more
disunited than the Athenians." This is not the place to discuss

his policy for the Italians. Suffice it to say that the same method
which he applied to Germany and France supplied him with
general conclusions about Italy, and enabled him to view with a

truly terrible clairvoyance that desperate disease of his country

for which he afterwards invented remedies as desperate.

Machiavelli returned from Germany in June 1508. The
rest of that year and a large part of 1509 were spent in

the affairs of the militia and the war of Pisa. Chieflr
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ItirougU* his exertions the war was terminated by the

surrender of Pisa in June 1509. Meanwhile the league

of Ciiuibray had disturbed the peace of Italy, and Florence

found herself in a perilous position between Spain and

France. Soderini's Government grew weaker. The
Medicean party lifted up its head. To the league of

Cambray succeeded the Lega Santa. The battle of

llavenna was fought, and the French retired from Italy.

The Florentines had been spectators rather than actors in

these great events. But they were now destined to feel

the full effects of them. The cardinal Giovanni do' Medici,

who was present at the battle of Kavenna, brought a

Spanish army into Tuscany. Prato was sacked in the

August of 1512. Florence, in extreme terror, deposed the

gonfalonier, and opened her gates to the princes of the

house of Medic"

The Government on which Machiavelli depended had
fallen, never to rise again.. The national militia in which

he placed unbounded confidence had proved inefficient to

protect Florence in the hour of need. He was surrounded

by political and personal enemies, who regarded him with

jealousy as the ex-gonfalonier's right hand man. Yet at first

it appears that he still hoped to retain his cttice. Ho
showed no repugnance to a change of masters, and began

to make overtures to the Medici. The Novo della Milizia

were, however, dissolved; and on November 7, 1512,

Machiavelli was deprived of his appointments. He was

exiled from Florence and confined to the dominion for one

year, and on November 17 was further prohibited from

setting foot in the Palazzo Pubblico. Euin Btared him in

the face ; and, to make matters worse, he was implicated

in the eonspifacy of Pier Paolo Boscoli in February 1513.

Macliiavelli had- taken no share in that feeble attempt

agaiiisc the Medici, but his name was found upon a

memorandum dropped by BoscolL This was enough to

ensure his imprisonment. He was racked, and only

released upon Giovanni de' Medici's election to the papacy

in March 1513. When he left his dungeon, he retired to

a farm near San Casciano, and faced the fact that his

political career was at an end.

Machiavelli now entered upon a period of life to which

we owe the great works that have rendered his name
immortal But it was one -of prolonged disappointment

and annoyance. He had not accustomed himself to

economical living ; and, when the emoluments of his office

were withdrawn, he had but barely enough to support his

family. The previous years of his manhood had been

spent in continual activity. Much as he enjoyed the study

of the Latin and Italian classics, literature was not his

business ; nor had he looked on writing as more than an

occasional amusement. He was now driven in upon his

books for the employment of a restless temperament ; and
to this irksomeness of enforced leisure may be ascribed the

production of the Principe, the Discorsi, the Arte della

Guerra, the comedies, and the Sloria Fiorendna. The
uneasiness of Machiavelli's mind in the first years of this

retirement is brought before us by his private correspond-

ence. The letters with Vettori paint a man of vigorous

intellect and feverioh activity, dividing his time between
studies and vulgar dissipations, seeking at one time distrac-

tion in low intrigues and wanton company, at another turni ng

to the great minds of antiquity for solace. It is not easy for

a modern gentleman to understand the spirit in which the

author of the Principe sat down to exchange obscenities with

the author of the Sommario della Sloria d'Italia. Nor can

it be urged that Machiavelli plunged into dissipation at this

crisis to escape from care, or that he penned filth because

he had no other occupation for his thoughts. From the

camp of Borgia in 1502, when his mind was on the stretch,

and he was watching history in the making, he had written

similar trash to his acquaintances at home. At the same
time this coarseness of taste did not blunt his intellectual

sagacity. His letters on public affairs in Italy and Europe,

especially those which he meant Vettori to communicate to

the Medici at Rome, are marked by extraordinary fineness

of perception, combined, as usual in his case, with philo-

sophical breadth. In retirement at his villa near

Percussina, a hamlet of San "Casciano, Machiavelli com-

pleted the Principe before the end of 1513. This famous

book is an analysis of the methods whereby an ambitious

man may rise to sovereign power. It appears to have

grown out of another scarcely less celebrated work, upon
which Machiavelli had been engaged before he took the

Principe in hand, and which he did nof; finish until some

time afterwards. This second treatise is the Discorsi sid

prima lihro delle Deche di Tito Livio, which will henceforth

be mentioned in this article as the Discorsi.

Cast in the form of comments on tlie liistory of I.ivy, the Discord

are really an inquiry into the genesis and maintenance of states,

—

liow states come into being, prosper, and decliue^iui v;liut forms

they can be modelled and maintained. The Principe -s an oflslioot

from the main tlieme of the Discorsi, setting forth ilachiavelli's

views at largo and in detail upon the nature of principalities, the

method of cementing them, and the qualities of a successful

autocrat. Being more limited in subject and more independent as

a work of literary art, this essay detaclies itself from the main body

of the Discorsi, and lias attracted far more attention. We feel that

the Principe is inspired with greater fervency, as though its authoi

had more than a speculative aim in view, and brought it forth to

serve a special crisis. The moment of its composition was indeed

decisive. Machiavelli judged the case of Italy so desperate that

salvation could only be expected from the intervention of a power-

ful despot. The unification of Italy in a state protected by a

national army was the cherished dream of his life ; and the

peroration of the Principe shows that he meant this treatise to have

a direct bearing on the problem. We must be careful, however,

not to fall into the error of supposing that he wrote it with the

solo object of meeting an occasional emergency. Together with

the Discorsi, the Principe contains the speculative fruits of his

experience and observation combined with his deductions from

Roman history. The two works form one coherent body of opinion,

not systematically expressed, it is true, but based on the same

principles, involving the same conclusions, and directed to the same

pliilosophical end. That end is the analysis of the conception of

the state, studied under two main types, republican and monarchical.

Up to the date of Machiavelli, modern political philosophy had

alw.-iys presupposed an ideal. Mcdia;val speculation took the church

and the empire for granted, as divinely appointed institutions,

under which the nations of the earth must flourish for the space of

man's probation on this planet. Thinkers ditfered only as Cuelfs

and Ghibellines, as leaning on the one side to pajial on the other

to imperial supremacy. In the revival of learning, scholarship

supplanted scholasticism, and the old ways of niedixval thinking

were forgotten. But no substantial philosophy of any kind emerged

from humanism ; the political lucubrations of the scholars were,

like their ethical treatises, for the most part rhetorical. Still the

humanists effected a delivery of the intellect from what had become

the bondage of obsolete ideas, and created a new medium for the specu-

lative faculty. Society in Kiirope had outgrown the conditions of

the Middle Ages, and this new humanistic atmosphere corresponded

to the new phase upon which the modern nations were entering.

Simultaneously with the revival, Italy had passed into that stage

of her existence which has been called the age of despots. The

yoke of the empire had been shaken off. The church had taken

rank among Italian tyrannies. The peninsula was, roughly speak-

ing, divided into principalities and sovereign cities, each of which

ch^imed autocratic jurisdiction. These separate despotisms owned

no common social tie, were founded on no common jus or right,

but were connected in a network of conllicting interests and change-

ful diplomatic combinations. A keen and positive political intelli-

gence emerged in the Italian race. The reports of Venetian and

llorcntino ambassadors at this epoch contain the first germs of an

attempt to study politics from the point of view of science. At

this moment JIachiavelli intervenes. He was conscious of the

change which had come over Italy and. Europe. He was aware

that the old strongholds of medieval thought must be abandoned,

and that the decaying ruins of mediieval institutions furnished

no basis for the erection of solid political edifices. He felt the

corruption of his country, and sought to bring the world back to a

lively sense of the necessity for reformation. His originality con-

sists in having extended the positive intelligence of his century

from the sphere of contemporary politics and special interasts t«



150 MACHIAVELLI
man at large regarded as a political being. He founded the science

of politics for the modern world, by concentrating tliouglit upon
its fundamental principles. Mucli that is unnatural in the forced

severance of politics from ethics, much that we know now to be

untrue in the conception of national development, much that

offends our moral sense in the justification of iniquity for public

ends, much that the experience of the last three centurits has

shown to be mistaken in the theory of the state considered as a

work of plastic art, much that belongs to the Renaissance, and
has perished with that period of transition, much that is wrongly

applied from the experience of Italian diplomacy to politics in

general, can bo noted by the students of Machiavelli. We feel the

Avant in him of a thorough philosophical education, the continual

oscillation between specnlative and practical points of view, the lack

of system and the negligence of stringent definition. We surmise

that, had he studied Plato's Scpublic or the first chapters of

Aristotle's Politics and Ethics, he might perhaps have avoided

what has been the stumbling-block to generous readers—his indiffer-

ence to moral righteousness as indispensable to states no less than
individuals. AVe regret his unqualified inculcation of the doctrine

that means are justified by ends,—a doctrine rendered odious by
Jesuitry to the modern mind, and incompatible Avith any sound
science of humanity. We know that ethics cannot be severed, as he

severed them, from politics; that, though uational differs from private

duty, both are based upon the same immutable principles ; that the

former tends, with the growth of the race, to approach ever more
nearly to the former ; and that it is the function of the political

philosopher to keep this steadily in Wew. We have learned to

regard nations, not merely as materials to be moulded by a law-

giver, but as total organisms, which, however modified by men of

genius, obey their own laws of evolution. We have outgrown his

admiration of antiquity, and do not believe that modern states

should seek to model themselves upon the type of Rome. We
perceive that his ideal of a prince, working by force, fraud, cru'elty,

dissimulation to a certain end, was the creature of .circumstances,

which caused him to advocate the opposition of violence to anarchy

as the only possible resort. These are deductions to be made from
Machiavelli's teaching, regarded as final, or as instructive for the

times in which we live. But, when we have made these deductions,

there remains the fact of his achievement. Ho began to study

men, not according to some preconception, but as he found them,

—

men, not in the isolation of one century, but as a whole in history.

He drew his conclusions from the nature of mankind itself,
'
' ascribing all things to natural causes or to forttine. " In this way
he restored the right method of study, a method which had been
neglected since the days of Aristotle. He formed a conception cf

the modern state, which marked the close of the Middle Ages, and
anticipated the next phase of European development His prince,-

abating those points which are purely Italian or strongly tinctured

with the author's personal peculiarities, prefigured the monarchs
of the leth and 17th centuries, the monarchs whose motto
was L'ilat c'cst moi I His doctrine of a national militia fore-

shadowed the system which has given strength in arms to France

and Germany. His insight into the causes of Italian decadence

was complete ; and the remedies which he suggested, in the

perorations of the Principe and the Arte delta Gucrra, have since

been applied in the unification of Italy. Lastly, when we once have

freert ourselves from the antipathy engendered by his severance of

ethics from the field of politics, when we have once made proper

allowance for his peculiar use of phrases like "frodi onorevoli" or

"scelleratezze gloriose," nothing is left but admiration for his mental
attitude. That is the attitude of a patriot, who saw with open eyes

the ruin of his country, who burned above all things to save Italy

and set her in her place among the powerful nations, who held the

duty of self-sacrifice in the most absolute sense, whose very limita-

tions and mistakes were due to an absorbing passion for the state

he dreamed might be reconstituted. It was Machiavelli's intense

preoccupation with this problem—what a state is and how to found
one in existing circumstances—which caused the many riddles of

his speculative writings. Dazzled, as it were, with the brilliancy

of his own discovery, concentrated in attention on iLc one necessity

for organizing a powerful coherent nation, he forgot that men are

mora than political beings. He neglected religion, or regarded it

as part of the state machinery. He was by no means indifferent to

private virtue, which indeed he judged the basis of all healthy
national existence ; but in the realm of politics he postponed morals
to political expediency. He held that the people, as distinguished

from the nobles and the clergy, were the pith and fibre of nations ;

yet this same people had to become wax. in the hands of the politi-

cian,—their commerceiand their comforb, the arts which give a

dignity to life and the pleasures which make life liveable,

neglected,—their very liberty subordinated to the one tyrannical

conception. To this point the segregation of politics from every

other factor which goes to constitute humanity had brought
him ; and this it is which makes us feel his world a wilderness,

devoid of atmosphere and vegetation. Yet some such iso'jtion of

the subject-matter of this science was demanded at the moment of

its birth, just as political economy, when first started, had to make
a rigid severance of wealth from other units. It is only by a
gradual process that social science in its whole complexity can bo
evolved. We have hardly yet discovered that political economy
has unavoidable points of contact with ethics.

From the foregoing criticism it will be perceived that an tlie

questions whether Jlachiavelli meant to corrupt or to instruct the
world, to fortify the hands of tyrants or to lead them to their ruin,

are now obsolete. He was a man of science—one who by the
vigorous study of his subject-matter sought from that subject-
matter itself to deduce laws. The difficulty which remains iu
judging him is a difficulty of statement, valuation, allowance.
How much shall we allow for his position in Renaissance Italy, for

the corruption in the midst of which ho lived, for his own personal
temperament ? How shall we state his point of departure from
the Middle Ages, his sj-mpathy with prevalent classical enthu-
siasms, his divination of a new period ? How shall we estimate
the permanent worth sf his method, the residuum of value in his

maxims ?

After finisning the Principe, Mn.chiaVelli thought ot

dedicating it to one of the Medicean princes, with the

avowed hope that he might thereby regain their favour

and find public employment. He wrote to Vettori on tlio

subject, and Giuliano de' Medici, duke of Nemours, seemed
to him the proper person. The choice was reasonable.

No sooner had Leo beeti made pope than he formed
schemes for the aggrandizement of his family. Giuliano

was offered and refused the duchy of Urbino. Later on,

Leo designed for him a duchy in Emilia, to be cemented
out of Parma, Piacenza, Eeggio, and Modena. Supported

by the power of the papacy, with the goodwill of Florence

to back him, Giuliano would have found himself in a

position somewhat better than that of Cesare Borgia ; and
the Borgia's creation of the duchy of Romagna might have

served as his model Machiavelli therefore was justified

in feeling that here was an opportunity for putting his

cherished schemes in practice, and that a prince with such

alliances might even advance to the grand end of the uni-

fication of Italy. Giuliano, however, died in 1506. Then
Machiavelli turned his thoughts towards Lorenzo, duke of

Urbino. The choice of this man as a possible Italian

liberator reminds us of the choice of Don Micheletto as

general of the Florentine militia- To Lorenzo the Principe

was dedicated, but without result. The Medici, as yet at

all events, could not employ Machiavelli, and had not in

themselves the stuil to found Italian kingdoms.

Machiavelli, meanwhile, was reading his Discord to a

select aadience in the Eucellai gardens, fanning that

republican enthusiasm which never lay long dormant

among the Florentines. Towards the year 1519' both Leo
X. and his cousin the cardinal Giulio de' Medici were

much perplexed about the management of the republic.

It seemed necessary, if possible, in the gradual extinc-

tion of their family, to give the city at least a semblance

of self-government. They applied to several celebrated

politiciahs, among others to Machiavelli, for advice in the

emergency. The result was his Discorso sopra il Eiformar

lo Stato di Firenze, a treatise in which he deduces practical

conclusions from the past history and present temper of the

city, blending these with his favourite principles of govern-

ment in general. He earnestly admonishes Leo, for his

own sake and for Florence, to found a permanent and free

state system for the republic, reminding him in terms of

noble eloquence how splendid is the glory of the man who
shall confer such benefits'upon a people. The year 1520

saw the composition of I sette Libri delP Arte di Guerra,

and of the Vita di Castruccio.

The first of these is a methodical treatise, setting forth

Machiavelli's views on military matters, digesting his theories

respecting the superiority of national troops, the inetficiency of

fortresses, the necessity of relying upon infantrj' in war, and the

comp-irative insignificance of artillery. It is strongly coloured with

his enthusiasm for ancient Rome ; and specially upon the topic of

artillery it displays a want of insight into the actualities of modem
warfare. We may regard it as a supplement or appendix to the
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Vrincipe niul tlic Discorsi, since Jlachiavelli licM it for a funda-
mental axiom tliat states arc powcilcss unless completely arnicii in

permanence. The peroration contains a noble appeal to the Italian

liberator of his dreams, and a parallel from Macedonian history,

Ahich, read bv the light of this century, sounds like a propliccy of

Piedmont.
Tlie Fita di Castruccio was composed at Lucca, whitliei;

JIachiavelli had been .sent on a mission. This so-called biograpliy

of the media;val adventurer who raised himself by iiersonal ability

and military skill to tlio tyranny of several Tuscan cities must be
regarded in the light of an historical romance. Dealing freely witli

the outline of Castruccio's career, as he had preyiously dealt with
Ccsaro Borgia, he sketched his own ideal of the successful prince.

Cesare Borgia had entered into the Principe as a representative figure

rather than an actual personage ; so now conversely the theories of

tlio Principe assumed the outward form and semblance of Castruccio.

In each case history is blent witli speculation in nearly, the same
proportions. But Castruccio, being farther from the writer's own
experience, bears weaker traits of pnrsonality.

Intlic same year, 1520, Maehiaveiil, at the instance of the cardinal

Oiuliodo' Medici, received commission fromtheollicei-sof the Studio

Pubblico to write a history of Florenco. They agreed to pay him
an annual allowance of 100 florins wliile engaged upon the work.
Tlic next si.f years were partly ecriplo-ycd in its composition, and
ho left a portion of it finished, with a dedication co Clement VII.,

when he ilied in 1527. In tlv3 Isturic Fiorcnlinc Machiavelli quitted

the field of political speculation for that of history. But, having
already written the Discorsi and the Principe, he carried with him to

this new task of historiography the habit of mind proper to political

pliilosophy. In his hands the hir.tory of Florence became a text

on which at fitting seasons to deliver lessons in the science he ini-

tiated. This gives the work its sp'cial character. It is not so much
a chronicle of Florentine allairs, :'rom the commencement of modern
history to the death of Lorenzo 'Ik Medici in 1492, as a critique of

that chronicle from the poiut of view adopted by Machiavelli in his

former writings. Having condensed his doctrines in the Principe

and the Discorsi, he applies their abstract principles to the example
of the Florentine republic. II;s favourite topics reappear—the

dismemberment of Italy by tlie papacy (bk i. 9, 23) ; the ruin

of her national militia (bk. i. 34, 38; bk. v. 1; bk. vi. 1);
the enervation of her commonwealths by commerce (bk. i. 39

;

Ijk. ii. 42) ; her corrupt morality (bk. iii. 1) ; the reference of

Italian circumstances to, Koman precedents (bk. iii. 1 ) ; the

theory of the intcrvenicnt " nomothetes" in states (bk. iv. 1) ; and
the theory of human vicissitudes (bk. v. 1). This gives to his

liistory a deductive and illustrative quality which men of less

imagiuativo mind, like Guiceiardini, or the exact students of our
own days may criticize. But tl:c History of Florence is not a mere
political pamphlet. It is thf. first example in Italian literature of

a national biography, the first attempt in any literature to trace the

vicissitudes of a people's life in their logical sequence, deducing
each successive phase from passions or necessities inherent in pre-

ceding circumstances, reasoning upon them from general principles,

and inferring corollaries for tho conduct of the future. In his

proccmium Machiavelli taxer- Voggio and Lionardo Bruni wifh
having neglected civic affairs for the record of wars and alliance's.

It is to tho analysis of the republic's inner life that he directs

attention, showing how her acts -.^ere the phenomena of this organic

force. At the same time he does not omit the narrative of external

events, but places tlie portrait of Florence in the centre of an
animated group of pictures dviiwu from Italian history. Approach-
ing his own times, he enlarges m\ the part played by the Jlcdiei;

for it was one of tho conditions of the task imposed on him that ho
should celebrate tho ancestors of Giulio. This portion of the work
is executed in no sernle spirit, and tho subsequent destiny of

Florenco fully justified tho prominence hero given to the elder

Cosimo and Loi'cnzo. In jjoint of form tho Florentine History is

modelled upon Livy. In contains speeches in the antique manner,
Avhich may be taken as partly embodying the author's commentary
iipon situations of importance, partly as expressing wliat he thought
dramatically appropriate to prominent personages. The style of
tho whole book is nervous, vivid, free from artifice and rhetoric,

obeying tho writer's thought with absolute plasticity. Machiavelli
had formed for himself a prose style, equalled by no one but by
Ouicciardini in liis minor worlcs, which was far removed from tho

emptiness of tlic Latinizing humanists and the trivialities of tho

Italian purists. AVords in his li.ands \\3xa the substance, the self-

evidence of things. It is an athlete's style, all bone and sinew,

nude, without superfluous flesh or ornament.

It would seem that from the date ot Macliiavelli's dis-

course to Leo on the government of Florence tho Medici

had taken him into consideration. Writing to Vettori in

l.">13, he had expressed his eager wish to " roll stones" in

Uieir service ; and this desire was now gratified. In 1521

\<i was aent to Carpi to transact a petty matter with the

chapter of the Franciscans, the chief known result of tho

embassy being a burlesque correspondence with Francesco

Guiceiardini. Four years later, in 1525, he received

a rather more important mission to Venice. But
Machiavelli's public career was virtually closed ; and tho

interest of his biography still centres in his literary work.

We have seen that already, in 1504, he had been engaged
upon a comedy in the manner of Aristophanes, which is

now unfortunately lost. A translation of the Andria, and

three original comedies from his pen are extant, the precise

dates of which are uncertain, though the greatest of them
was first printed at Rome in 1524. This is the

Mandragola, which may bo justly called the ripest and

most powerful single play in the Italian language.

The plot is both improbable and unpleasing. But, having granted

this, literary criticism is merged in admiration of the wit, tho

humour, the vivacity, tho satire of a piece which brings before us

tho old life of Florenco in a succession of brilliant scenes.

It Machiavelli liad any moral object when he composed thd

Mandragola, it was to paint in glaring colours the corruption o(

Italian society. It shows how a bold and plausible adventurcrj

aided by the profligacy of a parasite, the avarice and hypocrisy of

a confessor, and a mother's complaisant familiarity with vice,

achieves tlie triumph of making a gulled husband bring his own
.unwilling but too yielding wife to shame. The whole comedy is

a study of stupidity and baseness acted on by roguery.
_
About th^

power with which this picture of domestic immorality is presented

there can be no question. But the perusal of the piece obliges uS

to ask ourselves whether tho author s radical conception of human
nature was not false. The same suspicion is forced upon us by th^

Principe. Did not Machiavelli leave good habit, as an essential

ingredient of character, out of account ? Men are not such absoluto

fools as Nicia, nor such compliant catspaws as Ligurio and

Timoteo ; women are not such weak instruments as Sostrata and
Lucrezia. Somewhere, in actual life, the stress of craft and courage

acting on the springs of human vice and weakness fails, unless the

hero of the comedy or tragedy, Callimaco or Ce.sare, allows for tho

revolt of healthier instincts. Machiavelli does not seem to hava

calculated the force of this recoil. He speculates a world in which

Virtii, unscrupulous strength of character, shall deal successfully

with frailty. This, wo submit, was a deep-seated error in his theoi^

of life, an error to which may bo ascribed tho numerous stumbling-

blocks and rocks of offence in his more serious writings.

Some time after the Mandragola, he cotnjiosed a second comedy,

entitled Clizia, a portion of the plot of which is borrowed from tho

Casina. Though modelled on the art of Piautus, the Clizia is even

homelier and closer to the life of Florence than its predecessor. It

contains incomparable studies of the Florentine housewife and her

hus'band, a grave business-like citizen, who falls into tho senile folly

of a base intrigue. The device by wliieh Nieomaco is brought back

to a sense of duty is presented in scenes of solid humour which recall

the manner ot Ben Jonson. On the whole, tho C/i'^'a is a pleasanter

and wholesomer play than the Mandragola. It served as model to

a school of later playwrights. There remains a short piece without

title, the Commcdia'in Prosa, which, if it be Machiavelli's, as inter-

nal evidence of stylo sufficiently argues, might he accepted as a study

for both the C/fci'a and tho Mandragola. It seems written to ex-

pose the corruption of domestic life in Florence, and especially to

satirize the friars in their familiar port of go-betweens, tame cats,-

confessors, and adulterers. The Fra Alberigo of this comedy is a

vigorous piece of realistic portraiture, anticipating, if not surpass-

ing, the Fra Timoteo of the Mandragola.

Of JIachiavelli's minor poems, sonnets, capitoli, and carnival

songs, there is not much to say. Bowerful as a comic playwright,

he was not a poet in the proper sense of the term. The little novel

of Belfagor claims a passing word, if only because of its celebrity.

It is a' good-humoured satire vi|>on marriage, the devil being forced

to admit that hell itself is prclerablo to his wife's company. That

Machiavelli invented it to express the irritation of his own domestic

life is a myth without foundation. Tho story has a media:val

origin, and it was almost simultaneously treated in Italian by

Machiavelli, Straparola, and Giovanni Brevio.

In the spring of 1526 Machiavelli was employed by

Clement VII. to inspect the fortifications of Florence.

Ho presented a report upon the subject, and in tha

summer of the same year received orders to attetid

Francesco Guiceiardini, tho pope's commissary of war in

Lombardy. Guiceiardini sent him in August to Cremona,

to transact business with the Venetian provvcditori. Later

on in the autumn we find him once more with Guiceiardini

at Bologna. Thus the two great Italian historians of tho
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16tli century, who had been friends for several years, w-ere

brought into relations of close intimacy. It would be

interesting to know the topics of their conversation, and
to possess some fragments of the debates they undoubtedly

held upon the grave affairs of Italy at this decisive

juncture. In the next year Rome was destined to be saclied

by an imperial army. Florence was to rise in rebellion

ngainst the Medici. Four years later Charles V. was to

lay the iron hand of Spain upon the remnants of Italian

liberty. But nothing survives of Machiavelli's and
Guicciardini'a discourse. We can only form an opinion of

what it must have been from the commentaries written by
the latter en the political philosophy of Machiavelli—com-

mentaries which sufficiently explain the different methods
of the two great thinkers. Guicciardini, more positive even

than Machiavelli in his criticism, averse to theory, satisfied

with a policy of public temporizing and expediency, ac-

cepting Italian decadence with the tranquillity of egotism,

looked on Machiavelli as a dreamer. " Nothing," he says,

" can cure the diseases of our century but the knife of

L5'curgus, and the knife of Lycurgus may not be expected."

Machiavelli was always hoping against hope that this knife

in the hands of some superior Cesare might still be used.

Guicciardini, as events proved, had taken a sounder view

of the situation ; or rather it was men like Guicciardini

who made the situation. Machiavelli to the last remained

a patriot, with darkly bright impracticable visions in his

brain.

After another visit to Guicciardini in the spring of 1527,

Machiavelli was sent by him to Civita Vecchia. It seemed

that he was destined to be associated in the papal service

with Clement's viceroy, and that a hew period of diplomatic

employment was opening for him. IBut soon after his

return to Florence he fell ill. His son Piero said that he

took medicine on the 20th of June which disagreed with

liim ; and on the 22d he died, having received the last

offices of the church. There is no foundation for the legend

that he expired with profane sarcasms upon his lips. Yet
we need not run into the opposite extreme, and try to fancy

that Machiavelli, who had professed paganism in his life,

proved himself a believing Christian on his death-bed.

That he left an unfavourable opinion among his fellow-

citizens is very decidedly recorded by the historian Varchi.

The Principe, it seems, had already begun to prejudice the

world against him ; and we can readily believe what
Varchi sententiously observes, that "it would have been

better for him if nature had given him either a less power-

ful intellect or a mind of a more genial temper." There
is in truth a something crude, unsympathetic, cynical in

his mental attitude toward human nature, for which, even

after the lapse of more than three centuries, we find it

difficult to make allowance. The force of his intellect

renders this want of geniality repulsive. We cannot help

objecting that one who was so powerful could have been
kindlier and sounder if he willed. We therefore do him
the injustice of mistaking his infirmity for perversity. He
was colour-blind to commonplace morality; and we are

angry with him because he merged the hues of ethics in

one g) ey monotor" of politics. In person Machiavelli was of

middle height, black-haired, with rather a small head, very

bright eyes, and slightly aquiline nose. His thin close lips

often broke into a smile of sarcasm. His activity was
almost feverish. AVhen unemployed in work or study, he
was not averse to the society of boon companions, gave
himself readily to transient amours, and corresponded in

^ tone of cynical bad taste. At the same time he lived on
terms of intimacy with worthy men. Varchi says of him
that " in his conversation he was pleasant, obliging to his

intimates, the friend of virtuous persons." Those who
care to understand the contradictions of which such a

eharacter was capable should study his correspondence
with Vettori. It would be unfair to charge what is re-

pulsive in their letters wholly on the habits of the times;
for wide familiarity with the published correspondence of
similar men at the same epoch brings ono acquainted with
little that is so disagreeable.

For complete editions of Jlachiavelli's works, that of Italin,
8 vols., 1S13, and the more comprehensive by Usigli, Florence,
1853, may be cited. The best biography is by Professor Pastinalo
Villari, 3 vols., Florence, 1877-82. This work contains a copious
critique of all the most important studies which have been made of
Machiavelli's works. An English translation of this life, finisheJ by
JIadame Villari under the guidance of Professor Villari, is being
published. (j. a. S.)

MACHINE TOOLS. The very small degree of anti-

quity to which machine tools can lay claim appears forcibly

in the sparse records of the state of the mechanical crafts

a century ago. A few tools of a rude kind, such as tilt-

hammers, and a few special ones which aimed at accuracy,

but were of very limited application, such as " mills " for

boring cannon, or "engines" for cutting the teeth of clock
wheels, were almost their only representatives. Machine
tools of the modern type indeed would not then have been
likely to have found much favour even if they had been
invented, owing to the difficulty of providing sufficient

power for driving them, except in the comparatively few
positions where water-power was available. The transmis-

sion of power was unthought of, except for the very
limited distances which were possible with the ill-fitted

" gudgeons " and " lanterns and trundles " of the old mill-

wrights.

The steam-engine, however, changed all this. On the
one hand the hitherto unheard-of accuracy of fit required

by its working parts created a demand for tools of increased

power and precision, and on the other it rendered the use

of such tools possible in almost any situation. Thus, acting

and reacting on each other, machine tools and steam-engines

have grown side by side, till our workshops have become
peopled with a race of giants, capable of uncomplainingly

performing tasks altogether beyond the powers of the easily

wearied hands which have brought them into existence.

But the first steps in the process were costly and difficult

to a degree which it is not now easy to realize. James
Watt, for instance, in 1769, was fain to be content with a

cylinder for his " fire-engine " of which, though it was but

1 8 inches in the bore, the diameter' in one place exceeded

that at another by about | ('375) o£ an inch; its piston

was not unnaturally leaky, though he packed it with

"paper, cork, putty, pasteboard, and, old hat." In the

bore of a cylinder of 120 inches there would not now be

admitted an error of y^ of an inch, and the leakage past

the piston is practically nil. Even this must by no means

be taken to represent the extreme limit attainable in respect

of size and accuracy.

Machine tools present so many points of difference that

no classification of them will be attempted beyond a broad

division into general and special tools,—those included

under the latter head being such as are intended to perform

repeatedly one single operation (or one of a small number

of varieties of that operation), or are mainly employed in

particular processes or manufactures.

As an instance of special tools working successively m
a series,—which is-a frequent arrangement with special

tools,—the Mock machinery, for making ships' blocks at

Portsmouth dockyard, may be mentioned. Erected io

1807 by Mr H. ]Sl3udslay from designs by Mr (afterwards

Sir Marc) Brunei, on the recommendation of Sir S.

Bentham, it enabled ten men to do in a superior mannet

work which previously required one hundred and ten, and

effected in the annual expenditure of the nation a saving

of about £24,000. Into the particulars of the beautifully
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irranged sawing,' mortising, shaping, and other machines

by which this was accomplished we cannot enter, but they

ai» of great interest, not only from their intrinsic merits,

but also as being, if not the very first, certainly superior to

auy^which had previously been used. Our limited space,

however, will be more profitably devoted to giving a few
examples of the general tools used in engineers' work-

shops. I.

""The Steam-Hammer, which in some respects may be re-

garded as the most important of machine tools, has already

beert noticed (see Hammer, vol. xi. p. 425). Second only to

it in importance, and long anterior to it iu date, stands the

JalAe. At what exact point of its development from tho

simple foot lathe it first became entitled to rank as a

machine tool we will not stop to inquire, for tho origin of

this, as of most of the mechanical legacies which have been

handed down to us by successive inventors and impri-vers,

is involved in much obscurity. But as far as tools laying

any claim to precision are concerned it appears certainly to

have been the first to come into existence. On the Con-

tinent, mechanism to be used in conjunction with it for

oval turning, and for producing mouldings oblique to the

axis of the work, had been devised as early as 1569, in

which year one Jacques Besson published drawings of two
lathes so arranged. Whether much additional beauty was
obtained by thus departing from the circular sections pro-

ducible with the simple

lathe, and converting them
into distorted ones, such

as that sketched in fig. 1

(reduced from Besson),

may perhaps be questioned,

but the taste for this Fig. 1.—Swash Work.

"swash" work, as it is called, ere long extended also to

England. Moxon, the first English writer on the subject,

gives a drawing of a very similar lathe, and he men-

tions the name of an established London maker whose

oval engines and swash engines, and all other engines, were
" excellently well made," so they were apparently iu some

demand at the time of his writing (1680).

Screw cutting in the lathe" was another problem—and

a more worthy one—which occupied the attention of

inventors at the same early period. A curious but

mechanically very imperfect arrangement for accomplish-

ing it (with which, however, threads either right ou left

handed could be cut on tapered and oval as well as on

cylindrical work) is given in another of Bcsson's engrav-

ings. In this the tool is entirely supported and its

movements are controlled by the machine instead of being

held in the hand,—an arrangement of which the great

advantage appears to have been but tardily appreciated,

though it contains the germ of the principle which, applied

first in the slide-rest of the lathe, and subsequently in

machine tools of almost every type, has enabled tasks

of constantly increasing severity to be successfully dealt

with.

Nearly two centuries seem to have elapsed before what

w.e now know as the slide-rest became a recognized adjunct

to the turning lathe, though in the meantime arrangements

had been devised for controlling the motion of tho tool by

attaching it to some portion of the mechanism in some

special cases,—as in that of two curious lathes for turning

hyperbolic, spherical, or piano mirrors for optical purposes,

of which engravings wore published at Eome in 1648.

Its first definite appearance iu print occurs in the great

French Encyclopedic, published in 1772. Detail drawings

of an admirable slide-rest are given in one, and evidence

of its being then in regular use occurs in several of the

very interesting engravings of that ponderous work, which

gives so clear an insight into the methods then employed

in France in the various crafts. The description, however,
by no means settles the question of its origin.

It is pretty certain that tho slide-rest was reinvented in

England by the ingenious Henry Maudslay, when he was
employed in Mr Bramah's workshop in London, where
"Maudslay's go-cart" (as it was at one time derisively

called) was first set to work in 1794. That he had not
previously seen the drawings just mentioned cannot of

course be proved, but the high price at which the

Encyclopedie was published makes it very probable that no
copy of it had at that time come under the notice of a hard-

working English mechanic. The intrinsic differences of the

two slide-rests tend towards a similar conclusion. Who-
ever may have been its first inventor, the slide-rest has cer-

tainly proved itself to be the most invaluable of all the

additions made to the turning lathe. Its indispensability

to the modern power-lathe will be readily appreciated from
the following examples.

An engraving of a simple slide-rest for use with a foot

lathe has already been given (see Lathe), and its effect iu

reducing the labour of the turner was then pointed out.

The self-acting slide-rest (fig. 2) carries this reduction still

farther ; and, by deriving from the latho itself the small
" feed " movement ne-

cessary for bringing the

tool to bear on succes-

sive portions of the

work, it dispenses

wholly with the need

for physical exertion

on the part of the work-

man, and does not

even demand his con-

tinuous supervision. ^ „ „,..... „,.:,„,
One result of this is

F.o. 2.-Self..Aotmg Shde-Rest.

that the slide lathe (for so complete is the union between

the slide-rest and the lathe that they must now be re-

garded as one machine) affords a complete solution of the

screw-cutting problem, since, by varying the extent to

which the rest traverses the lathe bed during each revolu-

tion of the mandrel, a screw thread of any desired pitch

can be cut with a single tool.

, In fig. 3, which shows a self-acting screw-cutting Inthi

with double-geared headstock, of a type now well Cbtab.

lished, the arrangements for obtaining and varym/ this

traversing motion may be observed. A steel leading, screa

Fig. 3.—Self-Acting Screw-Cutting Latlie.

runs along tho front of the lathe bed, and with it the elida

rest can be connected at pleasure. Two or more changt

wheels, properly proportioned as to the number of then

teeth, connect the head of the screw with the hindcrend

of the mandrel.

Although a leading screw is not the only nor in all case?

tfie best mode of rendering a lathe self-acting, ordinary

scrow-cutting lathes are very largely used for other pur-

poses than that implied by their name. The advantage ol

perfect regularity in tho feed is very great even for plain

turning, and this can only be secured when it is inde

peiident of human vigilance. The feed in a directir^"
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transverse to the bed is also very commonly rendered

automatic by means into which we cannot here enter,

lathes, so provided being distinguished as self-acting sur-

facing lathes. In this case, however, the varying diameter

of the successive cuts introduces serious oTijections to a

uniform rate of feed. These were remedied as long ago

as 1827 by that excellent mechanician Joseph Clement,

'^who was one of the greatest improvers of the power

lathe ; but his arrangement has never come into general

kise.

To enable a compafatively small lathe to be used for

surfacing work of larger diameter than it would naturally

^dmit, a portion of the bed is frequently made removable

tso as to leave a " gap " close to the fixed headstock. An
C-inch gap lathe, for instance, such as fig. 3, can thus

&dmit an article of 26 inches diameter instead of 16

inches only.

Break, latlies, such as fig. 4, carry the same principle

still farther, so that they can take in work of considerable

lengthcas well as of large diameter,—the treble-geared

headstock and all other parts being in their case made of

sufiicient strength to bear the heavy strains which result

from the increased size and weight of the work, a Quality

FlO. 4.—Self-Actiug Break Lathe.

in which gap lathes are not unfrequeatly deficient. Lathes

of this kind were made by Mr (now Sir Joseph) Whitworth

as long ago as 1840, and the type is still the accepted one

for general heavy turning. The face plates on which large

work is chucked in these lathes axe sometimes as much as

1 5 feet ia diameter.

Face lathes, of which the main duty is surfacing articles

whereof the diameter is great but the length small, are

very similar to the foregoing minus the entire right-hand

portion of the bed and all that it carries. They have
occasionally been made for work of very large diameter,

—

such as turning the roller paths of 40 feet railway turn-

table.?,—though it is now found preferable to turn such

things in a horizontal position, in lathes of which the

mandrels are vertical.

But the point to which the growth of power-lathes has

now attained will be best illustrated by the following

interesting particulars of two which have been quite

recently designed and made in the Eoyal Gun Factories

at Woolwich. Each of these can take in a piece of work
having a maximum diameter of 12 feet and a total length

of 36 'feet,—which represents a truly appalling weight of

metal to have to deal with,—their main dimensions, &c.,

being'

Height of centre of mandrel above the bed 6 ft
Total length of bed 60 „
Length of fixed headstock... 12 „
Diameter of front bearing of mandrel in do. ... 18 in.

Len;;'th of do. do. .... 36,,
Length of leading screw over all 52 ft Sin.
Diameter of do. do 7 in.

SVeight of fixed headstock, about 55 tons
Do. movable do., about IS ,,

Do. slide-rest and saddle, about 151 ,,

Total weight, nearly ; 300" „

In lathes of this enormous size—as in all machine toois

of the heaviest class—great weight and a proper disposal

of it on a thoroughly secure foundation are necessary for

obtaining the rigidity which is a first essential to success.

When, however, this and all other conditions have been

fulfilled, and the tool and the speed have been suitably

adjusted, the operation of paring oflf great shavings from
the revolving mass bocotiies one of such apparent facility

that it is almost difficult for a stranger to believe that it

is not lead or even some yet softer substance, rather than

wrought iron or steel, which is under treatment

It has been found that in heavy turning the besf results

are obtained by taking deep cuts at a low rate of speed,

fast driving bringing no corresponding increase in the

amount of work got through. Various other means, have

therefore been devised for acceleniting operations. Each

of the Woolwich lathes just mentioned is furnished with

two slide-rests, so that two independent cuts can be taken

at once at diflferent parts' of the work. The duplex system

effects the same thing in a different way, two .slide-rests

(one in front and the other at the back of the lathe) being

mounted on one saddle and adjusted simultaneously by a

single right and left handed screw,—a plan which has the

advantage of subjecting the work to two opposite strains

which either whoUy or' partially balance each other. In

some instances both the above advantages are combined

by using two duplex rests at different parts of the bed.

A quick hand traverse is another time-saving arrangement,

now common to almost aU screw cutting lathes. It

enables the slide-rest to be run quickly back from the end
of one cut to the starting point of the next. In turning

up a number of similar articles upon each of which several

different tools have to be used in succession, the time

which would be lost in changing the tools is sometimes

saved by employing a capstan rest, in which the whole

series of tools is so fixed once for all that each in turn can

be brought to bear upon the work without further adiust-

ment.

Three examples of turning tools are given in fig. 5, the

middle one being an ordinary hook fool, suited for outside

work on wrought iron or steel, and the one above it a le/t-

hatid toof vihich can be used also for inside. Their cut-

ting edges are of course forged and ground straighter or

more pointed or otherwise varied ac-

cording to circumstances, and for

cast, iron or brass the angle of the

edge is made much less acute, as

in the lowest of the three in the

engraving. The size of the steel

from which they are made also

varies, 2 inches square being by no
means exceptionally large, so that

the weight of it uselessly employed
in the shanks is very considerable,

and altogether disproportionate to

that required for the cutting edges,

short Bteel cutte;

Fig. 5.—Slide-Best
Tools.

The plan of fixing a
in an iron tool-holder, suggested many

years ago by Mr Babbage (which has already been men
tioned in connexion with foot lathes), has, however, not

found the favour which at first sight might have been
expected for it, in spite of the saving which it effects in

this respect.

For chasing long or coarse-threaded screws the above-

mentioned screw-cutting lathes leave little or nothing i-

be desired. But for producing the large number of

screwed bolts, studs, <fee., now required in mechanical

workshops more rapid methods must be had recourse to,

and special machines for forging, turning, screwing, and
finishing them have accordingly come into common use.

Of these one example only can be given—the sa-ewing
machine, fig. 6—with which the threads of bolts or nuts are
cut to the "standard pitch " which now (.happily) is almost
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universally accepted. Immense loss and inconvenience

were formerly caused by the absence of uniformity in tbis

respect, but, thanks to the persevering manner in which
the efforts of Maudslay and Clement to put an end to this

evil have been followed up by Whitworth, it has now
almost ceased to exist, and any bolt or nut can be sub-

stituted for any other of a like size, however different the

processes by which the two have been manufactured. The
machine (fig. 6) is

in fact a lathe

with a few special

features, such as

the hollow man-
drel, which enables
it to operate upon
a bar of any length.

Dies mounted on
a modified form of

slide-rest cut the

thread to the full
^'°- S-Scre^lKg Macbme.

„

depth at a single traverse, and a simple arrangement enables

nuts to be tapped with equal facility. In some other

varieties of screwing machines, more particularly those in-

tended for hand power only, the outward resemblance to

the turning lathe is less apparent, but if their action is

looked into it will be found that in them as in almost all

machine tools it is the principle of the sUde which is mainly
conducive to their success.

Second only to the lathe in its importance stands the

planing macJune. Just as the slide lathe renders it easy

to turn a cylindrical surface true from end to end, a task

which before its introduction had been one of extreme

difficulty, even for the most highly skilled workman, so

the planing machine supersedes, by a method giving vastly

superior results, the difficult and costly process of hand
chipping and filing, by which flat surfaces of metal were
'ormerly produced. Although it is a comparatively modern
invention, its real origin is obscure. No drawings or

description of any planing machine at all resembling those

now in use were published in England previously to those

of one made by Clement in 1825, which appeared in

the Transactions of the Society of Arts. With this beauti-

ful machine, which was of considerable size, being capable

of admitting articles measuring as much as 6 feet in height

or width, he obtained results which would satisfy all

ordinary requirements at the present day.

The ordinary self-acting planing machine is shown in

Cg. 7. Its actioii boars no resemblance to the familiar

Fio. 7.—Planing Machine.

process of wood planing, but is analogous to that by which

the successive cuts of a narrow tool produce a cylindrical

aurl'ace in ft slide lathe. A traversing table carries the

work and forces it against the tool, which is stationary
while making its cut, but between the cuts has a slight

"feed" motion along its horizontal slide. Perfectly
parallel cuts are thus taken from every portion of the work
in succession, the result being a surface, not indeed per-

fectly smooth and free from scores, but (what is generally
far more important) possessing a general flatness and free-

dom from twist which can be obtained only with a great
expenditure of time and trouble by hand labour. The
extent to which machinery has cheapened work of this

kind will be appreciated from the fact that in 1826 the
cost of rendering a square foot of surface true by hand chip-

ping and filing was 12s., whereas in 1856 it could be done
in the planing machine at a cost of less than one penny.

Planing machines, equally with lathes, are required not
only to give good results but to give them quickly. Pro-
vision is therefore made for regulating the traverse. of the

table to suit the length of the cut, and for utilizing or

accelerating its return journeys. The former is sometimes
done by fixing the tool in a revolving tool-holder or
"jim crow," so that its face can be always turned towards
its cut, and for accomplishing the latter there are various

arrangements which give a " quick return " to the table. It

is also a common practice to use two tools at once, as in

turning. It wUl be observed that the size of the work
which can be treated in a planing machine, such as fig. 7,

is strictly limited by the clear width between the standards,

and the height of the horizontal slide above the table when
at its highest point. Although these dimensions are very

considerable in the larger sizes, which can occasionally take

in articles over 9 feet in width and height and 50 feet in

length, yet it is sometimes desirable to be able to exceed
them, and in these large machines the weight of the table

and the power consumed in driving and reversing it

become a serious consideratioiL It is therefore mechani-

cally preferable to keep the work at rest when it is large

or heavy, and to give all the requisite movements to the

tool This view is now gradually gaining favour, and the

makers of some recent irachines have adopted a form of

construction entirely different from the above, which has

the advantage of enabling cuts either horizontal or vertical

to be taken from any piece of work which can be secured

to the base-plate, so that its full size is almost immaterial

An ordinary vertical drilling machine is represented

in fig. 8, one of comparatively small size and single-

geared having been chosen rather than a larger example

with greater complication. When
once properly started, this

machine is self-acting, but for

each hole the work has to be

adjusted by hand so as to bring

the required portion exactly

under the drill spindle, and the

small size of the table prevents

its being at any great distance

from the edge. These objections

are remedied in larger machines,

either by making the table cap-

able of horizontal adjustment,—

a

good way of doing this being to

pivot a circular table at the end

of an arm which can revolve

round the main standard of the

machine,—or by mounting the

drill spindle on a radial arm, and
enabling its distance from the

standard to be varied. In the first case the tool is then

distinguished as a "pillar " and in the second as a "radial"

drilling machine. Either of these methods enables the

drill to be brought to beur exactly upon the desired spoC

Fio. ^Vertical Drilling

Jlachine.
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I
Fio. 9.—Drills.

(within certain' limits as to distance from tbo edge, &c.),

the first by adjusting the work below the drill, the second

by adjusting the drill over the work. A wall drill dis-

penses with a table altogether, and gives great facilities^

for operating on large pieces of work,

especially if the means of adjustment is

secured, by the radial arm just men-

tioned. 'MiddjAc drilling machines, with

which a series of holes can be drilled

at once, are serviceable tools for some

purposes, mainly on account of the sav-

ing of time which they effect. Three

drills are shown in fig. 9, the first the

old, bad, but not yet quite superseded

pattern, which is incapable of making a

straight or clean hole of any consider-

able depth, and which loses its ori-

ginal diameter both in wear and in

sharpening ; the second the hvist drill, which compares

favourably with it in every one of these respects ; and the

third a pin drill, for enlarging a hole already existing.

Boring machines deal chiefly with apertures of large

diameter, for which great straightness and accuracy are

required, such as the cylinders of pumps, steam-engines,

ic, or the bores of guns. The latter object brought them
very early into existence, as already mentioned, and the

general principle upon which the rude machinery of more
than a century ago bored out the old cast iron mortars is

still used for the powerful weapons of our own day. It

consists in the employment of a boring bar formed by
mounting a series of cutters (or a combination of guides

and cutters) round the periphery of a cylindrical " head "

somewhat less in diameter than the required bore. Fig.

10 will render evident the great similarity which exists

between the oldest

and the most re-

cent gun-boring

heads, the one be- „ „ „ „ „ , •

ing taken from the
Fio.. lO.-Gun-Bonng Heads.

Encyclopedie already referred to, and the other from a draw-

ing of a boring-bar used for a similar purpose at Woolwjch.
The head may be either a fixture at the end of its bar, in

which case it forms a kind of drill with several cutting

edges, or it may be so arranged as to traverse the bar to a
small extent at each revolution,—a plan which is generally

preferred for all open-ended cylinders, &c., and which admits
of the work being kept stationary throughout the operation.

The bar when in use is mounted either vertically or hori-

zontally, according to circumstances, in a lathe or boring
machine. The excellent results obtainable in this

manner will be appreciated from the fact that with the

gun-boring machinery at Woojwich a hole 10 inches in

diameter and 10 feet deep can be bored in solid steel

at a single operation,, and holes have been carried to a
depth of 24 feet with a variation of less than y^ of an
inch in the diameter. The accuracy of modern machine
work indeed not unfrequently brings into prominence
sources of error which were previously unsuspected. The
boring of large cast iron cylinders affords an instance of

this, for it has been found that, however true the boring
tool may be, the distortion of the cylinder itself, through
being laid on its side, is sufficient to mar the results obtained
wi,th it ; consequently it has been found necessary always
to bore a large cylinder in the vertical position which it

will occupy when in use.

In the construction of modem machinery, &c., it is often neces-
Kiry to depart from the simple geometric forms to the production of
which the tools which have thus far occupied our attention are
Liaiuly adapted. AVe will now glance at some of the labour-saving
contrivances applicable to other cases.

The sUt-drill'iia machine cfTccts (by a m.etliod said to have been

Slot Drilling.

first used about the year 1848)the conversion of the circular cavit*
producible with an ordinary drilling machine into an elongated
"slot " or slit. The extent of the
elongation can be varied by in-

creasing or diminishing the re-

ciprocating movement of the slide

which carries the rotating drill.

An example of it is given in fig.

11, and the cutting end of a
roughing drill is shown to an
enlarged scale. Where smooth-
ness of the sunken surface is re-

quired this is followed by a rose or some other fnishing tool.

The slotting inaahine (fig. 12) also cuts grooves aud slots, but
in an entirely different

manner. Those who
are acquainted with the
wood mortising ma-
chine, from which the
idea of this tool was
derived Viy Roberts of

Manchester, will at once
understand its prin-

ciple, and will appre-
ciate the good service

which can be rendered
by this powerful paring
tool. A large propor-

tion of the shaping,

&c., required in heavy
work is now done in

these machines, which
are sometimes of great

size and power. The
table on which the
work is placedispivoted
and mounted on a com-
pound slide, and a self- Fio. 12.—Slotting Machine,

acting horizontal transverse or circulai>movtTOent can thus be giveii

to it.

For work of moderate size shaping machines, which are more of
recent introduction than either slotting or planing machines, both
of which they resemble in their

action, are in some respects more
convenient. The slide which
carries the tool is in their case hori-

zontal, and its short but variable

strokes are in a direction trans-

verse to the bed, along which it

can travel, just as a slide-rest

travels along a lathe bed. Curved
surfaces, either convex or concave,

as well as flat ones, can generally
be worked up automatically in

these machines, one of which is

shown in fig. 13, but their details j

and arrangements vary consider-

ably. For operating upon small
surfaces, especially those of com-
plicated outline, the plan of employing a revolving cutter, re-

sembling a circular file, is now gaining favour. It is interesting

to note that this is but a return to a system which is stated to
have been devised by Dr Hooke in 1664, and
which was certainly used in some of the early

"engines" for cutting the teeth of wheels. One
such cutter or inilling tool is shown in fig. 14.

Others are of a plain cylindrical form, or are I

varied in outline to any extent to suit the'particular

purpose for which they are intended, amongst
which purposes may be mentioned that of cutting

the teeth of other milling tools. When mounted
on a compound slide and used in a milling machine,

a tool oT this kind is a labour-saring contrivance

of a very efficient kind, and it should be observed

that it may in some cases be employed for finishing metal surfaced

possessing a double curvature, to which none of the foregoing

planing or shaping machines could be applied.

Profiling or edge-milling machines are a still more recent appli-

cation of the milling-tool system. They enable the curved or com-
plicated outline of a "previously prepared templet to be reproduced
with certainty any number of times in succession. They are in fact

copying machines, acting in a similar manner to Jordan's carving

machine or Blanchard's copying lathe, in both of which the form

of the copy is derived from the original pattern by causing this

pattern to control the movements of the revolving tool.

'

Another class of machine tools, which has sprung up of late years

and is rapidly extending, is that of emery grinders. One thing.

Fio. 13.—Shaping Machine.^

Fio. 14.—
Milling Tool.
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xi-hich lias given mnch impetus to these is tte now not unfreqnent

-•"Rssity ior turning or shaping steel in a more or less hurd con-

dition, for doing which these and natural grinding-stones are the

onlv substances practically available on a large scale, while the rapid

wear of the latter unfits them for many of the purposes to which the

artificial preparations of emery can be applied with great advantage.

Accordingly emery wheels are now mounted for use in a great

many diHerent ways,—either on slide-rests as turning tools, in

emery planers and
emeryshapingTnachines
(such as fig. 15), and
various others in which
they take the place of

steel cutters, Ou as tool

grinders either general

or special, in which
the rival material, so

far from supplanting
steel, does much to-

ward^ increasing its

efficiency, by enabling
the process of grinding
to be applied to many
cutting tools which
could previously be
sharpened only with
mucngreaterlabourand
cost by other methods.
Saws, grooved rimers

and

Pio. 15.—Emery Shaping Machine.

Irills are familiar instances of this appli-

cation. A high rate of sped is essential for obtaining the full effect

of an emery wheel, half a mile a minute being by no means an
unusual or excessive rate of travel for its cutting surface. A con-

siderable amount of heat is consequently developed at the point of

contact with the worlc, and the composition of the wheel must be
such that it can endure this without injury. Some which could
not fulfil this requirement have long been used by native workmen
in India, but others which could fulfil it were patented in England
in 1842, though for years after this they were but little known or
•'.led.

Punching and shearing machinery holds the same isolated position

amongst machine tools that punches and shears occupy amongst
cutting tools used by hand— if indeed either the one or the other

can be regarded as cutting tools at all. Yet, for performing rapidly
and in many cases without any
waste of material, shears can
often claim superiority to any
"her means available for ac-

complishing the same ends.

The diagram (fig. 16) shows
the old arrangement known as

cropping shears, still in use at

many iron-works, where early

appliances seem to enjoy a
remarkable vitality. An ex-

ample of a self-contained

e/uariiig and ptmchingmackine
is given in fig. 17. The

16. -dropping Shears,
apparent ease with which '^'^ ^

machines of this kind, acting with a slow quiet stroke, shear or

perforate plates of iron, even when of considerable thickness, gives

an altogether false impression of the amount of power which the

operation requires. Arrangements for obviating the difficiilty of

placing the work exactly in the correct position for each one of a
series of holes to be punched in it were devised by llaudslay ; his

plan, which is the one now usually adopted, being to place a

traversing table in front of the machine, from some jiart of^ which
it is moved to a distance depending on the "pitch " of the holes

after each stroke of the punch. Another system, by which the
holes could be arranged in any required pattern, was subsequently
invented by Roberts.

The above examples of workshop tools have been confined to

those to which the requisite power is transmitted from an inde-
pendent steam-engine or some oilier prime mover —the usual mode of

transmission being by lines of shafting carrying pulleys or drums.
Belts pass from these to similar puUcys, which may be observed on
many of the machines in the engravings. But tliis is not tho
invariable method. The prime mover may itself form part of the
marhine, as it does in the case of a steam-hammer. Or steam may
be dispensed with and water confined under a high pressure substi-

tuted,—which constitutes tlie hydraulic system of distribution, now
largely applied to tho working of cranes and many otlior purposes,

and to some extent also to machine tools. Punches and shears lend

themselves readily to this system on account of their slow move-
ments ; 90, too, ao riveting 7nachincs. The distribution of power
U'V hydraulic means, and also by cnninressed air, was patented by
[Mi dramah in 1790. Another formidable rival to steam also haa

now sprung up in the shape of electrieity, and the results frorj it
which are promised to us—and which indeed seem likely to be ob-
tained—will go far towards revolutionizing all our present ideas as
to the difficulty of transmitting power to a distance, and will wodc
a complete transformation in the aspect of the machine tools of the
future.

Flo, 17.—Punching and Shearing Machine.

One other class of machines must be mentioned before conclud-
ing, viz., ineasuring machines. The greatly increased accuracy of

modem work has rendered necessary the recording of very minute
dimensions, such as are quite beyond the measuring powers of ordi-

nary rules and callipers. Difference engines, i.e., machines which
can measure minute differences between two articles—such as a
standard gauge and an intended copy of it—have thus found a place

in engineers works. To their arrangement and manufacture,
as well as to that of standard measuring bars and gauges. Sir

J. Whitworth has paid great attention, and ho has achieved such
success that in his v/orkshop measuring machines a difference of

iTfJuj part of an inch is readily appreciable. At the standards de-

partment of the Board of Trade there is one of these machines,

used for the verification of standard gauges, which reads to the

J j) a'ao

a

of an inch ; and with his most sensitive machines—which,

however, require great care and special precautions in their use

—

the iflotiniii part of an inch can be detected.

The social influence of machine tools we cannot discuss, though it

is a subject upon which the diffasion of correct ideas is greatly

needed. The days of mill-burning and implement-breaking mot^
indeed are past, but the effect of the introduction of the machinery

of which these tools are the parents is one which is still much mis-

understood. More particularly is this the case amongst the hand-
working classes in England, who see clearly the local and temporary

hardships which its introduction occasionally causes, but are blind

to the greatly preponderating advantages which they reap from it

in an especial degree. (C. P. B. S.)

MACKENZIE, Sm Alexander (1755-1&20), a

Canadian explorer, was a native of Inverness. Having

emigrated at an early age to Canada, he was for a number
of years engaged in the fur trade at Fort Chipewyan, on

the north side of the Lake of the Hills, and it was there

that his schemes of travel were formed. His first journey

(3d July to 27th September 1789)—for which he had

prepared himself by a year's study in England of astronomy

and navigation—was from Fort Chipewyan along tho

Great Slave Lake and down the river which now bears his

name to the Frozen Ocean ; and his second (October 1792
to July 1793) from Fort Chipewyaa up the Peace river

across to the Columbia river, and thence westward to the

coast of tho Pacific at Cape Mem'.ies, opposite Queen
Charlotte Islands. The narrative of these expeditions

(Vot/affes through N'orth America to the Frozen and Pacific

Oceans, Dondon, 1801) is of considerable iiirorest from tha
information it contains about the native tribes ; and it is

prefaced by an historical dissertation on the Canadian fut

trade. Mackenzie was rewarded for his diacoveries by the

,

honour of knighthood in 1801.
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MACKENZIE, Sir George (1636-1691 ), of Rosehaugh,

knight, a promineut Scottish lawyer, was the giandson of

Kenueth, first Lord Macjjenzie of Kintail, aud the uephew
of .Colin and George, first and second earls of Seaforth;

his mother was a daughter of Dr Andrew Bruce, principal

of St Leonard's College, St Andrews. Ho was born at

Dundee in 1636, and, having passed through the grammar
school there, was sent at an early age to college at

Aberdeen, and afterwards at St Andrews, graduating at

sixteen. . He then engaged for three years in the study of

the civil law at Bourgcs ; on his return to Scotland he was
called to the bar in 1606, and before the Restoration had
risen into considerable practice. Immediately after the i

Kestoration he was appointed a "justice-depute," and it is .

recorded that he and his colleagues in that ofKce were
]

ordained by the parliament in 1661 " to repair, once in the

week at least, to Musselburgh and Dalkeith, and to try

and judge such persons as are there or thereabouts delate

of witchcraft." In the same year he acted as counsel for

the marquis of Argyll ; soon afterwards he was knighted,

and he represented the county of Eoss during the four

sessions of the parliament which was called in 1669. He
Succeeded Sir John Nisbet as king's advocate in August
1677, and in the discharge of this office became implicated

in all the worst acts of the Scottish administration of

Charles IL, earning for himself an unenviable distinction

as "the bloody Mackenzie." His refusal to concur in the

measures for dispensing with the penal laws against

Catholics led to his removal from office in 1686, but he

was reinstated in February 1688. At the Revolution,

being a member of convention, he was one of the minority

of five in the division on the forfeiture of the crown.

King William was urged to declare him incapacitated for

holding any public office, but refused to accede to the

proposal. 'Wnen the death of Dundee (September 1689)
had finally destroyed the hopes of his party in Scotland,

Mackenzie betook himself to Oxford, where, admitted a

student by a grace passed on June 2, 1690, he was allowed

to spend the rest of bis days in the enjoyment of the ample
fortune he had acquired, and in the prosecution of his

literary labours. One of his last acts before leaving

Edinburgh had been to pronounce (March 15, 16S9), as

dean of the faculty of advocates, the inaugural oration at

the foundation of the Advocates' Library. He died at.

Westminster on May 8, 1691, and was buried in Greyfriars

churchyard, Edinburgh.

While still a young man Sir George Mackenzie appears to have
aspired to eminence in the domain of pure literature, his earliest

publication having been Aretina, or a Serious Sojnatice (anon.,

1660) ; it was followed, iilso anonymously, by Hcligio Stoid, a Short
Discourse, upon several Divine a7id Moral Subjects (1663), A Moral
Essay, preferring Solitude to Pullic Employment (1665), and oiie or

two other disquisitions of a similar nature. None of these earlier

efforts are now read, if they ever were ; and perhaps Mackenzie's
strongest claim to bo remembered at all in connexion with belles

lettres is that which rests upon Drydeu's grateful reminiscence of

some stimulating conversation held with " that noble wit of Scot-

land, Sir George itackenzie," about 1673. (SeeDryden's "Discourse
on the Origin and Progress of Satire," prefixed to his Juvenal in

1693.) His most important legal works are entitled A Discourse
upon the Laws and Customs of Scotland in Matters Criminal (1678),
Observations upon the Laws and Customs ofNations as to Precedency,
with the S'-ieiiee of Heraldry (1680), Institutions of the Law of Scot-

land (1684), and Observations upon the Ads of Parliament (1686);
of these thelast-named is the most important, the Institutions being
completely overshadowed by the eimilar wori: of his great contem-
porary Stair. In liis Jus Hcgiinn : or the Just and Solid Founda-
tions of Monarchy in general, and more especially of the Monarchy
of Scotland, maintained (1684), Mackenzie appears as an uncompro-
Inising advocate of the highest doctrines of prerogative. His
Vindication of the Oovemmcnt of Scotland during the reign of
Charles IL is valuable as a piece of contemporary history. The
"ollected IVorlcs were published at Edinburgh (2 vols. fol. ) in

1716-22 ; and Memoirs of the Affairs of Scotland from the Restora-

'doji of King Charles II. , from previously unpublished MS3., in

1821. It may be well to add that the subject of this notice must
not be confounduJ witli Dr Oeorge Mackenzie, the author of Lives
and Characters of the Moit Eniinont Jf^rilcrs of the Scots Nation
(1708-22).

MACKENZIE, IIenhy (1T45-1831), was born at

Edinburgh in August 17-15. His father was Dr Joshua or
Josiah Jtackcnzie, a successful physician, who also culti-

vated letters in a small way. Mackenzie got the ordinary
education of a youth in his position at the high school and
university of Edinburgh, and was afterwards articled to

Mr Inglis, who was then attorney for the crown in the

management of exchequer afl'airs. To this comfortable
post the author in due time succeeded, and perhaps knew
as little as any of that tribe ever did about the struggles

and sorrows of a literary career. For his work's sake it

would have been better if he had travelled some of life's

rougher paths, or else been content to writo about what he
had actually seen in the Scottish world of that day. There
was plenty of material there if he had had the open eye to

see it, as Walter Scott showed by and by ; and it is a pity

that Mackenzie did not try his hand at it, having been more
in the heart of it than Scott could ever have been. As it

is, his stories are clearly not the fruit of his experience, but
rather the echo of his reading. Ho could write graceful

enough sentences, somewhat artificial, yet smooth and
pointed ; but the men he describes are mere shadows, and
the life altogether unreal. His first and best-known work,

The Man of Ffeliiiy, was published anonymously when ho

was only twenty-six years of age, and soon became highly

popular. It was a droughty season in Scottish literature,

and therefore any little blossom, however sickly, was
welcome for its rarity. Hume and Robertson and Smith

had left the scene ; Burns was just learning to think of

the daisy he turned up with his ploughshare, and Fergussou

had lately closed his brief and troubled career. JIackenzio

had the field all to himself, and got the attention which

is given to a solitary figure. He had read the ti'eiiti-

inental Jouriuy, as one can see from expressions here and
there, as well as from the afifettation of writing his

story in a fragmentary form ; but ho had not a gleam of

Sterne's humour to relieve the sentimentality. He had
read Richardson too, but he had none of that writer's

subtle insight into character. Perhaps Goldsmith was
his real model, but the likeness was as that between a fire-

fly and a star. The "man of feeling" is a weak foolish

creature, possessed with a futile benevolence, who goes up
to London, where his friends should never have let him go,

and meets a variety of sharpers, and comes out of their

hands pretty much as Goldsmith makes the vicar's son do,

only without the fun that clings to poor Moses. For this

book is all in one key, sentimental and lachrymose, and
the hero dies at last, from no particular cause, in a highly

tragic fashi6n beside his fainting mistress. His next

work. The Man of the World, is the picture of a born villain,

a rogue in grain, who begins his rascality at school, perhaps

earlier, and carries it through with entire consistency to

the end. The man is unnaturally bad, and the incidents

are badly unnatural ; and such a book at present would

only find a place in some third-rate penny paper, if even

there. Julia de Houbigne, his only other novelette, was

meant to depict the misfortunes of a number of quite

blameless people—to be, iii short, a tragedy without a

villain, an Othello without an lago. But, as it has no

insight, and does not even try to have any insight, into

the mystery of such calamities, the result is insipid and

tedious. All these works had great popularity in their

day ; but that day is long past, and what life they now
have is only a tradition.

Mackenzie also wrote several dramas, mostly of tho

tragic sort, for ia that tone he had (auu uL uucc^sses, suck
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as they were. But one who had no conception of distinct

character, of human individuality, was not likely to succeed

in the drama, which depends more on that than on
anything ; and hence it was not our author's good fortune

to deliver his country from the stigma of never having

produced a gcnniuo tragedy. Of The Spanish Father, The

Prince of Tunis, and The Shipwrccl; the second was brought

on the stage, and managed to live for six nights; the

other two were stillborn, and probably no man living has

ever read them, unless for purely critical purposes.

Lut Mackenzie, if nowise a great writer, but quite other-

•wise essentially a small writer, with a knack of making
sentences indeed, but having nothing particular of his own
to say, was not therefore altogether a useless man in his

day. That he did well for himself, and perliaps for the

exchequer too, is quite likely, even though ho toiled in the

high-Tory service of Dundas, and wrote tracts meant to

" broom " out of the country the tide of French Eevolu-

tionary notions. At any rate he became in his old age a

kind of literary centre and social power in Edinburgh,

when that was really needed and useful. He had known
John Home and blind Dr Blacklock, and wrote lives of

them ; but, what is of more consequence, he was among
the first to recognize the genius of llobert Burns, as editor

of The Lomijer, which ho and a group of young men with

some literary tastes wrote and printed for some years.

Yet, though he once breakfasted with Johnson, and certainly

met Burns more than once, he has told us nothing about

•either of them, though a page of Burns's talk would have

been worth all The Man of Feeling twice told. It was so

far good, however, that ho hailed the peasant poet cordially,

which wc could hardly have hoped so artificial a writer

would do, and even better that he noticed the dawn of

Cerman literature when Lessing and Schiller rose above

the horizon, and not only wrote some account of them,

taken from French sources, but boldly set to the study of

German that ho, might really know them at first hand.

How far ho went in that study "we do not know, only he

•3et young Walter Scott on the scent, with results such as

he himself could never have imagined. So he lived on, a

kind of small Icing in the Edinburgh literary world, till

1831, dying in his eighty-sixth year, with a wonderful new
world around him, which had not yet begun to criticize,

but only to admire and honour him.

MACKEREL. Mackerels arc pelagic fishes, belonging

to a small family, Scomhridx, of which the tunny, bonito,

albacoro, sucking fish (Echencis), and a few other tropical

genera aro members (see ICTTTnvOLOGy, vol. xii. p. 690).

Although the species are fewer in number than in the

majority of other families of fishes, they are widely spread

and e.itreniely abundant, peopling by countless schools the

oceans of the tropical and temperate zones, and approaching

the coasts only accidentally, occasionally, or periodically.

The mackerels proper (geuus Scomlier) are readily recog-

nized by their elegantly shaped, well-proportioned body,

shining in iridescent colour.?. Small, thin, deciduous scales

equally cover nearly tlie entire body. The dorsal fin

extends over a great part of the back, and consists of

several portions : the anterior, composed of feeble spines

which can be laid backwards in a groove ; the posterior, of

rays only, of which tho five or si.x hindmost are detached,

forming isolated "finlets." The shape of the anal finis

similar to that of the rayed dor.sal. Tho caudal fin is

crescent-shaped, atrcngthonod at the base by two short

midges on each side. Th3 mouth is wide, armed above and
View with a row of very small, fi.xed teeth.

>Io other fi^h shows finer proportions in the shape of its

bi>dy. Every " lino " of its build is designed and eminently
adapted for rapid progression through the water ; the

muscles massed aluug tho vertebral column are enormously

developed, especially on the back and the sides of the tail,

and impart to the body a certain rigidity which interferes

with abruptly sideward motions of the fish. Therefore
mackerel generally swim in a straightforward direction,

deviating sidewards only when compelled, and rarely turn-

ing about in the same spot. They are in almost continuous
motion, their power of endurance being equal to the
rapidity of their motions. Mackerel, like all fishes of this

family (with the exception, perhaps, of Evheneis, which has
not yet been examined in this respect), have a firm flesh

;

that is, the muscles of the several segments are interlaced,

and receive a greater supply of blood-vessels and nerves
than in other fishes. Therefore the flesh, especially of

tho larger kinds, is of a red colour ; and the energy of

their muscular action causes the temperature of their blood
to be several degrees higher than in other fishes.

All fishes of the mackerel family are strictly carnivorous
;

they unceasingly pursue their prey, which consists princi-

pally of other fish and pelagic crustaceans. The fry of

clupeolds, which likewise swim in schools, arc followed by
the mackerel until they reach some shallow part of the
coast, which their enemies dare not enter.

Mackerels are found in almost all tropical and temperate
seas, with the exception of the Atlantic shores of temperate
South America, where they have not hitherto been met
with. The distinctive characters of the various .species have
not yet been fully investigated ; and there is much confusion

in the dis^crimination of the species. So much is certain

that the European mackerel are of two kinds, of which one,

the common mackerel. Scomber scomber, lacks, while the

other possesses, an air-bladder. The best-known species of

the latter kind is Scomberisolias, the " Spanish " mackerel ;
>

a third, Scomberpneumainphorus, is believed bysome ichthyo-

logists to be identical with S. colias. Be this as it may, we
have strong evidence that the Mediterranean is inhabited by
other species different from S. scomber and ^. colias, and well

characterized by their dentition and coloration. Also the

species from St Helena is distinct; Of extra-Atlantic species

the mackerel of the -Japanese seas are the most nearly allied

to the European, those of New Zealand and Australia, and
still more those of the Indian Ocean, dilfering in many
conspicuous points. Two of these species occur in the

British seas : Scomber scomber, which is the most common
there as well as in other parts of the North Atlantic, crossing

the ocean to America, where it abounds ; and the Spanish

mackerel, Scomber colias, which is distinguisLed by a

somewhat different pattern of coloration, the transversu

black bands of the common mackerel being in this specie <

narrower, more irregular or partly broken up into spots,

while the scales of the pectoral region are larger, and the

snout is longer and more pointed. The Spanish mackerel

is, as the name implies, a native of the seas of southern

Europe, but single individuals or small schools reach fre-

quently the shores of Great Britain and of the United

States.

The home of the common mackerel (to .which tho following re-

marks refer) is the North Atlantic, from the Canary Isl.indsto tho

Orkneys, and from the ModitciTaneau and tho Black Sea and the

co.ists of Norway to tho United States.

Towards tho spring largo scliools approach the coasts. Two
causes have been assigned of tliis migration : first, the instinct

of IJnding a suitable locality for propagating their species ; and,

secondlv, the search and pursuit of food, which in tho wanner
season is mpre abundant in the nriglibourhood of land than in the

open sea. It is probable that tho latter is the true and only cause,

for the following reasons :—mackerel aro known to increase nnich

more rapidly iu size wliilo in the neighbourhood of land thau in

the mouths during which they lead a roving pelagic life in the

open sea ; and, further, one-year and two-year-old fishes, which

have not yet attained raaturit;y, and therefore do not travel land-

' The term " Spanish mackerel " is applied to a very different fish

in America, \iz., Cyiiuin maculatum-
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waids for the purpose of spawning, actually take the lead' in the

migration, and are followed hiti-r on by tlic older and mature fishes.

Finally, according to the observations made by -Sars, vicinity of

land or shallow water are not necessary conditions for the ovipo-

sition of. mackerel ; they spawn at the sput -wluLh they happen

to have reached during their wanderings at the time when tlie

ova have attained their full development, independently of the

distance of tlie land or of tlie depth of water below them, as the

ova float and the embryo is developed on the surface of the water.

In the month of February, or in some years as early as the end

of January, the first large scliools appear at the entrance of tlie

English Channel, and arc met by the more adventurous of the drift-

net fishers many miles west of the SciHy Islands. Tliese early

schools, which, as we mentioned above, consist chiclly of- one-year

and two-year-old fishes, yield sometimes enormous catches, whilst

III other years they, escape the drift-nets altogether, passing them,

for some hitherto unexplained reason, at a greater depth than that

to which the nets reach, viz., 20 feet. As the season advances, the

schools penetrate farther northwards into St George's Channel or

eastwards into the English Channel. The fishery then assumes
proportions which render it ne.i!t in importance to the herring and
cod fisheries. In Plymouth alone a fleet of some two hundred boats

assembles ; and on the French side of the Channel no less capital and
labour are invested in it, the vessels employed being, thougli less in

number, larger in size than on the English side. , Simultaneously

with the drift-net the deep-sea-seine and shore-seine are used, which
towards June almost entirely supersede the drift-net. Towards the

end of May the old fish become heavy with spawn, and are in the

highest condition for the table ; and the latter half of June or be-

ginning of July may be regarded as the time at which the greater

part of mackerel spawn.
Mackerel are scarcely less abundant in the German Ocean ;

prob-

ably some of the schools never leave it, and this resident stock (if

we are allowed to apply this term to a fish which is ever shifting its

quarters) is increased by the schools coming from the Atlantic

through the Englisli Channel or round the north coast of Scotland.

The schools approach the coasts of the German Ocean somewhat
later in the season, partly owing to the greater severity of the
weatlier, which detains the resident fishes in the open sea, and
partly owing to the greater distance which the Atlantic shoals

nave to travel. On the Norwegian coast mackerel fishing does not
begin before May, whilst on the English coasts large catches are

equently made in March. Large cargoes are now annually im-
lorted in ice from Norway to the English market.

After the spa\vning the schools break up into smaller companies
Which are much scattered, and offer for two or three months
employment to the hand-line fishermen. They now begin to dis-

appear from the coasts and return to the open sea. Single indi-

viduals or small companies are found, however, on the coast all the
year round ; they may have become' detached from the main bodies,

and be seeking for the larger schools which have long left on their

return migration.

Although, on the whole, the course and time of the annual
Migration of mackerel are marked 'with great regularity, their

appearance and abundance at certain localities are subject to great
variations. They may pass a spot at such a depth as to evade the
nets, and reappear at the surface some days after farther eastwards

;

they may deviate from their direct line of migration, and even
temporarily return westwards. In some years between 1852 and
1867 the old mackerel disappeared off Guernsey from the surface,

and were accidentally discovered feeding at the bottom. Many
were taken at 10 fathoms and deeper with the line, and all were
of exceptionally large size, several measuring 18 inches, and weigh-
ing nearly 3 lb ; these are the largest mackerel on record.

'

The mackerel most esteemed as food is the common species,

and individuals from 10 to 12 inches in length are considered the
best flavoured. In more southern latitudes, however, this species
seems to deteriorate, specimens from the coast of Portugal, and
from the Mediterranean and Black Sea, being stated to be dry and
resembliifg in flavour the Spanish mackerel {S. colias), which
is not esteemed for the table. See also Fisheries. (A. C. G.)

MACKINTOSH, Sir James (1765-1832), publicist,

historian, statesman, and philosopher, was born at Aldourie,

7 miles from Inverness, in 1765. He came of old Highland
families both through his father and his mother. Of the
former, who was an ofiScer in the army, and was mostly
on duty abroad, he saw but little, and he spent his early
years under the care of his mother and her relatives. At
a very early age young James bore the reputation of a
prodigy for multifarious reading- and learning. His
schooling he received at Fortrose, whence he went in 1780
to college at Aberdeen. As a student in the arts faculty
th«6 his reading extended far beyond the bounds of the

cuiricalum ; but the influence that most powerfully formed
his mind was the companionship of llobcit Hall, alterwards

so famous as a pulpit orator, with whom he ardently beat
the usual round of vexed questions. In 1784 ho proceeded
for the study of medicine to Edinburgh, where he found a
still more congenial field for his opening mind, at a time
when Hume had been dead just eight years, while Adam
Smith, Dr Black the father of chemistry, Dr Cullen,

Robertson, Ferguson, and other eminent men, were resident

there. Mackintosh participated to the full in the intel-

lectual ferment, but did not quite neglect his medical
studies, and took his degree, though with characteristic

unpunctuality he kept the professors waiting for a con-

siderable time on the examination morning.

In 1788 Mackintosh removed to London, then agitated

by the trial of Hastings and the king's first lapse into

insanity. He was much more interested in these and
other political events than in his professional prospects

;

and his attention was specially directed to the events and
tendencies which caused or preceded the Revolution ia

France. In the year of his removal to London his father

died, and he succeeded to the family estate, which, being
small and burdened, brought very little income ; and, as

he made no headway in his profession, his financial outlook

was not very bright. It was under these circumstances

that he wedded his first wife Catherine Stuart. Yet his

marriage was a happy event for him. His wife's prudence
was a corrective to his own unpractical temperament, and
his efforts in journalism soon became fairly profitable.

Mackintosh was soon absorbed in the question of the time
;

and in April 1791, after long meditation, he published hi»

Vindicix Gallics, a reply to Burke's Fejfeclioits on ike

French Revolalion. It Was the only worthy answer to

Burke that appeared. It placed the author in the front

rank of European publicists at the age of twenty-five, and
won him the friendship of some of the most distinguished

men "of the time, including Burke himself. About the

same time he became honorary secretary of the association

of the Friends of the People. The success of the Vindiciie

finally decided him to give up the medical for the legal

profession. He was called to the bar in 1795, and gained

a considerable reputation there as well as a tolerable practice.

During this period his greatest public efforts were his

lectures (1799) at Lincoln's Inn on the law of nature and

nations, of which the introductory discourse was published,

and his eloquent defence (1803) of Jean Peltier, a French
refugee, tried at the instance of the French Government
for a libel against the first consul. In 1804 he was created

knight, and received the post of recorder at Bombay, where

he spent the next seven years of his life. The .spoilt child

of London society was not at home in Bombay. He did

seek to interest himself in India, and in imitation of .Sir

William Jones founded the Literary Society of Bombay;
but the current literature of Europe was far more engross-

ing than the old Indian life, and the packet with the latest

tidings from Europe and the newest development of the

Napoleonic drama was infinitely more interesting than

either. In spite of his scholarly and historic sympathies,

his heart always was with the new era, and he was glad to

return to .England, where he arrived in 1812. True to

his old faith, he courteously declined the offer of Perceval

to resume political life under the auspices of the dominant

Tory party, though tempting prospects of office in connexion

with India were opened up. He entered parliament in the

Whig interest as member for Nairn. He sat for that

county, and afterwards for Knaresborough, till his death.

In London society, and in Paris during his occasional visits,

he was a recognized favourite for his genial wisdom and

his great conversational power. On Madame de Stael's

visit to London he was the only Englishman capable of
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representing Lis couutry in ialir with that phenomenal
woman. His parliamentary career was marked by the

same wide and cp'idid liberalism as his private life. He
oi)posed tho repressive and reactionary measures of the

Tory Government, supported and afterwards succeeded

Romilly in his efforts for reforming the criminal code, and
took a leading part both in Catholic emancipation and in

the Reform BilL But he was too little of a partisan, too

widely sympathetic and candid, as well as too elaborate, to

be a telling speaker in parliament, and was consequently

surpassed by more practical men whose powers were incom-

parably inferior. From 1818 to 1824 he was professor of

iaw and general politics in the East India Company's
College at Haileybury.

In the midst of the attractions of London society and of

his parliamentary avocations Mackintosh felt that the real

work of his life was being neglected. His great ambition

was to write a history of England. His studies both in

English and foreign speculation led him to cherish the

design also of making some worthy contribution to philo-

sophy. There is real pathos in the fact that it was not

till 1828, when he was si-^cty-three years of age, and even

then only at the instance of Macvey Napier, editor of the

Eiicydopmdia Britannica, that he set about the first task of

his literary ambition. This was the Dissertation, on the

Progress of Ethical Philosophy, prefixed to the seventh

edition of the Encyclopxdia. The dissertation, written

mostly in ill-health and in snatches of time taken from his

parliamentary engagements, was published in 1831. About
the same time ho wrote for the Cabinet Cyclopxdia a
" History of England from the Earliest Times to the Final

Establishment of the Reformation." His more elaborate

History of the Jx^aoluiion, for which he had made great

researches and collections, was not published till after

his death. Already a privy councillor, . Mackintosh was
appointed commissioner for the affairs of India under the

Whig admin/atration of 1830. He died in 1832.

ilackintosh was undoubtedly one of tho most cultured nnd
catholic-minded men of his time. His i^tudies and sympathies
embraced almost every human interest, except pure science. But
it. was the width of his intellectual sympathies joined to a con-
stitutional indecision and vis inerlix that prevented him from doing
more enduring work. Thus it was that his actual achievements
came so far short both of his real power and of the promise given
in his early efforts. Tho works of Mackintosh which nave the best

claim to permanent VElue are tho Vmdicife Oalli^te, the Dissertation,

and the History of the Enrjlisk Revolution, Of tha three the first

is the greatest both in ability and historical significance. It is

the verdict of a philosophic Liberal on the development of tho

Frencli Revolution up to the spring of 1791, and is at the same
time a sympathetic estimate of its causes, principles, and tendencies.

While respectful to Iiis great opponent, he is firm and manly in

his assertion of the rights and interests of man so deeply coucerned
iu the Revolution. Its excesses compelled him a few years after

to express his entire agreement with the opinions of Burke ; but
few will now deny that his early judgment was the more correct.

The Dissertation, is a sketchy and fragmentary work, redeemed by
catholic critii ism and ingenious suggestion, it was a gr^at under-
taking, for wliich half alifetime would hardly haver been sufficient,

attempted at a time when the study of the history of philosophy
had hardly been begun. Yet his suggestions as to the formation
of conscience are valuable. The Jlistoni of the Revolution in England
in 1688, which is only a posthumous fragment of a long meditated
history of England beginning with tho Revolution, is written in a
style of calm and lofty impaitiality. It is wanting in colouring,
in movement, in the concrete and picturesque, and could never
have been a popular liistory. It gives the history only of three
years (1685-88), breaking off at the point where William of Orange
IS preparing to interveno in the affairs of England. Tho account
of the early career of the prince is a noble and sti iking piece of
work, showing that, if the author could have resisted the charms
of society and applied himself resolutely to hiatoriciil composition,
he might have achieved something reuUy great in that department.
SCO tlie Memoirs of Sir Jamt'% Mackintoih't Life, edited by JUa ion; also

Miicauliiy's Kisay on Sir J. ^lucklntosli.

MACLAURIN, Colin (1698-174G), one of the most
eminent among the mathematicians and philosophers tliat

Great Britain has produced, was the son of a clergyman,
and born at Kilmodan, Argyllsliire, in 1698. At the
early age of eleven years hd entered the university of
Glasgow, where he graduated as master of arts in his
sixteenth year. While at the university he exhibited a
decided genius for mathematics, mora especially for
geometry ; and it is said that before the end of his six-

teenth year he had discovered many of the theorems after-
wards published in his Geomctria Organica.

In 1717 he was elected professor of mathematics in
Marischal College, Aberdeen, as the result of a competitive
examination. Two years later he was admitted a fellow
of the Royal Society, and in a visit to London made the
acquaintance of Newton, whose friendship and esteem he
afterwards enjoyed. In 1719 he published his Geometria
Organica, rive detcriptio linearum curvarum tmiversahj.
This work was inspired by the beautiful discoveries t,f

Newton on the organic description of conic sections. In
it Maclaurin introduced the weU-known method of genprat-

ing conies which bears Jbis name, and showed that manv
species of carves of the third and fourth degrees can be
described by the intersection of two movable angles. In
1721 he wrote a supplement to the Geometria Organica,
which he afterwards published, with extensions, in the
Philosophical Transactions for 1736. This paper is

principally based on the following general theorem, which
is a remarkable extension of Pascal's hexagram :— " It a
polygon move so that each of its sides passes through a
fixed point, and if. all its summits except one describe

curves of the degrees m, n, p, kc, respectively, then the
free summit moves on a curve of the degree 2mnp ....
which reduces to mnp . . . when the fixed points all lie

on a right line."

In 1722 Maclaurin travelled as tutor and companion, to

the eldest son of Lord Polwarth, anil after a short stay in

I'aris resided for some time in Lorraine, where he wrote

ail essay on the percussion of bodies, which obtained the
prize of the French Academy of Science for the year 1724.

The following year he was elected professor of mathematics
in the univei-sity of Edinburgh on the urgent reconinu>n<la-

tion of Newton. After the death of Kewlon in 17'JS, his

nephew, Mr Conduitt, applied to Maclaurin for his assist-

ance in publishing an account of Newton's life and
discove'ries. This Maclaurin gladly undertook, but before

the account was written the death of Mr Conduitt put a
stop to the project. It was not until many years afterwards,

and subsequently to Maclaurin's death, that this account

of Newton's philosophical dbcoveries was published (1748).

In 1740 Maclaurin obtained the high, distinction of

dividing with Euler and Daniel Bernoulli the prize offered

by the French Academy of Science for an essay on the flux

and reflux of the sea. This important memoir was
subsequently revised by him, and. inserted in his Treatise

on Fluxions, which was published at Edinburgh in 1742,

iu two volumes. In the preface he states that the work

was undertaken in consequence cf the attack on the method

of fluxions made by Berkeley in 1734, under the title of

The Analyst. Maclaurin's object was to found the doc-

trine of fluxions on geometrical demonstration, after tho

manner of Archimedes and the ancient mathematicians, and

thus to answer all objections to its method as being founded

on false reasoning and full of mystery. He thus laid

down the grounds of tho fluxional method, regarding

fluxions as velocities, after Newton. Ho proceeded to give

an extensive application of the method to curves, surfaces,

and the other subjects usually discussed in works on the

differential and integral calculus, his treatment being almost

exclusively geometrical; but the most valuable part of the

work is that devoted to phj'sical applications, in which he

embodied his essay on the tides, as stated above.
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In this he investigated the attraction of an ellipsoid of

revolution, and showed that a homugeneous fluid mass

revolving uniformly round an axis under the action of

gravity ought to assume the form of an ellipsoid of revolu-

tion. The importance of this investigation in connexion

with the theory of the tides, the figure of the earth, and

other.kindred questions has always caused it to be regarded

as one of the great problems of mathematical physics.

Thus Clairaut, D'Alembert, Lagrange, Legendre, Laplace,

Gauss, Ivory, Poisson, Jacobi, Chasles, and other eminent

mathematicians have successively attacked the problem,

and in doing bo have declared their obligations to

Alaclaurin as the creator of the theory of the attraction of

ellipsoids. Lagrange's statement as to Maclaurin's dis-

coveries deserves to be especially cited : after observing

that the attraction of a spheroid of revolution is one of

the problems in which the method of the ancients has

advantages over that of modern analysis, he adds that

Maclaurin's investigation is "un chef d'ceuvre de geom^trie

qu'on peut comparer k tout ce qu' Archimede nous a laissd

de plus beau et de plus ingfinieux " {Mem. de I'Acad, de

Berlin, 1773). It may be added that Maclaurin was the

first to introduce into mechanics, in this discussion, the

important conception of surfaces of level, namely, surfaces

at each of whose points the total force acts in the normal
direction. He also gave in his Fluxions, for the first time,

the correct theory for distinguishing between maxima and
minima in general, and pointed out the importance of

the distinction in the theory of the multiple points of

curves.

In 1745, when the rebels, having got between Edinburgh
and the king's troops, were marching on that city,

Maclaurin took a most prominent part in preparing trenches

and barricades for its defence. This occupied him night

and day, and the anxiety, fatigue, and cold to which he
was thus exposed, affecting a constitution naturally weak,

laid the foundation of the disease to which he afterwards

succumbed. As soon as the rebel army got possession of

Edinburgh, Maclaurin fled to England, to avoid making
the submission to the Pretender which was demanded of

uU who had defended the town. He accepted the invita-

tion of Dr Herring, then archbishop of York, with whom
lie remained until it was safe to return to Edinburgh.

From that time his health was broken, and he died of

dropsy on June 14, 1746, at Edinburgh, in his forty-eighth

year. Maclaurin was married in 1733 to Anne, daughter

•of Walter Stewart, solicitor-general for Scotland. His
eldest son, John, born in 1734, was distinguished as an

advocate, and appointed one pf the judges of the Scottish

Court of Session, with the title of Lord Dreghorn. He
inherited an attachment to scientific discovery, and was
one of the founders of the Royal Society of Edinburgh, in

1782.

After Maclaurin's death his account of Newton's philosophical dis-

coveries was published, and also his alg-^bra in 1748. As an appen-
dix to the latter appeared his work, Dc linearum geomctricarum pro-
prielatibus gcncralibus tractaUis, a treatise of remarkable elegance.

Of the more immediate successors of Newton in Great Eritaia
Maclaurin is probably the only one who can be placed in competi-
tion with the great mathematicians of the Continent at the time,
and his name ^vill ever be held in remembrance in connexion with
his important discoveries. Among his publications in the Philo-
sophical Transactions the following should be noticed ;

—

(1) "Traetatus de curvarum Constructione et mensura, ubi plurimre
,

series curvarum infinitas vel rectis mensurantur, vel ad simpliores
curvasreducantur," May 1718. The series of curveshere treated are
•what are now styled "pedal" curves, which hold an important place
in the modern discussion of curves. Maclaurin established many
.geometrical properties connecting a curve with its pedal. He inres-
tigated the properties of the successive pedals of a circle with respect
to a poini, .Su its circumference, also those of the pedals of curves for

which the perpendicular on the tangent varies as some power of the
jadius vertor drawn to the point of contact. (2) " Nova methodus

universalis curvas onmes cujuscunque ordinis meclianice describeudi
tola datorura anguloram et rectarnm ope," January 1719. This and
the preceding memoir were subsequently enlarged and incorporated
by Maclaurin in his Geomctria Organica. (3) "On Equations with
Impossible Eoots," May 1726. (4) On"Continuation oftheSame,"
March 1729. In these papers he gave a-proof of Newton's rule
for the discovery of the number of imaginary roots of an equation.
He added some general results on the limits to the roots, and gave
the well-known method of finding equal roots by aid of the first

derived equation. (.5) " Observation of the Eclipse of the Sun of
February iS, 1737,"' January 1738. (6) " On the Bases of the Cells
where Bel's Deposit their Honey," November 1743.

French translations of his Treatise mi Fluxions aud that on
Newton's philosophical disco-reries were published at Paris in 1749.
His algebra was also translated into French, in 1763. (B. W.)

M'LENNAN, John Ferguson, LL.D. (1827-1881),
one of the most original of modern inquirers into the con-

stitution of early society, was born at Inverness 14 th
October 1827. He studied at King's College, Aberdeen,
where he graduated with great distinction in 1849, and
then proceeded to Cambridge, where he remained till 1855,
but did not take his degree. After some years spent in

literary work and legal studies in London and Edinburgh,
he joined the Scottish bar (January 1S57). In 1865 he
published an epoch-making study on Primitive Marriage, in

which, starting from the prevalence of the symbolical form
of capture in marriage ceremonies, and combining with

great argumentative power a variety of phenomena of

primitive society previously quite obscure, he developed an
intelligible picture of the growth of the marriage relation

and of systems of kinship (see Faihily) according to

natural laws. Continuing his studies on allied topics,

M'Lennan published in 1866 {Fortnighthj Eeview, April

and May 1866) an essay on "Kinship in Ancient Greece,"

in which he proposed to test by early Greek facts the

theory of the history of kinship set forth in Primitive

Marriage, and, three years later, a series of essays on
"Totemism" {Fortnightly Review, 1869-70) (the germ of

which had been contained in the paper just named), which
mark the second great step in the systematic study of early

society, to which the energies of his life were now devoted.

A reprint of Primitive Marriage, with " Kinship in Ancient
Greece " and some other essays not previously published,

appeared in 1876 under the title of Studies in Ancient

History. The new essays contained in this volume were
mostly critical, but one of them, in which perhaps his

guessing talent is seen at its best, on "The Divisions of the

Irish Family," is an elaborate discussion of a problem
which has long puzzled both Celtic scholars and jurists

;

and in another, " On the Classificatory System of Kelation-

ship," he propounded a new explanation of a series of facts

which, he thought, might be made to throw a flood of light

upon the early history of society, at the same time putting

to the test of those facts the theories he had set forth in

Primitive Marriage. Papers on " The Levirate and Poly-

andry," following up the line of his previous investigations,'

appeared in the following year {Fortnightly Eeview, 1877),

and were the last work he was able to publish. ° From
1872 t& 1875 his literary plans were much interrupted by
his duties as parliamentary draftsman for Scotland, and
when he retired from this ofiice his health was broken;

his last years were chiefly spent abroad, and in spite of the

self-denying assistance of his second wife (his first wife, a

daughter of M'Culloch the political economist, died in 1870,

and he married again in 1875) the vast materials which he

had accumulated for a comprehensive work on his favoui'ite

subjects were left only partially worked up, though the

publication of his remains may still be looked for. He
died 14th June 1881. In private life M'Lennan was

distinguished by his remarkable powers of conversation, by

an uncompromising sense of duty, especially of duty to

truth, by a warm and affectionate disposition, and by I-is
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readiness to help all workers ia science, especially young

men of promise. Besides the works already cited,

M'Lennan wrote Life of Thomas Drummond (Edinburgh,

1867). His later labours had for immediate object the

solution of the origin of exogamy—that is, of laws prohibit-

ing the marriage of relations (laws of incest) ; and in con-

nexion with this he had prepared materials for a description

of the social state of the less advanced races of men

(keeping totemiam in view as it bore on the history of society

rather than the history of religion), which, he believed,

-would throw much light on the history of marriage and the

iamily, of kinship, and laws of inheritance.

MACLEOD, NoHMAN (1812-1872). There were three

Norman Macleods, all ministers of the Church of Scotland,

land all men of some note in their day. The first was

.settled in Morven, the " Highland parish," looking out on

•the Sound of Mull, of which his grandson has given us so

many pleasant and sunny reminiscences. The second was

minister of Campbeltown, afterwards of Campsie, and

finally of St Columba's Gaelic Church in Clasgow, an able

Celtic scholar and popular preacher, with a dash of dry

humour in him, and general Highland "pawkiness."

The third Norman was born in Campbeltown on June 3,

1812, and, like his father, he too could tell a good story,

only his humour was not of the pawky kind, but verged

on caricature, when it had not, as it mostly had, a vein of

pathos in it ; for he had received, probably from his

mother, Agnes JIaxwell, a richer blood and a larger life

than we can trace in his more purely Celtic ancestry.

A sunny, light-hearted youth, full of jest and song, given

to miscellaneous literature rather than to accurate scholar-

ship or professional learning, would hardly seem to have

been the kind of training to prepare for the life of an

-eloquent preacher and earnest pastor. Yet the broad

human sympathies which were thus fostered were, after

nil, more serviceable for the wVsrk that lay before him than

a knowledge of the Greek drama or of Dutch divinity;

and, though he was never much of a scholar or a theologian,

ho was out and out a man, which is of more consequence

in the long run. He had also moved about, and seen a

good deal of the world in Highland Morven, in Glasgow,

ill Edinburgh, iu England, and in Germany, when in 1838,

on the recommendation of Dr Chalmers, he was presented

by the dowager marchioness of Hastings to the parish of

Loudoun, and began his ministry among a curious com-
bination of Davie Deanses and Silas Marners—covenant-

ing small farmers and Chartist hand-loom weavers. There,

in the small rural parish, his work had the same character-

istic features as in the larger sphere whicii afterwards

opened up to him in tte Barony church and in general

literature. He carefully prepared for his pulpit, yet he
was most eloquent when must spontaneous, for he was
naturally more of a speaker than a writer. Courteous and
chivalrous, yet also homely and ready-witted, he was as

much liked by the radical weavers as he was honoured and
trusted by the marchioness and her family. And if his

natural gaiety of heart, which now and then amounted to

rollicking animal spirits, gave him an occasional twinge of

conscience which is duly recorded in his secret diary, that

only shows that his genuine piety had not yet harmonized
his whole nature, as it afterwards did, blending the grave
and gay in one beautiful human service.

When he began his ministry, the troubles in the Scottish

Church were already gathering to a head, and he found
himself.compelled to look around, and choose his ground.
He wanted to get for the church all that Chalmers
and his friends wanted. He felt that the best men,
both lay and cleric, were with them, and against himself.

He had no love for lay patronage, and ho wished the
church to be free to do its proper work. But more. than

all else he clung in those days to the idea of a national

Established Church; and it was not without a sinking

of heart that he saw the long array file out of the

Assembly of 1843 after Drs Welsh and Chalmers. Yet

he girded himself up for the task that had now to be done

with courage and wisdom. It was a heavy job to fill

four hundred and thirty pulpits with sucIk materials as

came to hand, mostly men who had already failed, and

practically given up the profession. For years Macleod,

and those who worked with him, toiled almost despairingly

to inspire them with any living interest in the real business

of the Christian Church. But in the long run his labours

were crowned with a large measure of success, though his

own brethren to the last hardly gave him the credit for it

which was due almost to him alone—to him, at any rate,

above all others. With his broad sympathies he flung

himself upon the masses, and taught the working men to

feel that the Church of Scotland was still as interested in

their wellbeing as any denomination. Discerning also

that the harder forms of Calvinism had no longer the hold

on their minds that they once Lad, he made room for the

thoughtful teachings of his cousin, Dr John Macleod

Campbell, whom the Evangelical party had formerly cast

out as a heretic, gaining by this means not a little influence

with the young and inquiring intellects of the country.

And finally, by his efforts to diffuse a wholesome religious

literature through the land, he so identified his church

with the. growing spirit of the age that at length he lived

to see it, not indeed the strong and united community

which in his youth practically controlled the nation, but

yet once more a great power, dear to the hearts of many

of the people, and doing good Christian service to the

land.

It may be doubted if the work which Norman JIacleod

did for Scotland could have been done in his day without

the disruption of the church. For the Evangelical party,

using that word in its technical sense, had not only gained

the confidence of the people by much faithful service, but

also had confirmed their power by somewhat sharp treat-

ment of all who differed from them. It needed a

different kind of church to tolerate the views of Macleod

Campbell ; but as these were now, more or less, identified

with the living element in the kirk, with those who were

most diligent in parochial work, and most zealous in

mission enterprise, they gradually established their right

to be preached in Calvinistic pulpits. Norman Macleod,

of course, was not long left to expend his energies on the

weavers of Loudoun. Removing first to Dalkeith, he was

finally, in 1851, called to the Barony church,*" Glasgow,

where the rest of his days were passed, in honour and

influence, as the foremost of its citizens. There the more

liberal theology rapidly made way among a people who
judged it more by its fruits than its arguments. And, as

they heard his eloquent voice pleading on behalf of

churches and schools for the poor, penny savings banks,

foreign missions, and every likely scheme for doing good

to men, they learned to look without suspicion at opinions

which yielded such Christian results.

Two other events also helped not a little to increase

his influence. These were his position as editor of Good
Words, and his relation to the queen and the royal family.

In 1860 a magazine was projected which was to

deal with subjects common to all, only with a decidedly

religious tone. It was not for Sunday only, nor was
it for Christians only ; but it was to be broadly human,
and at the same time clearly pious. For the conduct-

ing of such a magazine Macleod was singularly well

qualified. Not that he had yet attained any great lite-

rary position, or indeed was ever likely to do so. He
had written some ecclesiastical pamphlets, amusing" but
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not weighty. He had edited the Edinburgh Christian

Magazine, without achieving any marked success. His

best work as yet was the life of his friend and brother-

in-law, John Mackintosh. But nothing human was

foreign to him, and " good words," on things in general,

were just the words that he could make quick and

powerful. Very soon Good Words came to be by far the

most popular magazine of the day. Nearly all his

own literary work, by which he will be judged in other

times, appeared in its pages,—sermons, stories, travels,

novels, poems,—all of them honest " good words " which

it was wholesome to read. But they hardly give him a

name in literature,—at least, not such a name in the

future as he had while he was still alive. They were too

much the hurried productions of a life busy with many
affairs. The short stories, like " Wee Davie " and " Billy

Buttons," are those which are most likely to retain a place

in letters,- on account of their mingled humour and pathos.

Of his more studied works " The Starling " is perhaps the

best ; but, while he could tell a brief tale admirably, he
could not sustain a long narrative, with its play of varied

character and incident ; and, instead of leaving his art to

read its own lesson, he preached a sermon by means of a

story. Always, indeed, it is evident that he was more of

an orator than a writer. The best of his poems is the

hymn " Trust in God and do the right," though the
" Curling " song has the right ring of the stones rattling

over the ice. Altogether, iis work was honest and good,

not the highest in point of literary finish, but wholesomer
than much that is more perfect in its form.

While Good Words made his name widely known, and
helped the cause he had so deeply at heart, his relations

with the queen and the royal family strengthened yet
further his position in the country. Never since Principal

Carstairs had any Scotch clergym^ been on such terms
with his sovereign ; and their friendship was felt to be
alike honourable to both, resting, on her part, on esteem
for his work and character, and on his, on a loyal desire to

serve his queen as a Christian minister may. All this

helped not a little to increase his influence in the councils

of the church, and to restore its prestige, which had for a
time been nearly overthrown ; and yet, while his popu-
larity was in full swing, one unlucky piece of honesty made
him for a time the man in all Scotland most profoundly
distrusted.

Scotch Sabbatarian ideas had been a good deal disturbed
by the running of Sunday trains and by other novelties,

and in 1865 the presbytery of Glasgow issued a pastoral
letter on the subject to be read from all the pulpits, there.

Macleod, of course, loved the day of rest as much as any
of them, but he did not like the grounds on which they
rested it, nor yet the spirit in which they would have it

observed. Therefore he resolved to deliver his mind on
the subject to his brethren. Like St Paul, he refused to
let any man judge him concerning "new moons and Sab-
baths." His speech was not at first well reported, those
parts only being printed which were most likely to startle
the religious public; and in consequenci \t was, for a
while, greatly misunderstood. Old friends shrunk from
him. His house seemed to be Shunned as i'' plague-
stricken. His brethren in the presbytery thieatened a
" libel " for heresy. And he needed all his courage to bear
up against the outcry which assailed him on all hands. A
more correct version of the speech was issued, however, and
the good sense and Christian intelligence of the people soon
learned to form a juster estimate of its real bearing. The
threatened prosecution broke down. Truer ideas of Sabbath
observance got a lodgment in men's minds. And, four
years after, the church, which at one time seemed ready to

cast liim from her bosom, accorded him the highest honour

in her power to give, by choosing him as moderator of her

General Assembly.

Before that, however, he had already gained her con-

fidence so far as to be sent, along with Dr Archibald

Watson, to India to inquire into the state of her mission

there. He had always taken a deep interest in the India

mission, and had been for some time convener of the com-
mittee which took charge of its interests. When asked to

undertake this duty, he was already labouring under the

disease which afterwards shortened his days ; his medical

advisers were not without grave anxieties as to the effect

of the climate on his constitution, and it was with clear

consciousness of the risk he ran that, in 18G7, he sailed

for the East. He returned fully resolved to devote

the rest of his dajs largely to the work of rousing the

church to her. duty in carrying out "the marching
orders " of her Commander. But he was not destined

to do much more for the cause that lay so near his heart

than to make one or two stirring appeals to Ihe conscience

of the church. His health was now broken, and his old

energy flagged. Always his habits of work had been

somewhat irregular; properly, indeed, he had no fixed

habits, biit only tremendous fits of labour and periods oi

exhaustion. Now neither body nor brain could stand

this strain, and with reluctance and pain he had to give

up the charge of the India mission. His speech in doing

so was the last and greatest he ever made It was as if

he had gathered up his failing povpers for one final effort,

and spent his life on it. Shortly after his return from the

Assembly of May 1872, his disease showed some fresh

symptoms that alarmed the doctor.s. Atid on Sunday the

ICth of June, shortly after completing his sixtieth year,

Norman Macleod peacefully fell asleep, the country

hardly knowing how it had loved him till he was borne to

his quiet resting-place in Campsie churchyard.

Memoir of Norman Macleod, D.D., by his brother, the Rev.
Donald Macleod, 2 vols., appeared in 1876. (W. C. S.*)

MACLISE, Daniel (1806 or 1811-1870), subject and
history painter, was born at Cork, the son of a Highland
soldier.^ His education was of the plainest kind, but he
was eager for culture, fond of reading, and anxious to be-

come an artist. His father, however, placed him, in 1820,
in Newenham's Bank, where he remained for two years, and
then left to study in the Cork school of art. In 1825 it

happened that Sir Walter Scott was travelling in Ireland,

and young Maclise, having seen him in a bookseller's shop>

made a surreptitious sketch of the great man, which he after-

wards lithographed. It was exceedingly popular, and th?

artist became celebrated enough to receive many commis-
sions for portraits, which he executed, in pencil, with very

careful treatment of detail and accessory. Various influ-

ential friends perceived the genius and promise of the lad,

and were anxious to furnish him with the means of studying
in the metropoh's ; but with rare independence he refused

all aid, and by careful economy saved a cufficient sum to

enable him to leave for London There he made a
lucky hit by a sketch of the younger Kean, which, like his

portrait of Scott, was lithographed and published. He
entered the Academy schools in 1828, and carried off the

highest prizes open to the students, including, in 1829,

the gold .medal for the best historical composition.

In the same year he exhibited for the first time in the

Royal Academy. Gradually he began to confine him-
self more exclusively to subject and historical pictures,

varied occasionally by portraits of Campbell, Miss
Landon, Dickens, and other of his celebrated literary

' The year of his birth is uncertain; ie himself used to assert that

the 25th of Janvrary 1811 was the correct date, but research in tha

register of the old Presbyterian church in Cork seems to prove that ha
was born on 2d February 1S06.
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friends. In 1833 he exhibited Snap A|iple Night, or AH
Hallow Eve in Ireland, and Mokanna Unveiling his Features

to Zelica, which greatly increased his reputation, and were

followed in the succeeding year by the powerful dramatic

subject of tn; Installation of Captain Rock, and in 1^33

by the Cliivahl:' ^'ow of the Ladies and the Peacock, a work

which procured his election as associate of the Academy,

of which he became full member in 1840. The years that

followed were occupied with a long series of figure pictures,

deriving their subjects from history and tradition, and
from the works of Shakespeare, Goldsmith, and Le Sage.

He also designed illustrations for Moore's Irish Melodies,

Lytton's Pilgrims of the Rhine, and several of Dickens's

Christmas books, and for The Story of the Norman Con-

quest and Shakespeare's Seven Ages, published by the Art

Union. Between the years 1830 and 1836 he contributed

to Fraser's Magazine, under the nom-de-crayon of Alfred

Cioquis, a very remarkable series of portraits of the literary

and other celebrities of the time,—character studies,

etched or lithographed in outline, and touched more or less

with the emphasis of the caricaturist, which have been

siuce reproduced and published in a volume. In 1858

Maclise commenced one of the two great monumental

wjrks of his life, the Meeting of Wellingtou and Bliicher,

oil the walls of Westminster Palace, where he had pre-

viously painted his Spirit of Religion and his Spirit of

Chivalry. It was begun in fresco, a process which proved

unmanageable. The artist wished to resign the task ; but,

encouraged by Prince Albert, he studied in Berlin the new

m 3thod of " water-glass " painting, and carried out the subject

atd its companion, the Death of Nelson, in that medium,

completing the latter painting in 1864. The intpnse

application which he gave to these great historic works,

acd the various depressing and discouraging circumstances

connected with the commission, had a serious effect on the

artist's health. He began to shun the company in which

he formerly delighted ; his old buoyancy of spirits was

gone; and when, in 1865, the presidentship of the

Academy was offered to him, he declined the honour. In

1868 he exhibited the Sleep of Duncan, and in 1869 his

King Cophetua and the Beggar Maid. Having finished

the Earls of Desmond and Ormond, he was attacked by

acute pneumonia, which carried him off, after a brief

illness, on the 25th April 1870.

Th« works of Maclise are distinguished by powerful intellectual

and imaginative qualities, but most of them are marred by harsh

and dull colouring, by metallic hardness of surface and texture, and

by frequent touches of the theatrical in the action and attitudes of

the figures. His fame rests moat securely on his two gieatest works

dt Westminster. A memoir of the artist by his friend VV. J.

O'DriscoU was published in 1871.

MACLURE, William (1763-1840), the pioneer of

American geology, was born at Ayr in Scotland in 17G3.

After a brief visit to New York he began active life as a

partnjr in the firm of Miller, Hart, & Co., London. Four

years later (1796) business affairs brought him again to

America, which he thereafter made his home. In 1803 he

visited France as one of the commissioners appointed to

settle the claims ot American citizens on the French

Grovernment for spoliations committed during the Revolu-

;ion ; and during the few years then spent in Europe he

applied himself with enthusiasm to the study of geology.

On his return home he commenced the self-imposed task

of making a geological survey of the United States.

Almost every State in the Union from the St Lawrence to

the Gulf of Mexico was traversed and. mapped by him,

the Alleghany mountains being crossed and recrossod Bomo

fifty times. The results of his unaided labours were

submitted in a memoir to the American Philosophical

Society (1809), and published in the Society's Transactions

(vol, vi.), together with a geological map, wbljl tbua

antedates William Smith's great geological map of England

by six years. Subsequent survey has corroborated the

general accmacy of Maclure's observations, so far at least

as the Primary and .Secondary formations are concerned.

From 1817 to his death Maclure wa.s president of tlie

Academy of Natural Sciences of Philadelphia, and much
of the prosperity of the institution was due to his devoted

services. In 1819 he visited Spain, and attempted to

establish an agricultural college near the city of Alicante

;

but with the overthrow of the short-lived Liberal constitu-

tion his plans became hopelessly deranged. Returning to

America in 1824, he settled for some years at New
Harmony, Indiana, endeavouring, but with email success,

to develop his scheme of the agricultural college. Failing

health ultimately constrained him to relinquish the attempt,

and to seek (in 1827) a more congenial climate in Mesicc,

There, at San Angel, he died March 23, 1840.

Hia great geolo^cal memoir was issued separately, with some
additional matter, in 1817 ; and in 1837 he puhlished a collection

of essays, in 2 vols. , mainly on political economy, entitled Opinions

on Various Subjects. His other original papers, includi::^ obser-

vations on the geology of the West Indies and of Mexico, and re-

marks on the origin and arrangement of rocks, were published in

the Journal of the Acadany of Natural Sciences (Philadelphia), in

&iSixami's American Jcmmal of Science and Arts, and in the French
Journal de Physique.

MACNEE, SiE Daniel (1806-1882), portrait painter,

was born in 1 806 at Fintry in Stirlingshire. He was edu-

cated in Glasgow, and at the age of thirteen apprenticed,

along with Horatio MaccuUoch and Leitch the water-colour

painter, to -John Knox, a landscapist of some repute at the

time. He afterwards worked for a year as a lithographer,

was employed by the Messrs Smith of Cumnock to paint

the ornamental lids of the planewood snuff-boxes for

which their manufactory was celebrated, and, having

studied in Edinburgh at the "Trustees' Academy," sup-

porting himself meanwhile by designing and colouring

book illustrations for Lizars the engraver, he established

himself as an artist in Glasgow. At first he was occupied

a good deal with figure pictures, but the increasing demands

on his time as a fashionable portrait painter eventually

left him little leisure for this branch of art. He was one

of the twenty-four associates of the Royal Institution

who, in 1829, were admitted members of the Royal

Scottish Academy ; and on the death of Sir George Harvey

in 1876 he was elected president, and received the honour

of knighthood, and the degree of LL.D. from the Glasgo\^

University. From this period till his death, on the 18th

of January 1882, he resided in Edinburgh, where his

genial social qualities and his inimitable powei-s as a tellei

of humorous Scottish anecdote rendered him popular.

Among his portraits may be mentioned those of Lord

Brougham, Viscount Melville, Lord Inglis, and Mr8_ Bough.

His Dr Wardlaw obtained a gold medal at the Paris Inter

natioual Exhibition of 1855.

MACNEILL, Hector (1746-1818), a minor Scottish

poet, born near RMlin, October 22, 1746, died at

Edinburgh, March 15, 1818. The 8on of an impoverished

army captain, ho spent several years of his boyhood on a

farm which his father had taken on the banks of Loch

Lomond, and was sent to Bristol at the age of fourteen to

enter on a mercantile career. Soon afterwards he wa?

despatched to the West Indies, where he remained mp.nj

years without ever enjoying even a moderate prosperity.

When about forty he returned to Scotland with the inten-

tion of devoting himself to a literary life, but his ill fortune

still pursued him, and ho was obliged to go back to

Jamaica. The kindness of two friends enabled him soon

to come home again to Scotland, and on the journey he

finished The Harp, a Legendary Tale, published n»

Edinburgh in 17U9. After cix yoarh i^pent [\t Edinbnrgh,
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rendered miserable by shattered health and depressed

spirits, he retired to the house of a friend at Stirling,

where he wrote most of his songs and his ScotlarKTs Skaith,

or the UUtory of Will and Jean, a narrative poem intended

to 8"now the deteriorating influences of whisky and pot-

house politics, which appeared in 1795, and at once made

its author popular, having passedthrough fourteen editions

within the year. A sequel, The Ways of War, appeared

next year, and in 1799 The Links of Forth, or a Parting

Peep at tlie Carse of Stirling, a somewhat feeble descriptive

poem, intended as a parting tribute to his kind host before

his own departure for Jamaica. Not long after his arrival

an early friend settled on him an annuity of £100, which

enabled the poet to return soon aft'jrwards to Scotland,

tnd so close his long struggle against adversity with fifteen

J^ears of comparative comfort at Edinburgh.

In 1800 he published The Memoirs of Charles ilacphtrson, Esq.,

& novel understood to be a close narrative of his own hardships and

adventures. His later works, which added little to his fame, were

—The Pastoral or Lyric Muse of Scotland, 1809 ; two anonymous

works in verse entitled Toion Fashions, orModem Manners Deline-

ated, and Byegone Times and Latecome Changes, and The Scottish

Adventurers, a novel. He left behind an autobiography still un-

published, but of which an abstract appeared in Blackwood's Maga-
'

: for December 1818. A complete edition of the poems he wished

but ane," "The plaid amang the hether," and " Jeanie's black e'e,

will live, spite of Allan Cunningham, for their sweetness and sim-

plicity, while his JVill and Jean, quite apart from its excellent

intention and tendency, will maintain a place among the most

characteristic prod actions of the Doric Muse in Scotland.

MACON, the capital of Saone-et-Loire, Fi-ance, occupies a

gently sloping site on the right bank of the Sa&ne, 41 miles

north of Lyons. It is connected by a bridge of twelve

arches with the suburb of St Laurent on the opposite bank

of the river. The site is sheltered and the climate mild,

but the locality is subject to sudden changes of tempera-

ture. Of the public buildings of Macon the most pro-

minent is the old church of St Pierre, reconstructed in

1866,—a three-naved basilica, 328 feet in length, with two

6ne spires. Of the old cathedral, destroyed at the Kevolu-

tion, nothing remains but the faqade, portions of the two

towers, and a narthex of tlie 1 2th century, now used as a

chapeL The old episcopal palace, which has been rebpilt,

is now used as the prefaoture. The hospital is from

designs by Soufflot; the )yceum bears the name of

Lamartine (a native of Macf n, to whom there is a statue).

The town house contain? a library of 7000 volumes, and

a museum. Macon is t railway centre of considerable

importance, being the poitit at which the line from Paris

to Marseilles is joined by that from Mont Cenis and
Geneva, as well as Vy a branch from Digoin. The
industries of the plac .nclude brass-founding, the manu-
facture of agricultural implements, weighing-machines, and
the like, printing, draing, and the production of faience.

The principal articl°-:j of commerce are wine, barrels and
hoops, and grain, ''.'he population in 1876 was 17,570

Kacon (Matisco) W5=. an important town of the .Sdui, but under
the Romans it was si.pplanted by Autun and Lyons. It suffered

a succession of disafcersat the hands of Germans, Burgundians,
Vandals, Huns, Hungarians, and even of the Carlovingiau kings.

In 1228 it was sold to the king of France, but more than once
afterwards passed into the possession of the dukes of Burgundy,
antil the ownership of the French crown was fixed in the time of

Ix)uis XI. In the 16th century Macon became a stronghold of
the Huguenots, tided with the League, and did not yield to Henry
IV. until 1594. The bishopric, created by King Childebert, was
suppressed in 1790.

MACON, a city of the United States, the chief town of

Bibb county, Georgia, is situated on rising ground in the

midst of a bi;autifully wooded country on both sides of the

Dcmulgee river, a navigable headwater of the Aitamaaa,
about 80 mdes south-east of Atlanta. It is well laid out

with tree-bordered streets, often 180 feet wide, and pos-

sesses since 1870 a fine central park, on the formation

of which §125,000 were expended. The principal institu-

tions in the town are the State academy for the blind

(1852), the Mercer university (a Baptist foundation, 1838),
the Wesleyan Female College (1839), the Pio Nono (Eomaa
Catholic) College, and the Southern Botanico-Medical

Institute. As an important junction for the Georgia, the

Georgia Central, and the South-Western Railways, and com-
municating with the coast by the direct line to Brunswick^
ilacon enjoys great facilities for trade ; and, besides its

extensive railway machine-shops, it has cotton factories, iron

foundries, flour-mills, and sash and blind factories. • The
annual fair held in the Central Park is the great meeting-

place of the Georgian planters. From 5720 in 1850 the

population has steadily advanced to 8247 in 1860, 10,810
in 1870, and 12,748 in 1880. The foundation of the

town dates only from 1823.

MACPHERSON, James (1738-1796), the "translator"

of the Ossianic poems, was born at Ruthven, Inverness,

Scotland, in HSS^ was educated in his native village and
at King's College, Aberdeen, and from 1756 taught the

school of Ruthven for some time. In 1758 he published

a poem entitled the Highlander, and about the same period

contributed several minor pieces to the Scots Magazine,

In 1759, while residing with a pupil at Mofiat, he became
accidentally known to Dr Carlyle of Inveresk and Mr
Home, the author of Douglas, both of them already

interested in the subject of ancient Highland poetry; some
fragmentary "translations" from the Gaelic, which in the

c5urse of a few days he supplied to Home, were niuch

appreciated in the literary circles of Edinburgh, and in

1760 a volume was published by Macpherson, entitled

Fragments of Ancient'Poetry collected 171 the Highlands of
Scotland, and translatedfrom the Gaelic or Erse Language,

with a preface by Dr Blair. A sum of money was now
subscribed by the faculty of advocat.es for the purpose of

enabling Macpherson to go to the Scottish Highlands in

search of other fragnients, and the result of his labours was
the publication at Londpn in 1762 of Fingal, an Epic
Poem, in six boohs, with other lesser Poems, dedicated to

Lord Bute ; this was followed in 1763 by Temora, in eight

books, with several other poems. For the real character

of these publications see Celtic Liteeatuke, voL v. p.

313-4. At the time of their appearance they greatly

advanced the translator both in fame and fortune ; in 1764

he was appointed surveyor-general of the Floridas, and on

his return to England two years afterwards he waa
permitted to retain for life the salary of the office. In

1771 he published An Introduction to the History of Great

Britain and Ireland, and in 1775 A History of Great

Britain from the Restoration to the Accession oj the House

of Hanover {i vols. 4to) and Original Papers containing

the Secret History of Great Britain for the same period

(also in 2 vols. 4to). His translation of the Iliad,

published in 1773, was greatly praised by Robertson and

others in Scotland, but met with a severe reception in

England, and has not stood the test of time. About 1779

he was appointed to the lucrative post of agent for the

nabob of Arcot, and from 1780 onwards he sat in parlia-

ment for the borough of Camelford. He died at Belleville,

an estate which he had recently purchased in Inverness,

on February 17, 1796, and was buried in the Poets' Cornet

at Westminster Abbey. His will had provided for the

publication of the Ossianic poems in the original Gaelic,

which he is understood to have been preparing for the

press at the time of his death ; and the work accordingly

appeared in 3 vols. 8vo, in 1807, with a literal translation

ijito Latin, by Robert Macfarlane, and a dissertation oi>

the authenticity cf ths pocm-s, by Sir John Sinclair.
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MACREADY, William Chaeles (1793-1873), was
born in London 3d March 1793, and educated at Rugby.

His intention was to proceed to Oxford, but the embarrassed

affairs of his father, the lessee of several provincial theatres,

called him to share the responsibilities of theatrical man-
agement, in which he showed great prudence and address.

In 1810 ho made a successful debut as Romeo at Birming-

ham ; and the fame which he had acquired in the provinces

gave exceptional interest to his appearance in 1816 at

Covent Garden, in the character of Orestes in the Distressed

Mother. In London his choice of characters was at first

confined chiefly to the romantic drama, but he showed
his capacity for the highest tragic parts when he played

Richard III. at Covent Garden in 1819, and in the follow-

ing year his performance of Virginius, in the new play of

Sheridan Knowles, assisted to give solidity to his reputa-

tion. Transferring his services to Drury liane, ho gradu-

ally rose in public favour, till, on the retirement of Kean
and Young, he was regarded as the legitimate successor

of these tragedians. In 1826 ho completed a successful

engagement in America, and in 1828 his performances

met with a very flattering reception in Paris. Already
he had done something to encourage the creation of a
modern English drama through the interest awakened
by his performances in Virginius, Gains Gracchus, and
William Tell, and after entering on the management of

Covent ' Garden in 1837 he introduced, besides other

new plays, Bulwer's Zadi/ of Lyons and Richelieu, the

principal characters of which were among his most eS'ective

parts. Both, however, in his management of Covent
Garden, which he resigned in 1839, and of Drury Lane,

which he held from 1841 to 1843, he found his designs

for the elevation of the stage hampered and finally

frustrated by the sordid aims of the proprietors and the

absence of adequate public support. In 1843-44 he made
a prosperous tour in the United States, but his last visit

to that country, in 1849, was marred by a riot at the

Astor Opera House, New York, arising from the jealousy

of the actor Forrest, and resulting in the death of twenty^

two persons, who were shot by the military called out to

quell the disturbance. Macready retired from the stage in

1851 ; and the remainder of his life was occupied chiefly

in superintending the education of his family, and in

schemes for the welfare of the poorer classes. He died at

Cheltenham 27th April 1873.

Macready's performances always displayed fine artistic perceptions

developed to a Vjh degree of perfection by very comprenensive cul-

ture, and even Ixs least successful personations had the interest

resulting from thorough intellectual study. He belonged to the
school of Kean rather than of Kcmblo ; hut, if his tastes were
better disciplined and in some respects more refined than those of

Kean, his natural temperament did not permit him to give pro-

per effect to the most characteristic features of the gieat tragic

parts of Shakespeare, King Lear perhaps excepted, which in

some degree afforded scope for his pathos and tenderness, the
qualities in which ho specially excelled. With the exception of a
voice of good compass and capable of very varied expression,

Macready was not in a special degree gifted physically for acting,

but the defects of his face and figure cannot be said to have mate-
rially influenced his success. He created a considerable number of

parts, which still retain their hold on the stage, and, although not
oy virtue of natural genius worthy of a ])laco among tragedians of

the first rank, he is almost entitled to this on account of the high
degree of perfection to which he had cultivated his powers, and
from the fact that there is no tragedian of the second rank who can
be named his equal. See Mamafbj's Jleminisccnccs, edited by Sir

Frederick Tollqck, 2 vols., 1875.

MACROBIUS, Ambrosius Theodosius, a Roman
grammarian and philosopher, who wrote towards the

beginning of the 5th century after Christ. He is described

in the superscription of the best MSS. as vir claiHssimus et

xllnalris ; hence it has been supposed that he is tho

Jlacrobius who was jirscfectiis prsUorius Iliapnniaruin in

399 A.D., proconai'l of Africa in 410, and chamberlain

(prsepoiitus sacri cubiculi) in 422. But the tenure of
high ofijce at that date was limited to Christians, and there
is no evidence in the writings of Macrobius that he was a
Christian. On the contrary, he shows great interest in the
deities of paganism; his friends seem to have belonged
wholly to the pagan party; and his philosophical views
are those of the Neo-Platonists. Hence the identification

is more than doubtful. It is possible, but by no means
certain, that ho was the Theodosius to whom Avianua
dedicates his fables. From the date of the persons v.'Lo

are mentioned by him as contemporaries, he appears to

have flourished in the time of Honoriua.

The most important of his works is the Cotiviviornnl

Saturnaliorum Libri Septeni, containing an account of the

discussions held at the house of Vettius Praeteitatus during
the holiday of the Saturnalia. The latter part of the

second book and the beginning of the third, the second

half cf the fourth book, and the end of the seventh have
been lost ; otherwise the work is in fairly good preserva-

tion. It was written by the author for the benefit of his

son Eustachius, and contains a great variety of curious

historical, mythological, critical, and grammatical disquisi-

tions, the value of which is much increased by the frequent

quotations from earlier writers. The machineiy is some-
what cumbrous ; for, as in some of Plato's dialogues, the

discussions are not directly reported, but a certain

Postumianus reproduces, for his friend Decius, the account

which he had received from a rhetorician Eusebius, who
had been present at them. There is but little attempt to

give any dramatic character to the dialogue ; in each book
some one of the personages takes the leading part, and the

remarks of the others serve only as occasions for calling

forth fresh displays of erudition. The first book is devoted

to an inquiry as to the origin of the Saturnalia and the

festivals of Janus, which leads to a history and discussion

of the Eoman calendar, and to an attempt to derive all

forms of worship from that of the sun. The second book
begins with a collection of bons mots, to which all present

make their contributions, many of them being ascribed to

Cicero and Augustus ; it then appears to have passed into a
discussion of various pleasures, especially of the senses ; but

almost the whole of this is lost. The third, fourth, fifth,

and sixth books are devoted to Virgil, dwelling respec-

tively on his learning in religious matters, his rhetorical

skili, his debt to Homer (with a comparison of the art of

the two) and to other Greek writers, and the nature and

extent of his borrowings from the earlier Latin poets. The
latter part of the third book is taken up with a disserta-

tion upon luxury and the sumptuary laws intended ti>

check it, which is probably a dislocated portion of the second

book, being entirely out of place where it stands. The
seventh book is of a more miscellaneous character, consisting

largely of the discussion of various physiological questions.

The value of the work consists solely in the facts and

opinions quoted from earlier writers, for it is purely a com-

pilation, and has little in its literary form to recommiud it

We have also two books of a commentary on the

Somninm Scipionis narrated by Cicero in his De RepubUca.

The nature of the dream, in which the elder Scipio appears

to his (adopted) grandson, and describes the life of the

good after death and the constitution of the universe

from the Stoic point of view, gives occasion for Macrobius

to discourse upon many points of physics in a series of

essays interesting as showing the astronomical notions then

current. The moral elevation of the fragment of Cicero

thus preserved to us gave the work a popularity in the

Middle Ages to which its own merits have little claim.

There is a good critical edition of Macrobius, with a commentary
by L. van .Ian (2 vols. , Leipsic, 1848-52), and a convenient and
excellent edition of the text Dy F. Eysseuhardt (Leipsic, 1868).
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MADAGASCAR, an important islaad in the Indian

Ocean, and the third largest island in the world is about

300 miles frum the south-east coast of the African con-

tinent, from which it is separated by the Mozambique
Channel. It is 980 miles in length from north to south,

the northern point. Cape Ambro, in 12° S. lat., inclining

16° to the east from the longitude of Cape St Mary, the

Southernmost point, in 25° 35' S. lat., so that the main
axis of the island runs from north north-east to south-south-

west. The broadest portion of Madagascar is near the

centre, where it is nearly 350 miles across, and there it is

Dnly 230 miles distant from the African coast. From this

part of the island its northern half forms a long irregular

triangle, while south of it the average breadth is about

250 miles. Its total area is nearly 230,000 square miles,

or not quite four times the extent of England and Wales.

Although known to Arab merchants for more than a

thousand years past, and frequently visited by Europeans
since the beginning of the 16th century, Madagascar is

still but imperfectly explored. A careful survey of the

coast was made in 1823-25 by Captain W. F. W. Owen,
R.N., but all maps of the interior up to about ten years

ago were constructed on the most insufficient data. But
during the last dec\de many portions of the island pre-

viously unknown ha\e been traversed by missionaries and
naturalists, and maps, more or less detailed, have been

prepared of a considerable portion of the interior. Con-
spicuous in this work have been the missionaries of the

London Missionary Society and the Friends' Foreign

Mission, especially the late Rev. Dr Mullens, whose large

map, published in 1879, embodied all that was known up
to that date, and also M. Alfred Grandidier, a French
traveller and scientist, whose great work on the island is

now in process of publication.

Bnys. Madagascar has a very regular and compact form, with
but few indentations considering its great extent of shore-

line. Along two-thirds of its eastern side the coast is

almost a straight line, without any inlet, for Tamatkve and
Focle Pointe, which are the most frequented ports on this

side of the island, are only open roadsteads protected by
coral reefs. North of this, Tiowever, is Antongil Bay, a
deep and wide inlet running northwards for about 50
miles ; farther north is Port Louquez, and at the extreme
point of the island is Diego Suarez Bay, one of the finest

harbours in the world. The north-western side of

Madagascar is broken up by a number of spacious inlets,

some of them landlocked and of considerable size. Going
southward, these are the bays of Chimpaiky, Pksandava,
Port Radama, Narinda, Majambo, B«mbat6ka, and Ib6ina,

as well as the estuaries of some of the rivers. South of

Cape St Andrew, the north-west angle of the island, there

is nothing else in the shape of a gulf until we reach the

sstuary of the river Onilahy, or St Augustine's Bay.

Rounding the southern end of the island, we find no other

inlet until we come to the small bay of Itapira near Fort
Dauphin, at the southern extremity of the straight line of

coast already mentioned.

The islands around Madagascar are few and unimportant
The largest are St Marie's, near the eastern coast, a narrow
island about 30 miles long, and Nbsibd, larger and more
compact in form, opposite Pasand.^va Bay on the north-

west coast. Except the Minnow group, north of Nosibd,

the rest are merely rocky islets, chiefly of coral.

Much light has been thrown upon the physical

geography of Madagascar by recent explorations. In most"
accounts, up to a very short time ago, a "central mountain
chain " is described as running throughout the island as ^
sort of backbone from north to south ; and most maps
show this, with numerous branches extending in various

directions. It is, however, now quite clear that instead |

•of 'Am supposed mountain chain there is en elevated

mountainous region, from 3000 to 5000 feet in altitude,

occupying from a third to two-fifths of the whole interior,

but lying more towards the north and east. Around th's

upper region are extensive plains, at a much less elevation

above the sea, and most developed on the western side of

the island, and in its southern portion beyond 23° S. lat

But this lower region is not entirely level, as it is broken

up towards the west 'by three prominent lines of hills

running north and south. See Plate IV.

The shores of the greater portion of the southern halt

of the island are low and flat, but in the northern liall

much of the coast is bold and precipitous, the high land

often approaching the sea. On the eastern side the plains

vaiy from 10 to 50 miles in breadth, but on the we.stern

side they often exceed 100 miles across. From these coast

plains the ground rises by successive ranges of hills to the

high interior land. This elevated region is broken up in

all directions by m&untains, the highest in the island being

centrally situated as regards its length, but more to the

eastern side. These are the summits of the basaltic mass
of Ankiratra, four of the peaks ranging in elevation from
8100 to 8950 feet above the sea, and from 3900 to 4700
feet above ihi general level of the surrounding country.

The loftiest of these is named Tsi-afa-jivona, i.e., " that

which the mists . cannot climb." Besides these highest

foints there are a considerable number of mountains in the

central provinces, varying in height from 5000 to 7000
feet, the highest as yet measured being livohiika ("the

Lofty defying one"), 7100 feet high, about 30 miles west-

south-west of Ankiratra, and the highest point of a

remarkably rocky and rugged district named Vavavtito

("Stouemouth"). There are also very many lofty and

grand peaks in the B^tsildo province, some, it is said, nearly

8000 feet high; and in the Bkra country the Isilo

mountains are compared by a recent traveller to the
" Church Buttes " and other striking features of the scenery

of Utah, on the line of the Pacific Railway. One of the

grandest of all the Madagascar peaks is an isolated

mountain near the northern point of the island, called

Amber or Ambohitra. This is said to be more than 6000
feet high, and, rising, not as do thpso before-mentioned,

from an elevated plateau, but from plains little above the

sea-level, is a remarkably majestic hill as observed from
every direction, and is well seen far out to sea.

In the elevated region of Madagascar are many fertile

plains and valleys. Among these are BcStsimititatra in

Im^rina, and Tsi^nimparlhy in Bitsilto, supplying a large

proportion of the rice for the capitals of these two pro-

vinces. Still more extensive valleys are the pUin of the

Antsihinaka country, the valley east of Angkvo, and the

Ankiy district between the two eastern lines of forest (all

of which are one step downwards towards the lower coa.st

plains), and the valley east of the Bdmaraha range in the

Sikaliva country. Sections across the central portions of

Madagascar show that there is a somewhat saucer-like

depression in the centre, the eastern and western edges

rising higher than the enclosed space. The eastern ridge

is the higher of the two, so that the watershed for a con-

siderable distance is much nearer the eastern than the

western siie, averaging from 50 to 80 miles from the sea.

The country is well watered, even in the highest ranges

of the interior, the abundant rainfall giving a perennial

supply to the innumerable springs and streams. There
are, therefore, no extensive districts that can be called desert,

except parts of the west and south-west provinces, where
the rainfall is scanty. The extreme southern portion- is

also reported to be arid, but as yet little h sccuratf'

known of this part of the country.

ia is necessarily the casfl from the physical confcK-.t
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of the interior, the chief rivers flow to the west and uurtL-

west sides of the islaud. The eastern streams are all less

in size, except the Mangoro, which flows for some distance

parallel with the coast. Few of them, therefore, are of

much service for navigation, except for the light^lraught

lative canoes, and almost all of them are more or less

closed at their outlets by sand-bars. Commencing at the

southern point and going northward, on the eastern side,

the principal rivers are the iMananara, MJinambavii,

Matitanana, Miinanjara, Oniv(5 and Mang6ro, j\Ianing6ry,

Rud the Anjihauanibo at the head of Antongil Bay,

besides numerous smaller streams. On the north-west

coast, going southward, are the Sofia and MihajAmba,

falling into MajJimbo Bay, the B6tsib6ka with the Ikiopa,

—the great drains of the northern central provinces, and

forming unitedly the second largest river of the island and

falling into Btimbatoka Bay,—the Minjariy, Miinambilo,

Tsiribihina or Onimiinty, the largest river of Madagascar,

draining by its tributaries the Kits.'imby, MihajUo, and

Mania the central parts of the island, the Murondiva,

Miharivo, Mangoky, the third largest river, the JIahan6mby,

Fihcrcnana, and Onilkhy.

Of these western rivers the Betsib6ka could be ascended

by steamers of light draught for about 90 miles, and the

Tsiribihina is also navigable for a considerable distance.

The former is about 300 miles long ; the latter is somewhat
less, but by its afiJuents spreads over a greater extent of

country. It brings down so large a body of water that the

sea is said to be fresh 3 miles from the land. But owing

to the height of the interior of Madagascar there is no

oninterrupted water-communication with it from the sea

by any of the rivers, which are all crossed by rocky bars,

and in .^ome cases by grand waterfalls, as on the Mania.

The eastern rivers cut their way through the ramparts of

the high land by magnificent gorges, amidst dense forest,

and descend by a succession of rapids and cataracts. The
Miititi'mana, whose falls were first seen by the present writer

in 1876, descends at one plunge some 400 or 500 feet.

On the eastern side of Madagascar the contest between

the fresh water of the rivers and the sea has caused the

formation of a long chain of lagoons for nearly three hundred

miles, [n many parts these look like a river following

the coastline, but frequently they spread out into extensive

sheets of water. So short is the distance between these

that, by cutting about 30 miles of canal to connect them,

ft continuous water-way could be formed for 2C0 miles along

the coast. This will doubtless bo accomplished at some
future time, with great 'benefit to the commerce of the

country. Besides these lagoons, there are few lakes of

»«iy size in Madagascar, although there were probably

some very extensive ones in a recent geologi<«l epoch.

Of one of the largest of these the Alaotra Lake in the

Antsihanaka plain is the relic ; it is about 25 miles long.

Next comes Itasy, in western Imdrina, about 8 miles long

;

and a large lake is reported by the natives to be formed by
an expansion of the river Manguky. Two salt lakes are

said to exist near the south-west coast.

Among the many new facts brought to light by rjcent

research in Aladagascar is the evidence of very wides[jread

and powerful subterranean action throughout a great part

ef the island, apparently extending almost unbroken from
the south-east to the north-west and extreme north. This

volcanic belt is part of a line which ha: its northern

extremity in the Comoro Islands, all of which are volcanic

in origin, and where, in Great Comoro, there is a still active

rent. There is i.ow no active volcano in Madagascar, but

a large number of extinct cones have been observed in

/arioua pai lo of the countrj*. In the centra! province of

Im(^rina, within an arc of about 00 milc3 lound the mass of

Aukfiratra, Dr Mullens coubted a huodrsd cratera Others

are found farther north, in the Autsihknaka province and
the Mandritsira valley, and on the north-west coast and

its islands, the great mountain Ambohitra being an old

volcano. Others have been observed towards the southern

extremity of the higher region of the island, as well as

columnar basalt, and beds of lava rock, pumice, and ash.

Slight shocks of earthquake -are felt every year in

Iiladagascar, and other signs of subterranean action are

evident in the hot springs which occur at several places ia

the central and eastern provinces. Several of these are

sulphurous and medicinal, and have been found efficacious

in skin diseases.

The geology of Madagascar has as yet been very imper-

fectly investigated, for few travellers have possessed the

special scientific knowledge requisite to give much value

to their observations ; and hardly anything has yet been

done towards making collections of fossils, or in procuring

sijecimens of rocks and minerals. There are, however, a

few facts of a general character which are easily recogniz-

able. In the first place, the upper region of the island

already mentioned appears to consist chiefly of Primary

and unstratified rocks—granite, gneiss, and basalt—which

form the highest points of the hills, and present most

varied and picturesque outlines, resembling titanic castles,

cathedrals, domes, pyramids, and spires. The general face

of the country consists of bare rolling moors, with a great

amount of bright red and light brown clays, while the

valleys have a rich vegetable soil of bluish-black alluvium.

No stratified or fossiliferous rocks have yet been discovered

in this upper part of the island, which appears to be very

ancient land, and during portions of the Secondary and

Tertiary periods probably formed the entire island, then

about from a third to two-fifths of its present size, while

the extensive southern and western plains were again and

again submerged.

The lower portions of Madagascar qo not, as far as is

yet known, much exceed from 300 to 600 feet in height

above the sea-level (except, of course, the three chains of

Lills in the south-west). They appear in several localities

to consist of strata of the Secondary period, with fossils of

the Neocomian age belonging to the genera Kerinea,

Turritdla, Ammonites, TcrebraUda, Hhynconella, Keritina,

and Echinoderms, and also Foramiiiifem of the genera

AlveoUna, Orbitoides, Triloculimi, kc. There are also beds

of a much later age, containing fossils of recently extinct

gigantic tortoises, hippopotami, and struthious birds. In

addition to the rocks already mentioned as found in the

higher portions of the island, there are also slate, mica schi.st,

greywaoke, chert, pink and white quartz, and an unstratified

limestone deposited by hot springs. Iron exists in great

abundance in the central parts of the country, and copper

and silver are said to have been found in sinall quantities,

but are not worked. Antimony seems to be plentiful in

the north, and rock-salt, iron pyrites, plumbago, and various

ochres and coloured earths are among the mineral products.

On th3 north-west coast thin beds of lignite, suitable for

steam coal, occur, but no true coal has yot been discovered.

The climate varies very much in different parts of the

country. In the high interior iiistricts it resembles that

of the temperate zones, with no intense heat, and is quite

cold during the nights in winter. The.'^o parts of the

island are then fore tulorably healthy for Europeans. But

the coasts are much hotter, especially on the western side ;

and, from the large amount of marsh and lagoon, malarial

fever is pre valent, and frequently fatal both to Europeans

and to natives from the interior. The seasons are two—
the hot and rainy season from November to April, and the

cool and dry season during the rest of the year. Rai»

indeed falls almost all the year round on the eastern coast

which b exposed to Uie va^uui-ltulen south-east trad



170 MADAGASCAR
winds, but it is much less frequent on the western side,

being intercepted by the high interior land. No snow is

known even on the loftiest mountains, but thin ice is very

occasionally found ; and hail showers, often very destruc-

tive, are frequent in the rainy season. Terrific thunder

storms are also common at thai period ; waterspouts are

sometimes seen, and hurricanes occur every few years, at

very rare intervals ascending into the interior high land.

Very few extended or complete observations have been

made in diU'erent parts of the island as to temperature.

On the eastern coast the heat is probably not very different

from that of Bourbon and Mauritius, whera the average

annual mean is 77" and 78° in the shade, and the average

daily range from 70' at sunrise to 86° in tho afternoon.

The tempecature of the capital resembles that of Naples or

Palermo.

Tho flora of jMadagascar is one of great fulness .and

interest, and recent collections have thrown much light

upon its relationships. One of the most prominent

features is the existence of an almost unbroken belt of

dense forest all round the island, at no great distance from

the sea, and generally following the coast-line. It appears

to be continuous everywhere except on the north-west

coast, where, however, the two lines overlap for about 100
miles, leaving an opening of 70 miles wide between them.

This forest belt has an average breadth of from 15 to

20 miles, but reaches 40 miles in the north-east, and
contains a large variety of hard-wooded and valuable timber

trees, as well as numerous species of palm, bamboo, tree-

f Tn, euphorbia, pandanus, baobab, tamarind, &c. Ferns

STB numerous, about two hundred and fifty species having

been already collected, and there are many interesting

orchids. The vegetation of the forests, the abundant
epiphytes, the tree-mosses, the filmy ferns, and the

viviparous character of many of the ferns, show clearly

how abundant the rainfall is in the forest region. Several

trees and plants are characteristic of Madagascar vegetation

;

some of them are endemic, and others are very prominent
features in the landscape. Among these are the traveller's-

tree {Urania speciosa), with its graceful crown of plantain-

like leaves growing in a fan shape at the top of a lofty

trunk, and supplying a quantity of pure cool water, and
every portion of it being of some service in building ; tlie

rofia palm {Sagus linffia), from whose pinnate leaves a
valuable fibre used for cloth is obtained ; the curious and
beautiful lace-leaf or lattice-leaf [Ouiirandra fenestrali^, a
•water plant whose root is edible; the Madagascar spice

(Ravintsara viadagascaricnns), a large forest tree with

fragrant fruit and leaves; and the tangdna {TangMnia
veneniflua), formerly so destructive to life from its employ-
ment as a poison ordeal. Although flowers growing on
the ground are not remarkable for number or beauty, there

are many magnificent flowering tress ; conspicueus among
these are the Poinciana regia, presenting, when in bloom,
a mass cf scarlet flowers ; Cohillia racemosa, with yellow
flowers ; Cryptoslegia madagascay-iensis, a pnrple-flowered

creeper, and several species of Hibiscus, Mascarenhasia,
Kitchingia, Tachiademis, &c. There are large numbers of

spiny and prickly plants, and numerous grasses, reeds, and
rushes, many of them of great service in the native manufac-
tures. Mr J. G. Baker of Kew says :

—" We now know no
less than two thousand flowering plants, and among the
tropical types there are'a considerable number of endemic
genera. One natural oitler, Chlxnacex, is strictly confined
to Madagascar, and there are not less than fifty peculiar

genera of plants, some of them very curious types. Besides
these the tropical flora contains a large proportion— (1) of

endimicspeciesof genera not known elsewhere; (2)of species

cora.non to Madagascar, Jlauritius, and Bourbon, but not

kno-vn elsewhere ; (3) of species that spread across tropical

Africa
; (4) of species spread universally through the tropics

of the Old World ; and (5) of species spread through the

tropics of both hemispheres. A small proportion of the

Madagascar species are Asian but not African ; and the flora

of the mountains corresponds closely with that of the great

ranges of the tropical zone of Africa.'' "In the island

altogether, the number of genera now known is about seven

hundred ; of these about eighty are supposed to be endemic,

as far as present knowledge extends." " The general plan

of the flora follows thoroughly the same lines as that of

the tropical regions of the Old World," and thus leads to

somewhat difierent conclusions to what are suggested (as

will be presently seen) by a study of the fauna. It is,

however, probable that the flora is as yet not half known,

so that fuller research may modify some of the inferences

drawn from the collections now available.

Among tho food-giving plants are rice—the staff of life food-

to the ^lalagasy—in several varieties, maize, millet, gi^inp

manioc, yams, sweet potatoes, and numerous vegetables P''"^'^

of European introduction. The fruits, indigenous and
introduced, are the banana, peach, loquat, mango, melon,

pine-apple, mulberry, orange, citron, lemon, guava, Chinese

guava, fig, raspberry, tomato, and several others. Several

spices are grown; ginger, sugar-cane, cofi'ee, indigo, to-

bacco, cotton, hemp, gourds, dye-woods, and -gums are also

among the vegetable productions ; and gum-copal and india-

rubber have been exported in considerable quantities.

Besides the dense forest belt already mentioned, a great

extent of the coast plains is also well wooded, as well as

the river valleys in the upper parts of the island ; and, as

many portions of the country, especially of the forests,

have not yet been traversed by Europeans, its vegetable

wealth is probably still far from being fully known.

The fauna of Madagascar, while deficient in most of the

characteristic tropical forms of life, is one of great interest

to the naturalist. As a continental island, probably

separated at a very remote period from the mainland, it

possesses no large quadrupeds—none of the larger car-

nivorous, ungulate, proboscoid, or quadrumanous. animals;
but it is the headquarters of the Ltmuridx, no less

than thirty-six of which animals are found in its forests

and wooded plains. Some of these creatures are bighly

specialized, while the curious aye-aye {Chiroinys madagasca-
y-iensis), an allied form, is one of the most remarkable animals

known, forming a genus aud family by itself. Its whole
structure is strangely modified to enable it to procure the

wood-boring larvre which form its foo'd. • Other peculiar

animals are several species of the Centeiidx, a family of

the Tnsectivora which is almost confined to Madagascar;
while of the Carnivora there are several small creatures

belonging to the civets {Viverridx). The largest of the

ferocious animals, also, forming a genus and family by
itself, is the C'ryptoprocta ferox ; it is a plantigrade animal,

3 feet long, but very like an enormous weasel, and
attacks the largest animals with great ferocity. African

humped cattle were introduced several hundred years ago
into Madagascar, and now exist in large herds all over the

island. The fat-tailed sheep, goats, and swine have also

been naturalized, as well as all kinds of domestic poultry,

which are reared in great abundance for export as well

as for home consumption.

Tho avi-fauna is much richer than the mammalian, and,

although wanting the largest birds, as well as the most
brilliantly coloured, comprises more than two ^hundred and
twenty species, nearly half of which are peculiar to the isLand,

Many of the birds are remarkable, not so much for their shape
or colouring as for their distant relationships ; many belong
to peculiar genera, and some are so isolated that it is very

difficult to classify them, and they yet remain a puzzle to

ornithologist& There is a larae variety of perching birds,
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including Be-veral species of brilliant plumage—sun-bird?,

iingfishers, &c. ; kites, Lawks, and owls are numerous

;

and the lakes and streams abound with watei--foTrl.

Althougli there is now no living member of the Struihidce,

until four or five centuries ago Madagascar was the Lome
of a very largo bird of this family, the extinct JEpyornis,

whose eggs, found in a sub-fossil state, are the largest known
{12} inches by %\ inches). The island is almost, if not

quite, free from deadly serpents, but contains two or three

Bmall species of boa ; crocodiles abound in the rivers and
lakes, and numerous species of lizard, chameleon, and
tree-frog inhabit the woods. There are several peculiar

tortoises, but the gigantic species are extinct on the

mainland, and are now only found alive on the little

island of Aldebra to the north. The insect life coni-

"prises many brilliantly coloured beetles, butterflies, moths,

"spiders, locusts, and flies, and also noxious spiders, and
scorpions and centipedes. As a whole, the Madagascar

"fauna is marked by a strong individuality, which w-ould

appear to be the result of long isolation from the other

zoological "regions."

Numerous interesting questions suggested by tlie peculiar

fauna are closely connected with the physical geography

cf the island, and that of the numerous groups of small

Islands to the north and north-east. The Asiatic and
JIalayan affinities of many of its animals, as well as the

])hysical conditions of the bed of the western part of the

Indian Ocean, make it highly probable that Madagascar is

the chief relic of a considerable archipelago formerly

occupying that area, and now only shown by groups of

email islands, and by coral atolls nnd »Loali, which are

gradually disappearing beneath the waves. These questions

have been most fully treated by j\Ir A. R. Wallace in hia

Oeor/raphieal Distribtifion of Animah (vol. i. chap, ix.^ and
hltind Life (chap. xii.).

The people of Madagascar, who are collectively known
by the name of Malagasy, are divided into a considerable

number of tribes, each having its own distinct name and
customs. Although by its geographical position the

countny is an African island, a large portion, if not the

majority, of its inhabitants appear not to be derived from
Africa, but to belong to the Malayo-Polynesian stock.

This is inferred from their similarity to the peoples of the

Indian and Pacific archipelagoes in their physical appear-

ance, mental habits, customs, and, above all, in their

language. Their traditions also point in the same direction.

There is, however, an undoubted African mixture in the

western and some other tribes ; and there is also an Arab
element both on the north-west and south-east coasts. It

is believed that there are traces of an aboriginal people

who occupied portions of the interior before the advent of

the present inhabitants, and these appear to have been a
somewhat dwarfish race, and lighter-coloured than the

Malagasy generally. Looked at as regards their present

geographical position, thb people of Madagascar may be

classed in three divisions : the eastern, including the

B^tsimisiraka, Bezinozhno, TanMa, TaisJika, and Taim5ro
;

the centra!, including the SihJinaka, Hibva, Bdtsileo, and
Bira ; and the western, comprehending a number of peoples

commonly known under the name of Sakaliiva, because this

tribe conquered all the others, but each of which retains

also its own proper name. Of all these the Hova, who
«ccupy the central province of Imdrina, are now the

dominant tribe; they appear to bo the latest immigrants,

and are the lightest in colour , and they are also the most
advanced, intelligent, and civilized of all the peoples

inhabiting the island.

As regards both language and customs, there appears

to be a wider difference between the Hova and all the

•surrounding tribes than exi?;» between any of these

latter, although living on opposite eides of the island,
far separate from one another. The most striking proof
of the virtual unity of the inhabitants of Madagascar
J3 that there is substantially but one language spoken
over the whole country. There are considerable dialectic

differences both in vocabulary and in pronunciation,
but there is no evidence that any other distinctly

different language was ever spoken in any part of the
island. The Malay affinities of JIalagasy were noted
more than two hundred and seventy years ago ; indeed, the
second and fifth • books published upon the country (in

1C03 and 1G13) were comparative vocabularies of these
two languages. Fuller and later investigations have quite
confirmed the conclusions thus early arrived at ; and very
recently Van der Tuuk, Marre de Marin, and W. E.
Cousins have shown conclusively the close relationships

which exist between the language of the ^Malagasy and
those of the Malayan and Polynesian regions. The
Malagasy had never invented for themselves a written

character, and had consequently no manuscripts, inscrip-

tions, or books, until their language was reduced to vn-iting

by English missionaries about sixty years ago.^ Their
speech nevertheless is very full in many of its verbal and
other forms, while it also exhibits some curious deficiencies.

It is very soft and musical in sound, full of vowels and
liquids, and free from all harsh gutturals. Native oratory

abounds in figures, metaphors, and parables; and within

the last five or six years a large number of folk-tales,

songs, and legends have been brought to light which,

together with the very numerous proverbs, give ample
evidence of the mental ability and imaginative powers of

the Malagasy.

While the people are not civilized in a European seUoC civiUza-

they are not a savage race, and some of the tribes can """•

hardly be classed among barbarous peoples. They have
never, for instance, fallen into the cannibal practices of

many allied races in Polynesia ; and the tribal instincts

are strong among all sections of the population. They are

law-obeying and loyal, living in settled communities, in

villages which are often fortified with considerable skill,

with a government of chiefs and elders, a development of

a primitive patriarchal system.

Native society in Im^rina among the Hova is divided Hanks of

into three great classes : the Andrlaua, or nobles; the H6va, "^""-''"'y-

freemen or commoners ; and the Andovo, or slaves. The
Andriana, however, although generally termed "nobles,"

are, strictly speaking, royal clans, being descendants of the

families of several of the petty kings or chiefs who once

ruled small divisions of the central province, and who were

conquered, or otherwise lost their authority, through the

increasing power of the ancestors of the present reigning

family. Their descendants have retained certain honours

in virtue of their royal origin, such as special terms of

•salutation, the use of the smaller scarlet -umbrella (the

larger one is the mark of royal rank), the right to build a
particular kind of tomb, kc; they also enjoy exeoiption

from certain Government service, and from some punish-

ments for crime. There are six ranks of Andriana bei

sides the royal clan, and many members of the higher

ranks hold their lands on a kind of feudal tenure from

the sovereign. Thej' form a large proportion of the

people, whole villages being often occupied almost entirely

by them and their slaves, and they monopolize some
handicrafts. Many are very poor, and there are no ou^

ward distinctions in dress, «i:c., between them and the

people generally.

There is. however, nn account in one of the very earliest English

liiioks upon Madagascar (Hanioml, 1C13) of a kind of i.icture-writiug

which is .said to have been in use among the n.ativo "iniests" K'">r

St Augustine's Bay (south-west coast).
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The H6va^ or commoners form the mass of the free

Jiopulation of Im-^rina. They are composed of a large

number of tribes, who usually intermarry strictly among

themselves, as indeed do families, so that property and

land may be kept together. Hitherto they have also been

divided into two great sections—the bdroihio or civilians,

and the midtramila or military class ; but this distinction

does not follow tribal lines, members of the same family

belonging to both classes ; and the Andriana are also

almost all members either of the civilian or the military

orders.

The third great division of native society comprises the

slave population. Until the year 1877 it was also again

subdivided into three classes :—(a) the ZJiza-h6va, that is,

"offspring of the H6va," or free people who have been

reduced to slavery for debt or for political or criminal

offences; (6) the Andfevo, or slaves proper, mostly the

des(?endants of people of other Malagasy tribes who have

been conquered by the H6va, and thus have become their

slaves ; and (c) the Mozambiques or African slaves, whose

ancestors or they themselves have been brought across from

the African coast by the Arab slaving dhows. These last,

however, were in 1877 formally set free, and will be

henceforth mostly reckoned among the Hiva.

Royalty and chieftainship in Madagascar has many
peculiar customs connected with it. It stiU retains a semi-

sacred character, the chief being in heathen tribes, while

living, the high priest for his people, and after death

worshipped as a god ; and in its modern development

among the Hova sovereigns it has gathered round it much
state and ceremony. There are many curious examples of

the tahu with regard to actions connected with royalty,

and also in the words used which relate, to Malagasy

sovereigns and their surroundings. These are particularly

seen in every thing having to do with the burial of a

deceased king or queen. ^

While the foregoing description of native society applies

chiefly to the people of the central province of Im^rina, it

is more or less applicable, with local modifications, to most

of the Malagasy tribes, amongst almost all of whom similar

distinctions of rank are found. In modern 'times a kind

of non-hereditary nobility has arisen, derived from military

"honours"; and the tendency of recent changes in the

native government is to depress the old fendal authority

End influence, and to make it subservient to the army and
its officers.

The chief employment of the Malagasy is agriculture, a
large portion of their time being spent in the cultivation of

rice, their staple food. In this they show very great

ingenuity, the Icetsa grounds, where the rice is sown before

transplanting, being formed either on the margins of the

streams or in the hollows of the hills in a series of terraces,

to which water is often conducted fr6m a considerable

distance. In this agricultural engineering no people

surpass the B^tsildo tribes. No plough is used, but all

work is done by a long-handled spade; and oxen are only

employed to tread out the soft mud preparatory to

transplanting. The other processes are very primitive ;

the rice is threshed by being beaten in bundles on stones

set upright on the threshing-floor ; and when beaten out

the grain is stored by the H6va in rice-pits dug in the hard
red clay, but by the coast tribes in small timber houses

raised on posts to protect them from vermin. In prepar-

ing the rice for use it is pounded in a wooden mortar to

remove the husk, this work being always done by the

women. The manioc root is also largely consumed,

' This is, of course, a special and restricted nse of the word, H6va
in its widest sense beiog a tribal name, and including all ranks of

people in Im^rina—royalty, nobles, commoners, and slaves alike.

' Ses Sifcree, The Oreal African Island, pp. 185-90, 226, 227, &c.

together with several other roots and many vegetables;

but little animal food (save fish and freshwater Crustuceay

is taken by the mass of the people except at festival

times. Rice is used less by the western tribes than by
those of the central and eastern provinces, and the former
people are more nomadic in their habits than are the

others. Large herds of fine humped cattle are kept almost

all over the island.

The central and eastern peoples have a considerable

amount of manual dexterity. The women spin and weave,

and with the rudest appliances manufacture a variety of

strong and durable cloths of silk, cotton, and hemp, and
of rofia palm, aloe, and banana fibre, of elegant patterns,

and often with much taste in colour. They also make
from straw and papyrus peel strong and beautiful mats
and baskets in great variety, some of much fineness and
delicacy, and also hats resembling those of Panama. The
people of the south and south-east make large use of soft

rush matting for covering, .and they also prepare a rough
cloth of bark. Their non-employment of skins for cloth-

ing is a marked distinction between the Malagasy and tha

South African races, and their use of vegetable fibres an
equally strong link between them and the Polynesian

peoples. The ordinary native dress is a loin-cloth or

salaka for the men, and a Tcitd,mby or apron folded round
the body from waist to heel for the women ; both sexes

use over this the Itimba, a large square of cloth folded

round the body something like the Roman toffa. The
Malagasy are skilful in metal working ; with a few rude-

looking tools they manufacture silver chains of great

fineness, and filagree ornaments both of gold and silver.

Their iron-work is of excellent quality, and in copper and

brass they can produce copies of anything made by

Europeans. They display considerable inventive power,

and they are exceedingly quick to adopt new ideas from

Europeans.

There is a considerable variety in the houses of the Housf»

different Malagasy tribes. The majority of Hova houses a^^

are built of layers of the hard red clay of the country, with ""^S**

high-pitched roofs thatched with grass or rush. The chiefs

and wealthy people have Louses of framed timber, with

massive upright planking, and icfty roofs coveied with

shingles or tiles. The forest and coast tribes make their

dwellings chiefly of wood framing, filled in with the leaf-

stalks of the traveller's-tree,- with the leaves themselves

forming the roof covering. The houses of the Bitsil^o and
Sakalava are very small and dirty, but those of the coast

peoples are more cleanly and roomy. Among the H6va
and B^tsil^o the old villages were always built for security

on the summits of lofty hills, around which were dug
several deep fosses, one within the other. In other districts

the villages and homesteads are enclosed within formidable

defences of prickly pear or thorny mimosas.

The country is very deficient in means of communica-

tion. There are no roads or wheeled vehicles, so that all

goods are carried either by canoes, where practicable, oi

on the shoulders of bearers along the rough paths which

traverse the country, and which have only been formed by

the feet of the travellers. Intercourse between distant

portions of the island is therefore very limited, but a largo

quantity of European goods is brought up to .the capital

city and its neighbourhood, and a good deal of native pro-

duce is taken down to the coast. Commerce is gradually

increasing, as shown by the consular returns, the chief

articles of export being bullocks, rice, hides, rofia palm

cloths (rabannas) and fibre, and also gumcopal and india-

rubber, although the yield of these products has latterly

much diminished. Coffee is being planted to some extent

by Creole traders, and is likely to become a staple article

of export, and from the natural fertility of the soil almost
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unlimited quantities of most tropicp.l produce could bo

obtained—sugar, coflFee, rice, cotton, tobacco, indigo,

spices, &c. The chief imports are European and American
calicoes and prints, hardware, and spirits.' On the west

coast a sea-going canoe with outrigger is employed, but in

the south-east an ingeniously constructed boat, with all the

timbers tied together, is used for going through the heavy

surf. A. considerable number of European traders are

scattered along the coasts, especially at Tamative and

other eastern seaports, and there is a large Arab and

Indian community in the north-western ports. There is

no native coinage, but the French five-franc piece or

dollar is the standard, and all sums under that amount are

obtained by cutting up these coins into all shapes and

sizes, which are weighed with small weights and scales

into halves, quarters, eighths, twelfths, and twenty-fourths

of a dollar, and are even reckoned down to the seven-

liundred-and-twentieth fraction of the same amount.

Worals. Apart from the modern influence of religious teaching,

the people are very immoral and untruthful, disregardful

of human life and suflfering, and cruel in war. Until

lately polygamy has been common among all the Malagasy

tribes, and divorce effected in an absurdly easy fashion.

At the same time the position of woman is much higher in

Madagascar than in most heathen countries; and, since for

more than fifty years past there have been (with a few

months' exception) only female sovereigns, this has helped

to give women considerable influence in native society.

Among some of the tribes, as, for instance, the Bira, there

is often a shameless indecency of speech and gesture. The
southern and western peoples still practice infanticide as

regards children born on several unlucky days in each

month. This was formerly the general practice all over

the island. The old laws among the H6va were very

barbarous in their punishments, and death in various cruel

forms was inflicted for very trifling offences. Drunkenness

is very prevalent in many parts of the island (except in

Imdrina, where it is much restrained by the laws) ; and it

can hardly be said of many of the Malagasy that they are

very industrious. But, on the other hand, they are

courageous and loyal to their chiefs and tribe, and for

short periods are capable of much strenuous exertion.

They are affectionate and firm in their friendships, kind to

their children and their aged and infirm relatives, very

respectful to old age, most courteous and polite, and very

' The following tables will give some idea of the imports and ex-

ports in English vessels from Tamative, the chief eastern port of

Madagascar, to Mauritius during the last few years, since the country

has been reopened to European trade :

—

Exports. Imports.

1862 £70,707 £57,714
1865 66,873 40,082

1870 57,922 63,047

1872 154,659 145.258

1876 113,961 113,598

1877 64,882 69,680

The great diminution in the eastern trade during the last four or

five years was due to a fearful epidemic of small-pox, which desolated

the coast provinces and is said to have carried off 40 per cent, of the

population. Of these figures, in the exports, cattle form the largest

item, amounting fiom three-fourths in' early years to one-third more

recently of the total value ; and next to this comes india-rubber,

•which, in 1872, was exported to the v.aluo of £65,000. These figures,

however, by no means represent the whole trade of the country, as

they do not include French, American, and German commerce, nor

do they show what is the trade on the western side of the island. Mr
Samuel Procter, the consul for Madagascar in England, says that the

west coast h.as developed very much during the last five or six ycare,

and his opinion is "that the entire foreign trade with M.idagascar,

import and export, does not fall far short, if at all, of a million

pounds sterling." Wlien it is remembered that it is less than thirty

years since almost all foreign commerce was excluded, it will be seen

that Madag.ascar trailc lias devclopcil somewhat rapidly since the re-

opening of the country.

hospitable to strangers. Although slavery has existed

among them from time immemorial, it bears quite a

patriarchal and family character, and is seldom exercised

in a cruel or oppressive way. In 1877 all the African

slaves who had been brought into the island were formally

set free ; the other slaves are still retained in servitude,

but probably with the advance of Christianity slavery will

eventually pass away.

In their religious notions and practices the Malagasy

seem to occupy a middle position among heathen peoples.

On the one hand, they have never had any organized

religious system or forms of worship ; there are no temples,

images, or stated seasons of devotion, nor is there a priest-

hood, properly so called. On the other hand, they have

never been without some distinct recognition of a Supreme

Being, whom they call Andriamanitra, "The Fragrant

One," and ZanaMry, "The Creator,"—words which are

recognized all over the island. They have also retained

in their public and oratorical forms of speech many ancient

sayings, proverbial in their style, which enforce many of

the truths of natural religion as to the attributes of God.

With all this, however, there has long existed a kind of

idolatry, which in its origin is simply fetichism, the belief

in charms—worthless objects of almost any kind—as

having power to procure various benefits and protect from

certain evils. Among the Hova in modern times soma

four or five of these charms had acquired special sanctity

and renown, and were each honoured as a kind of national

deify, being called god, and brought out on all public

occasions to sanctify the proceedings. Together with this

idolatry there is also a firm belief in the. power of witch-

craft and sorcery, in divination, in lucky and unlucky

days and times, in ancestor worship, especially that of the

sovereign's predecessors, and in several curious ordeals for

the detection of crime. The chief of these was the cele-

brated tang^na poison ordeal, in which there was implicit

belief as a test of guilt or innocence, and by which, until

its prohibition by an article in the Anglo-Malagasy treaty

of 1865, thousands of persons, mostly innocent, perished

every year. Sacrifices of fowls and sheep are made at

many places at sacred stones and altars, both in thanks-

giving at times of harvest, &c., and as propitiatory offerings.

Blood and fat are used to anoint many of these stones, as

well as the tombs of ancestors, and especially those of the

Vazimba, the supposed aboriginal inhabitants of the central

provinces. In some of the southern districts it is said that

human sacrifices were occasionally offered. The chief

festival among the H6va, and almost confined to them, is

that of the New Year, at which time a kind of sacrificial

killing of oxen takes place, and a ceremonial bathing, from

which" the festival takes its name of Fandruana{t\\Q Bath).

Another and more general feast is at circumcision times.

This rite is observed by royal command at intervals of a

few years ; these are occasions of great rejoicing, but also

of much drunkenness and licentiousness. Funerals are

ah-io times of much feasting, and at the death of people of

rank and wealth numbers of bullocks are killed. Although,

as already observed, there was no proper priesthood, the

idol keepers, the diviners, the day-declarers, and some

others formed a class of people closely connected with

heathen customs and interested in their continued observ-

ance.

History.—From the earliest accounts given of the people of Mada-

gascar by European travellers, as well as from what maybe inferred

from their present condition over a large portion of the island, they

seem formany centuries to have been divided into a number of tribe.'),

each occupying its own territory, anil often divided from the other?

by a wiilc extent of uninhabited country. Each of theso was undci

its own chief, and was often at war with its neighbours. No one tribe

seems to have gained any great ascendency over the rest until about

two hundi-ed an<l thirty years ago. when a small but Tvarllkc pcoi.le
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called Sikaliya, in the south-west of Maaagascar, advanced nortn-

ward, contjuered all the inhabitants of the western half of the

island, as well as some northern and central tribes, and eventually

founded two kingdoms which retained their smjremacy until the

close of last century. About that time, liowever, the H6va in the

central province of Imerina began to assert their own position under
two warlike and energetic chieftains, Andriauimp6iua and his son

Radiima ; they threw oft" the Sikaliiva authority, and after several

>vnr3 obtained « nominal allegiance from them ; they also conquered

the surrounding tribes, and so made themselves viitual kings of

Jladagascar. Since that time the Hova autliority has been retained

over the central and eastern provinces, but is only nominal over

much of the western side of the island, while in the south-west the

people are quite independent, and are still under their own petty

kinra or chiefs.

While European intercourse with Madagascar is comparatively

ocent, the connexion of the Arabs with the island dates from a

ery remote epoch ; and in very early times settlements were formed
jotn on the north-west and south-east coasts. In the latter locality

there are still traces of their influence in the knowledge of Arabic

possessed by a few of the people ; and it is asserted that the ruling

clans of the Tankla and otlier tribes iu that district are all of Arab
descent. But in these provinces they have almost lost all separate

existence, and liave become merged in the general mass of the people.

It is different, however, in the north-west of the island. Here are

several large Arab colonies, occupying the ports of Am6ronts.\nga,

Jlijangi, Mirovoiy, and JI6rona;\va, and retaining their distinct

nationality, together with their own dress, habits, houses, worship,

and language. Tliere is also in these districts a Hindu element iu

the population, for intercourse has also been maintained for some
centuries between India aud northern Madagascar, and in some
towns the Banyan Indian element is as prominent as the Arab one,

and Hindu dress, ornament, music, food, and speech are marked
features in the social life of these places. In tne early times of

their intercourse with Madagascar, the Arabs had a very powerful

and marked influence upon the Malagasy. This is seen in the num-
ber of words derived from the Arabic which are found in the native

language. Among these are the names of the-months and the days

of the week, those used in astrology and divination, some forms of

salutation, words for dress and bedding, money, musical instru-

ments, books and writing, together with a number of miscellaneous

terms. These form enduring memorials of the influence the Arabs

have exerted upon Malagasy civilization, and also on their

superstition.

Euro- fho island is mentioned by several of the early Arabic writers

cean in- and geographers, but mediaeval maps show curious ignorance of its

tercourse size and position. Marco Polo has a chapter upon it, and terms it.

uid at- Madeigascar, but his accounts are evidently confused with those of

tempted the mainland of Africa. The first European voyager who saw

eoloniza- Madagascar appears to have been a Portuguese captain named

tion. Fernando Scares, in command of a squadron of eight snips from the

fleet of Don Francisco de Almeida. On his way lionie from India

he sighted the island on the 1st of February 1506. The Portuguese

gave names to most of the capes, hut made no pei'sistent attempts

at colonization. After them the Dutch endeavoured, but with little

success, to form colonies ; and in the time of Charles I. proposals

were made to form an English "plantation," but these were never

carried into effect, althougli for a short time there was a settlement

formed on -he south-west coast. In the latter part of the 17th and
during most of the 18th century the French attempted to establish

military positions at various places on the east coast, but with little

permanent result. For some tiriie they held the extreme south-east

point of the island at Fort Dauphin ; but several of their command-
ants were so incapable and tyrannical that they were frequently

involved in war with the people, and more than once their stations

were destroyed and the French were massacred. Early in the

present century all their positions on the mainland were relinquished,

and they now retain nothing but the islands of St Marie on the east

coast and K6sibe on the north-west No foreign power now holds

iany portion of Madagascar, for the native Government has jealously

•rescryed all territorial rights to itself, and will suffer no purchase

of land by foreigners, allowing it only to be held on short leases.

The political history of Madagascar as a wliole may be said to date

from the reign of Radima I. (1810-28). The ancestors of that

King had been merely chiefs of the central provinces, but he was
the fii-st to claim by right of conquest to be supreme ruler of the

whole island, although actually exercising autuority over less than
two-thirds of its surface. Radima was a man much in advance of

his age,—shrewd, enterprising, and undeterred by difficulty,—a kind
of Peter the Great.,of Ms time. He saw that it was necessary for

his people to be educated and civilized if the country was to pro-

gress ; and making a treaty with the governor of Jlauritius to

abolish the export of slaves, ho recei.cd every year in compensation

a subsidy of arms, ammunition, and uniforms, as well as English

training for his troops. He was thus enableil to establish his

authority ovev a large portion of the island, and, although this was

often effected with mui-h cruelty, tlic ulti-natc results were bene-

ficial to the country as a wholo. A number of native youths were
sent to Mauritius, and others to England, for education and instruc-
tion in some of the arts of civilization, as well as in seamanship, i

For some years a British agent, Mr Hastic, resided at Radima's
court, aud exercised a powerful influence over the king, doing very
much for the material advance of the couutry. At the same period
(1820) Christian teaching was commenced in the capital by the
London Missionary Society, and by the efforts of its missionaries
the language was for the first time reduced to a systematic written
form, and the art of printing introduced ; books were prepared, the
Scriptures were translated, numerous schools were formed, aud
several Christian congregations were gathered together. The know-
ledge of many of the useful arts was also imparted, and many
valuable natural productions were discovered, and their pre-
paration and manufacture taught to the people. At tlie same time
the power of superstition was greatly broken, a result partly due to
the keen good sense of the king, but; chiefly to the spread of know-
ledge and religious teaching.

The briglit prospects thus opening up for the country were P-.tna-*:

clouded by the death of Radima at the early age of thirty-six. and Ion.. J

the seizure of the royal authority by one of his wives, the Princess
RiluavMoua. Superstitious and despotic iu temper, the new
sovereign looked with much suspicion upon the ideas then gaining
power among many of her people, and after a few years of tem-
porizing she at length determined to strike a decisive blow at the
new teaching. In 1835 the profession of the Christian religion was
declared illegal ; all worship was to cease, and all religious books
were ordered to be given up. By the middle of the following year
all tlie English missionaries were obliged to leave tlie island, and
for tweuty-tive years the most strenuous efforts were made by the
queen and her Government to suppress all opposition to her com-
mands. This, however, only served to show in a very remarkable
manner the courage and faith of the Christian Malagasy, of whom
about two hundred suffered death in various cruel forms, while
many hundreds were punished more or less severely by fine, degrada-
tion, imprisonment, and slavery. During the queen's reign the
political condition of the couutry was deplorable ; there were fre-

quent rebellious owing to the oppressive nature of the government

;

many of the distant provinces were desolated by barbarous wars ;

and for some years all Europeans were excluded, and foreign com-;
merco almost ceased. This last circumstance was partly owing to

an ill-managed attack upon Tamatave in 1846 by a combined
English and Ficnch force, made to redress the wrongs inflicted upon
the foreign ti'aders of that port. But for the leaven of Christianity
and education whiclihad been introduced into the country it would
have quite reverted to a state of barbarism.

Tfiis reign of terror was brought to a close in 1861 by the deajth Raliim*
of the queen and the accession of her son Radima II. "'he island II.

was reopened to European trade, and missionary efforts were recom-
menced. A determined attempt was made by some enterprising

Frenchmen to gain for their country an overwhelming influence by
means of a treaty which they induced the king to sign. But this

act, as well as the vices and insane follies into which he was led by
worthless foreign and native favourites, soon brought his reign and
his life to an end. He was put to death in his palace (1863) after

having reigned for less than two years, and his wife was placed on the
throne. Tlie new sovereign and her Government refused to ratify

the agreement which had been illegally obtained, choosing rather

to pay a million francs as compensation to the French company.
During the five years' reign of Queen Rasoherina, quiet and steady R.iroh^t

advances were made in civilization and education, and treaties were riim.

concluded with the English, French, and American Governments.
At the death of Rasoherina in 1868, she was succeeded by her Uaiiav*

cousin, the present (1882) sovereign, Ranavilona II. One of the lou.i 11,

first acts of the new queen was the public recognition of Christianity

;

and very soon afterwards she and her husband, the prime minister,

were baptized, and the erection of a chapel royal was commenced in

the palace yard. These acts were followed in the succeeding year

by the burning of the royal idols, and inHnediately afterwards by
the destruction of the idols throughout the central provinces, the

people generally putting themselves under Christian instruction.

Since that time education and enlightenment have made great

progress, chiefly through the labours of the London Missionary

Society's missionaries, with whom are also associated several agents

of the Friends' Foreign Mission Association. About 1200 congrega-

tions have been formed, and about 900 schools, in which nearly

50,000 children receive instruction ; and there are also normal
schools and colleges where teachei-s, pastors, evangelists, and the

sons of the upper classes are well educated. A considerable amount
of literature has been prepared, and several printing presses arc con-

stantly at work. Very marked advance has been made as regards

the morality of the people by the suppresbion of the grosser and
more open forms of vice, the nliolition of polygamj', and the rcsliic-.

tions placed upon arhitr^iiy divorce. All the barbarous pnnishJ

ments of theolil laws liavi.' been done away with ; and the only war
carried on during the present leigu was conjnctud with sucli.

humanity as veil as sagacity that iieaco w.m s^icedily restored;
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Although those changes have as yet only affected ahout a fourth

part of thfi whole population, there is reason to believe that the

influences at work in the centre of the island will eventually affect

all the different trihes. Missionary work is also carried on by
English KpiscopaUei;8(S. P. G. ), Norwegian Lutherans, and French
Roman Catholics.

The government of Madagascar during the present century has

been and still is monarchical theoretically despotic, but practi-

cally limited in various ways. HuJima I. and Kanavaloua 1. were

much more absolute sovereigns than those before or after them,

but even they wore largely restrained by public opinion. New laws

are announced at large assemblies of the people, whose consent is

asked, and always given through the headmen of the different

jdivisions of native society; and this custom is no doubt a "sur-

vival " from a time when the popular assent was not a merely for-

mal act, as it has now almost entirely borome. The large disci-

plined army formed by Radima I. aided mnch in changing what was

formerly a somewhat Hniitod monarchy into an absolute one. The
Hova queen's authority is maintained over the central and eastern

portions of Madagascar, and at almost all the ports, by governors

appointed by the queen, and supported by small garrisons of Hova
troops. At the same time the chiefs of the various tribes are left

in possession of a good deal of their former honours and influence,

so long as they acknowledge the suzerainty of the Hova sovereign,

and perform a certain amount of Government sen-ice. The
present queen and her predecessor have both been married to the

prime minister, a man of great ability and sagacity, who, by his

position as husband and chief adviser of the sovereign, is the virtual

ruler of the country. Chiefly owing to his influence, the last five or

six years have been marked by the introduction of several measures

tending to modify the government of the country and improve the

administration. The purpose of these new laws is to weaken the

old oppressive feudal system ; to retnodel the anny ; to appoint a

kind of local magistracy and registrars ; to encourage education
;

and to form a responsible ministry, with departments of justice,

war, education, agriculture, commerce, revenue, &c.

Owing to the conservative habits of the people, considerable time
will probably elapse before all these measures are carried into effect,

but their mere enactment is a proof of the progress of enlightened

ideas. Until lately the military service has been very ojjpressive

upon certain classes, being for life, and without any pay; but it is

now to be made compulsory upon all, and for short periods only.

The Hhva army has been vai-iously estimated at from 30,000 to

40,000 men, although it is 'pop\i\ni:]y tcrmeiny Fdh-dlin-ddhtj, i.e.,

"the Ten ten-thousand men." Military rank is reckoned by num-
bers, from one " honour," that of a private, to sixteen " honours,"
the rank of the li'ghest oflicer ; but several of the English words
for different ranks are employed, as a sergeant, captain, general,
marshal, &c. Justice has hitherto been administered by a number
of unpaid judges appointed by tho sovereign, and they generally sit

in the open air. There appears to be a somewhat small amount of
crimes of violence; but cattle-stealing raids made by one tribe upon
another are a frequent cause of petty wars away from the H6va
authority. The revenue of the Government is derived from customs
duties, lirst fruits, fines and confiscation of offenders' property, and
a money offering called Msina, presented on a great variety of
occasions both to the sovereign in person and to her representa-

tives ; and these are supplemented by "benevolences" (in the
mediajval sense of the word) levied upon the people for occasional
state necessities. Besides these, the Ciovernment claims the unpaid
service of all classes of the community for all kinds of public work.
Consuls appointed by the English, French, and American Govern-
ments are accredited to the Jlalagasjr sovereign, and the queen has
a consiU in England, and a consular agent at Mauritius. During
the late Lord Clarendon's tenure of oUico as foreign secretary
an understanding was come to between the English and French
Governments by which it was agreed that each power should respect
tho independence of Madagascar ; and, although the intrigues of
Jesuit priests have more than once fomented difficulties between
the U{itive Government and the French, it may bo hoped that the
home authorities in France will still refuse to interfere, and will

allow the Malagasy -undisturbed by fear of foreign invasion

—

quietly to advance iu that path of progress which they ha^e for some
years been following with such happy results. Tho best prospects
for tho future of the country would appear to be bound up in the
pradual consolidation of the central Hova authority over the whole
island, bringing to every part of it those civilizing and enlightening
influences which have already worked such changes in tho central
provinces.

Antananarivo, the capital of Madagascar, is by far the largest
city in the island. It has about 100,000 inhabitants, and lias been
almost rebuilt during the last twelve years, the old timber and ru.sh

houses being nearly all replaced by much largej- and more substan-
tial ones of sun-dr'^^d brick and stone, constructed in European
fashipn. A Rroup of royal palaces, with lofty roofs and jtone-
nrched vcraiuiahs, crowns the summit of the ridge on and around
which the city is built, and hardly les3 couspicuouii in tho {^raud

new residence of tho prime minister. Four handsome stflne-

memorial churches, with spires or towers, mark the spots where
the Christian martyrs suffered ; and other prominent buildings ars
tho Chapel Royal, the Norwegian and tho Roman Catholic churches,
the London Missionary College, tho London Jlissionary Society and
the Friends' normal schools, mission hospitals, the court of justice,

and numerous large Congregational churches of sun-dried brick.

Next to the capital in size are the port of Mojanga, on the north-
west coast, with about 14,000 inhabitants ; Tamative, the chief
eastern port, and Fianarant.sia, the chief town of the Betsileo, each
with about 6000 people ;, and Ambohimhnga, the old capital of
Imerina, with about 5000. There are very few places besides these
with as many as 5000 people, and the majority of native towns are
small. The population is dense in two or three districts only, and
the entire island is variously estimated to contain from four to

five millions of inhabitants.

Literature.—A considerable number of books have been written upon ifadagaa-
car. both in the English and French languages, but miiny of the latter are of little

value. And during the last twenty years a great many piiijcrs upon the exploration,
natural resources, animal and vegetable lilc, and political and religious condition
of the country have opiieared in various periodicals and in the Proceedings of
the different learned suciclies, both English and French. In the following lists

no attempt is made at completeness, but only to select the most important of each
class. As regards the scientific aspects of the country, almost everything wortli
preseiTing in previous books and papers will be Included in the magnificent work
now in course of publication in twenty-eight 4to vols, by M. Alfred Grandidier, en-
titled, /{isloirc Haturette, Ph!/siijtte. et Polilique de Madagaicar. Of this magnum
opus four volumes are already issued.

Of books treating of the country generally, the following are the most n(^e-
worthy :—Hamond, Madagascar, the Richest and most Frril/ull Island in the

World, London, 1643 ; Boothby, A Brei/e discovery or Description of the most
famous Island of Madagascar or St Laurence, London, 16C4 ; Flacourt, Ilisfoire de
la grande Isle de Madagascar, Paris, 16J8; Madagascar, or Robert Drurii's Journal
during Fifteen I'cars' (Japlivityon that Island, London, 1T29; Voyages et Me'inoireM

de Maurice Auguste comtc de Benyotcski, rari3,'I79I: Itochon, Voyages a Mada-
gascar, &c., Paris, an .\.; Froberville, ilistoire de Madagascar, Isle do Fi-ance,

IHOO; Copland, A History ofthe Island ofMadagascar, London, 1822 ; ElUs, History
ofMadagascar, 'London, 18;;8; Leguevelde Lacombe, Voyage a Madagascar elans
ties Comores, Paris, 1S40 ; Guillain, Documents sur . , . la partie occidenlale de
Madagascar, Paris, 1845; JIacd Descartes, Hisloire et Oeographie de Madagascar,
Paris, 1S4G ; Ellis, Tlirat Visits to Madagascar, Loniioa, 1859; OUver, Madagas-
car and the Malagasy, London, 1863 ; Sibree, Madagascar and its People, London,
1870; articles in iiei'ue des Deux Mondes, 1872; Tanlara ny Andriana cto Mada-
gascar: Ilistoire des Rois d'Imerina d'apriis tes manuscrits Malgacftes, Avt^nh-
nar^vc, 1S75 ; Mullens, Tweh-c Months in Madagascar, London, 187S ; Blanchard,

L'lle de Madagascar, Paris, 1875; Dahle, iladngaskar og dels Reboere, Chris-

tiania, 1876-78 ; The Antaniinarivo Annual, No8. i.-v., 187Wil ; and .Sibree,

The Great African Island, London, 1880, and "The Arts and Commerce of
Madagascar," Jour. Soc. Arts, June 4, 1880.

i'/^i/o/of///,—Houtraan, Spraak enda uoord boek in de Maleische ends
Madagaskarsche talen, Amsterdam, 1603; Voyage de C. van Jleevtskerk; voca-

bulaire de la langue partee dans Vile S<nnt-Laurcnt, Amsterdam, 1603;
Megiser, BeschreiOung der Me<i/itigen tind }yeitberhiimbten Insul Madagascar,
with dictionary and dialogues, Altenburg, 1609 ; Artbus, Cottoquia Latino-

Maleyica et Madagascarica, Frankfort, 1613 ; Challand, Vocabulatre fran^ais-
matgaehc et malgache-frau^ais, lie de France, 1773 ; Froberville, Diction-

naire fran^ais-madecasse, 3 vols., tie de France, 1809; Dumont D'Urville, Voyage

dela Corvette VAstrolabe, volume on "Philologie," Paris, 183.3; Freeman and Johns,
Dictionary of the Malagasy Language {Eng. -Mat. and Mal.-Eng.), Antananarivo,

1835; Daimcnd, Vocabulatre et Grammaire pour lei langues Malgaches, SiUialdca

et Betsiniisiira, Bourbon, 1S42; R. C. Aliasionaiics* Dictionnaire Fran^ais-
J/d/pacAe, K^union,lS53, and DictionnaireMalgaclie-Fran<;ais,R^\in\on,\%^b; Van
derTuuk, "Outlines of a Gr.amniar of the Malagasy Language," Jour. Roy. Asiat,

.Soc, 1860; Ailloud, Orammaire Malgaehe-hdva, Antan&nar'ivo, 1872; AV. E.

Cousins, Concise Introduction to the Study of the Malagasy Language as spoken
in Imtfrina, Antan., 1873; Sewell, Diksionary Eng, sy Mai., Antan., 1875;
Marrc de Marin, Graminaire Malgaehe, Paris, 1876; Id., Essai sur le Molgacfie,

ou i^lude couiparee des tongues Javanaise, Malgaclie, et Malayse, Paris, 1.S76 ; Id.,

Le Jardin des Racines Oceaniennes, Paris, 1876 ; Dahle, Specimens of Mala'gasp
Folk-lore, Antan., 1877 ; and W. E. Cousins, " The Malagasy Language," in Trans
J'hil. Soc, 1878. Besides these there are several valiuible papers by Ijatile in

tho yearly numbera of The Antananarivo Annual (ante), and a number of short

vocabularies of coast and other dialects of Malagasy in the notes of various

exploratory journeys published at Antauhnarlvo, noticed below.

Scientific; Oenetal and Exploratory.—Vinson, Voyage h Madagascar, ParSs,

1865; Coignet, "Excursion sur la Cote Nord-cst de I'lIe do Madagascar,"
Bull. Soc. Geog., Sept. et Oct., 1867; Cranrtldlcr, "Madagascar," Jiull. Soc. Oeog.^

August 1871 ; Id., " Excursion chez les Antanosses dmignis," Butl. Soc. G^.,
Fot). 1872; Id., " Madaga,sciir," £»//. Soc. Oeo<7., April 1872; Mullens, " Central

Piovinccs of Madaguacar," Proc. Roy. Geog. Soc, January 1875; sibree, South-
east Madagascar, Antna., 1876 ; Houlder, Iforlh-east Madagascar, Antan.,

1877 ; Uichnrdson, Lights and Shadotrs [South-west Madagascar], Antan., 1877

;

chap, xl., vol. i., of Wallace's Geographical Distribution of Animals. London,
1876; Sibree, "Observations on the Physical Geography and Geology of Madagas*
car," Nature, August 14. 1879 ; id., "History of our Geographical Knowledge of

JIadugascar," Proc. Hoy. Otoy. Soc. October 1879; chap. xix. in Wallace's Island

Life, London, 1880; Cowiii. The Bara Land, Antan., 1881; Id., -Explora-

tions in South Madagascar," Pruc. Roy. Geog. Soc, Sept. 1882. Tho best gcne'»l

map of Madagascar Is that published by Rov. Pr Mullens In 1879, wlllch Is M
a large scale (12J miles to tho Inch), and Includes almost every journey made
up to that date, but Is somewhat deltcicnt as regards the delineation of tbe
l>hyslcal geography.

ZoolOiju.—Klug, " Insektcn von Madagaskar," In KUn. At. aer Wit»entchc^en,

Berlin, 1832; lloisduval, Faune Enlomologigue de Madagascar, Ac, Paris, 1833 ;

Owen, Monograph on the Aye-aye, London. 1863; Vinson, Araneidet dei lies Re-
union, Madag<isc<ir. Ac. VaTia, 1663; Bales " Natural History of Madsgascsr.*'

Proc. Zool. Soc, 1S63; Sclatcr, *'Mainmal50f Madagascar," Quart. Jour. Sci., April

1864 ; Pollen and Van Dam, liecherchet tur la Faune de Madagatear et sci Dej^en-

dances, 5 vols., Leydcn, 1867 sq.; Hartlaul.. Die Vtiget Madagascars und den
benachbarten I.iselgruppen, Halle, 1877 ;

" livliquiw Rutenberglano^—Zoologte," In

the Bremen Saturuissenschaftliche Verein, April 1881 ; also very numcroofl
urticles on }Iadaga-^ciu' animals, birds, iic, Iu Proc. Zool. Soc, 1863-61, and Ig
Ann. and Mag. of Kat. //lit., 1863-81.

Botany.—lia Petit Tlmuars, Ilistoire dct VfgHatiX recueillia tur te* islet

de . . . Madagascar, Paris, 1804; "Flora: Madagascaricnsis fragnienta," In

Annales dtt Sciences yaturef/es, 4 ser, roli. vl., viil., Ix. ; Davidson,.
" Account, Historical and Physiological, of Uie Madagascar Polsou Ordsaf
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{TangMnia Venetiijiua)" Jour, of Aitat. awt Pht/t., vol, vlil.; ttrlicle:* on ferns
and flowering plants, in Mtnii. So:. Sour.~Bot., for 18C4, 1876, 1877, ISfiO ;

*• Reliqujie Rutenbei-Kianae." in the Bremen Saluricist(tischi\/t'iche Verein, No-
Tember 1880 ; finkei- on " The Plants of Mntliigoscar," yature, Dccemljcr 9, 1880,
tiiid on " Botany of Matlaga^car," Proc, of Brit. Afioc, 1881.

Anthropoloijif.—Oliver, "The Floras ami other Characteristic Tl'ibcs of
JIadagascar," Jonr. Antliroti. Iiisl., 1803; Wake, "The Kace Etemcnta of tho
Uadecasses," Jtiid.^ 18G9 ; Mullens. *' On the Origin and Progi-ess of the People of
Madagascar," /&f(/., 1875; Wake, "Notes on tho Origin of tho Malagasy," /ftij.. 18^1;
Slbreo, "Malagasy Folk-Loro and Popular Supei-stitions,"./V/1-Zortt 5oc. Ji^cofd,

1880; Id., T/if Oratory, Soiirif, Legends, and Folk-Tales of the Mafagajy, 18S*J.

Reunions Hiitori/.—Freeman and Johns, yarralim of the Persecutions of the
Christians in MadagasC'ir, London, 1840; Prout, Madagascar, its Missions and
iVs Martyrs, London, 18t>.J ; Ellis, Madagascar Revisited. London, 1867 ; Id., The
Martyr Church, London. 1869; " Religion In Madagascar." Ch. Quart. Rcif., July
1878 ; and Ten years' Reciew of Mission Work in Co.mcjcion with the London
Missionary Society, 1870-«0, Antan., 1880. (J. S., jl'.)

MADDALOXI, a city of Italy, in the province of

Caserta (Terra di Lavoro), about 3i miles south-east of

Caserta, with a station both on the railway from Caserta

to Benevento and on that from Caserta to Avellino. It is

prettily situated at the base of one of the Tiffata hills, the

towers of its medieval castlo and tho church of San Michele
crowning the heights above. Tho fine old palace of the

Caraffas, once dukes of Maddaloni, tho old college now
named after Giordano Bruno, and the institute for the

sons of soldiers (dating from 1859, and accommodatiug
500 pupils) are the chief points of interest. In 1871 the

population was 18,767. About 2^ miles to the east, at

Valle di Maddaloni, the Caroline aqueduct (so called after

Charles IV. of Naples), conveying the water of the Tiburno
to Caserta (a distance of 19 miles), is carried across the

valley between !Mont« Longano and Monte Gargano by a
threefold series of noble arches rising to a height of 178
feet. The work was designed by Lodovico Vanvitelli, and
constructed between 1753 and 1759.

Maddaloni (in medieval documents Matalonum, Muclalonum,
and Magdaloniun) lies on the Appian Way, and is doubtfiUly identi-

fied with Sessuela. Its castlo and walls are probably of Lombard
origin. The first count of Maddaloni was invested with the fief iu

1465, the first duke in 1558. In 1860 General Bixio's volouteers
beat the royal Neapolitan forces at Maddaloni. See A. de Eeuniont,
The Carafas of Maddaloni, Bohn's series, 1854.

MADDEN, Sir Frederic (1801-1873), one of the

first palaeographers and antiquaries of his time, and for

nearly forty years assistant keeper and keeper of manu-
scripts at the British Museum, was born at Portsmouth
on February 16, 1801, the son of an officer of Irish

extraction. From his earliest years he displayed a strong

bent to linguistic and antiquarian studies. In 1825 he
•was engaged in collating the text of C<edmon for the

university of Oxford, and assisting Dr Bliss in editing

Blore's Monuviental Remains ; in the following year he
joined Mr Roscoe in preparing a catalogue of the earl

of Leicester's MSS. at Holkham, which was completed
in eight volumes folio, but remains unpublished. In the

same year he was engaged by tho British Museum to assist

in the preparation of the classed catalogue of printed books
at that time contemplated, and in 1828 he became assistant

keeper of manuscripts. In 1833 he was knighted, and in

1837 succeeded the Rev. Josiah Forshall as keeper of

manuscripts, which office he continued to hold until his

retirement in 1866. Notwithstanding his indefatigable

attention to his official duties, he found time for a great

amount of exceedingly valuable literary work. Between
1828 and 1838 he edited for the Roxburghe Club the old

English romances of Havelok the Dane (discovered by hita-

self among the Laudian MSS. in the Bodleian) and William
and ike Werwolf, and the old English versions of the Gesta
Romanorum. In 1839 he edited the ancient metrical

romances of Syr Gaivayne for the Bannatyne Club, and in

1847 Layamon's Brut, with a prose translation, for the

Society of Antiquaries. In 1850 the magnificent edition

of Wickliffe's translations of the Scriptures from the original

MSS., upon which he and his coadjutor, Mr Forshall, had
been engaged for twenty years, was published by the

university of Oxford. In 1866-69 he edited the Historia

Minor of Maf.bew Paris for the Rolls series. Iu 1833 he
prepared the literary part of Mr Shaw's work on lUuminated
Ornaments; and in 1850 he edited the English translation

of Silvestre's Universal Paleography. He had projected
a history of chess in the Middle Ages ; ill-health, however,
and other causes, prevented the completion of the wock.
He died on March 8, 1873, bequeathing his journals and
other private papers to the Bodleian Library, where they
are to remain unopened until 1020.

Sir Frederic Madden's attainments were great, and his semccaj
to literature highly distinguished. Ho was perliaps tho tirst|

palajographer of his day, and as keeper of manuscripts was most]
zealous and industrious, imposing a large amount of manual as well'

as intellectual labour upon himself, and continually, although too'

often unsuccessfully, exerting himself to enrich tho collections
committed to his care. He was an acute as well as a laborious
anticiuary, but rather qualified for critical than for original research,
and nis unacquaintance with German prevented his ranking high
as a philologer, although he paid much attention to tlie early

dialectical forms of French and Knglish. His judgment was shown
in the substantial value of tho works edited by him. Wickliffe's

Bible is tho first English version ; Layamon's Brut, a semi-Saxou
paraphrase of the Norman Brat of Hobcrt Wace, unites two ages
of Luglish poetry, is an inestimable monument of the language
at thu period of its composition, and possesses no small poetical

merit ; while y/firc/oi is hardly less important in a philological and
a metrical point of view. The first volume of his edition of

Matthew Palis contains a valuable critical introduction, and the
thiid a biography of the historian, with an estimate of his place

in literature. Sir Frederic's minor contributions to antiipiarian

research were exceedingly numerous : the best known, perhaps,

is his dissertation on the orthojyaphy of Shakespeare's name,
which, mainly on the strength of the Florio autograph, he contends
should be "Shakspcre. " This mode of spelling has been adopted
by tho New Shakspere Society. It is not generally known that Sir

Frederic was the hrst to discover the "Perkins" forgeries in tho

duke of Devonshire folio Sliakospeare, altliough private consider-

ations induced him to leave the further elucidation of the matter
to others. He also promptly detected the fabrications of the Greek
Simonides, which had imposed upon some of the first scholars iu

Germany.

MADDER, or Dyer's Madder, is the root of Rubia
tinctorum, L., and perhaps of R. peregrina, L., as well,

both being European ; but R. corJijolia., L. , and perhaps

Mungista, Roxb., a native of the mountains of Nepal,

Bengal, Japan, &.C., supply the Indian madder or manjit

(see Pickering, Chron. Hist, of PL, 421 ; Drury, Useful

Plants of India, 541). Rubia is a genus of about thirty

species of the tribe Galiex of the order Rubiaces, and

much resembles the familiar Galiiims, e.g., the Lidy's

bedstraw and cleaver of English hedges having similarly

whorled leaves, but the parts of the flowers are in fives and
not fours, while the fruit is somewhat fleshy. The sole

British species is Rubia jyeregrina, L. Tho use of madder
appears to have been known from the earliest times,

as cloth dyed with it has been found on the Egyptian

mummies. It was the ipevdi&avov used for dyeing the

cloaks of the Libyan women in the days of Herodotus

(Herod., iv. 189). It is the ipvdpo&ai/ov of Dioscorides,

who speaks of its cultivation in Caria (iii. 160), and of

Hippocrates {Be Morb. Mul., i.), and the Rubia of Pliny

(xix. 17), (see Pickering, p. 275). Rubia tinctorum, L., ii

native of western Europe, &c., has been extensively culti-

vated in South Europe, France, where it is called garance}

and Holland, and to a small extent in the United States?

Large quantities have been imported into England from

Smyrna, Trieste, Leghorn, &c. Tho cultivation, however,

is decreasing since alizarin, the red colouring principle of

madder, has been made artificially (see Alizarin). Madder

was employed medicinally by the ancients and in the Middle

Ages. Gerard, in 1597, speaks of it as having been culti-

vated in many gardens in his day, and describes its sup-

posed many virtues (Herball, p. 960) ; but the influence of

madder over the system is now believed to be exceedingly

slight. Its most remarkable physiological effect is that of

colouring red the bones of animals fed upon it, as also the
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claws and beaks of birds. This appears to be due to the
chemical affinity of phosphate of lime for the colouring

matter (Pereira, Mat. Med., vol. ii. pt. ii. p. 52). Riibia

t/ulensis, JIol., lias been used for dyeing red from time
immemorial (Pickering, p. C61). The chay-root, which
furnishes a red dye in Coromandel and other parts of

India, is obtained from Hedyolis nmUllala, Lam., of the

eame family as madder (Drury, p. 366).

M.^DEIPiA. The Madeiras, a group of islands in the

Korth Atlantic Ocean belonging to Portugal, consist of two
inhabited islands named JIadeira and Porto Santo, and
three uninhabited rocks named collectively the Desertas.

Funchal, the capital of Madeira, is on the south coast of

the principal island, in 32° 37' 4.5" N. lat., 16° 55' 20"

W. long. It is about 360 miles from the coast of Africa,

635 miles from Lisbon, 1215 from Plymouth, 240 from
'Teneriflfe, and 480 from Santa JIaria, the nearest of the

Azores. Funchal is connected by the Brazilian submarine

telegraph, which belongs to a British company, with

Lisbon on the one hand, and on the other with Brazil.

Madeira, the largest island of the group, has a length of

30 geographical miles, an extreme breadth of 13 miles,

and a coast-line of 80 or 90 miles. Its longer axis lies east

and west, in which direction it is traversed by a mountain

chain, the backbone of the island, having a mean altitude

«f 4000 feet, up to which many deep ravines penetrate

from both coasts, rendering travelling by land from place

to place a very tedious and fatiguing labour. Pico Ruivo,

the highest summit, stands in the centre of the island, and
I>as a height of 6100 feet, but some of the adjacent sum-
mits are very little lower. The depth and narrowness of

the ravines, the loftiness of the rugged peaks that tower

above them, the bold precipices of the coast, and the

proximity of the sea afford many scenes of picturesque

beauty or striking grandeur which are continually changing

in character u the traveller advances on his way. The
greater part of the interior is uninhabited, fc " the towns,

villages, and scattered huts lie either at the mouths of

ravines or upon the lower slopes that extend from the

mountains to the coast. The ridges between the ravines

usually terminate in lofty headlands, one of which has the

height of 1920 feet, and much of the coast is bound by
precipices of dark basalt. The north coast, having been

more exposed to the erosion of the sea, is on the whole

more precipitous than the south coast, and presents every-

where a wilder aspect. On the south there is left very

little of the indigenous forest which once clothed the whole

island and gave it tlie name it bears (Madeira, from vialeria,

wood), but on the north some of the valleys still contain

native trees of fine growth. A long, narrow, and compara-

tively low rocky promontory forms the eastern extremity

of the island, and hero is to be seen a tract of calcareous

sand, known as the Fossil Bed, containing land shells and
numerous bodies resembling the roots of trees, probably

produced by infiltration. Upon an islet off this promontory

stands the only lighthouse of the group. It has a flashing

light visible at the distance of 25 miles in clear weather.

History.—It has been conjectured, but on insufficient

•evidence, that the Phoenicians discovered Madeira at a

very early period. Pliny mentions certain Purple or

Mauretanian Islands, the position of which with reference

to the Fortunate Islands or Canaries might seem to indi-

cate the Madeiras. There is a romantic story, of doubtful

truth, to the effect that two lovers, Robert Machim and
Anna d'Arfet, fleeing from England to France in 1346,

were driven out of their course by a violent storm, and
cast on the coast of Madeira at the place subsequently

named JIachico, in memory of one of them. On the

•vidciice of a portulano dated 1351, preserved at Florence,

it would ajipoar that Madeira had been discovered long

1 .->—<)

previous to that date by Portuguese vessels under Genoese

captains. In 1419 two of the captains of Prince Henry of

Portugal were driven by a storm to the island called by

them Porto Santo, or Holy Port, io gratitude for their

rescue from shipwreck. The next year an expedition was

sent out to colonize the island, and, Madeira being descried,

they made for it, and took possession on behalf of the

Portuguese crown. The islands were then uninhabited.

For the sixty years intervening between 1580 and 1640,

Madeira, with Portugal itself, was under Spanish rule. In

1801 British troops occupied the island for a few months,

commanded by General Beresford, and it was again under

the British flag from 1807 to 1814. Madeira is now a

province and an integral part of the Portuguese kingdom,

entitled to send deputies to the Cortes assembling at Lisbon.

Inhabitants.—The iuhabitants are of Portuguese descent,

with probably some intermixture of Moorish and Negro

blood amongst the lower classes. The dress of the peasantry,

without being picturesque, is peculiar. Both men and women
in the outlying country districts wear the carapu(^a, a small

cap made of blue cloth, in shape something like a funnel,

with the pipe standing upwards. The men have trousers

of linen, drawn tight, and terminating at the knees; a

coarse shirt enveloping the upper part of their person,

covered by a short jacket, completes their attire, with the

exception of a pair of rough yellow boots. The women's

outer garments consist of a gaudily coloured gown, made
from island material, with a small cape of coarse scarlet or

blue woollen cloth. At the end of 1881 the inhabitants

of Madeira numbered 131,906 persons, the females exceed-

ing the males by 7060. The population increases, notwith-

standing the emigration to Demerara and the Hawaiian

Islands that occasionally takes place. There is strong

reason for thinking that the islands are too densely peopled,

considering the small proportion which cultivable ground

bears to the whole, and the general want of capital

Goverjiment.—The administration of affairs is in the hands

of a civil governor appointed by the crown, under whom is

a military officer in command of the troops, which consist

of a battalion of infantry, a detachment of artillery, and

some militia. The law of Portugal is administered by four

chief judges, each of whom has a separate division

(comarca) of the island in his jurisdiction, within which he

tries both civil and criminal cases with the assistance of a

jury. Magistrates elected by the people decide minor

cases. For municipal purposes the island is divided into

nine districts, called concelhos (Porto Santo forming a

tenth), each of which has its popularly elected municipal

chamber, whose duty it is to repair the roads, light

and cleanse the towns and villages, ic. The chief police

magistrate of each district is the adminiatrador, who is

appointed by the central Government. A bishop is at the

head of the clergy, his cathedral being at Funchal. There

are forty-eight parishes, each with its church and resident

priest. Roman Catholicism is the established form of reli-

gion, but others are now tolerated.

Education.—By law all children of a certain age should

be sent to school, but this regulation is not strictly enforced,

and only a small fraction of the total number actually

receive instruction. The chief educational establishment

is the Lyceo at Funchal, where there are seven professors

paid by Government. In 1881 the pupils at this establish^

ment were two hundred and fifty in number. There is a

seminary for young priests, and a number of public primary

schools are scattered over the island.

Agriculture.—Until recently a considerable portion of

the land was strictly entailed in the families of the land-

lords (morgados), but entails have been abolished by the

legislature, and the land is now absolutely free. Owing

to the irremcdiablo difficulties of the surface, the road*
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are bad, except in the neighbourhood of the capital. A
deficient supply of water is another great obstacle to the

proper cultivatiou of the land, and the rocky nature or

steep inclination of the upper parts of the islands is an

effectual bar to all tillage. An incredible amount of labour

has been expended upon the soil, partly in the erection of

walls intended to prevent its being wa.<ihed away by the

rains, and to build up the plots of ground in the form of

terraces, so as to lessen their slope. Water-courses, too,

have been constructed for purposes of irrigation, without

'which at regular intervals the island would not produce a

hundredth part of its present yield. These water-courses

originate high up in the ravines, are built of masonry or

driven through the rock, and wind about for miles until

they reach the cultivated land. Some of them are brought

by tunnels from the north sideiof the island through the

central crest of hilL The water thus conveyed is carefully

ieaXt out according to the rights of each occupier, who
takes his turn at the running stream for so many hours in

the day or night at a time notified to him beforehand.

In this climate flowing water has a saleable value as well

as land, for the latter is useless without a supply of the

former. The agricultural implements employed are of the

rudest kind, and the system of cultivation is extremely

primitive. Very few of the occupiers are the owners of

the land they cultivate ; but they are almost invariably

the owners of the walls, cottages, and trees standing

thereon, the bare land alone belonging to the landlord. The
tenant can sell his share of the property without the con-

sent of the landlord, and if he does not bo dispose of it

that share passes to his heirs. In this way the tenant

practically enjoys fixity of tenure, for the landlord is

seldom in a position to pay the price at which the tenant's

share is valued. Money rents are rare, the metayer system

regulating almost universally the relations between landlord

and tenant ; that is, the tenant pays to the owner a cer-

tain portion of the produce, usually one half or one third.

The holdings are usually very small, rarely larger than

one man can cultivate with a little occasional assistance.

Meadows and pastures are seldom to be met with, the

cattle being stall-fed when not feeding on the mountains.

Horses are never employed for draught, all labour of that

kind being done by oxen, of which there is an ample
supply.

The two staple productions of the soil are wine and
sugar. The vine was introduced from Cyprus or Crete

soon after the discovery of the island by the Portuguese,

but it was not> actively cultivated until the early part of

the 16th century. The vines, after having been totally

destroyed by the oidium disease, which made its first

appearance in the island in 1852, were replanted, and in a
few years wine was again made. The disease is now kept

in check by the application of sulphur, which has the

effect of increasing the quantity of fruit, whilst it shortens

the life of the plant. The phylloxera has also made its

way to the island, and every vineyard in Madeira is more
or less affected by it. The wine usually termed Madeira,

and known in the trade as " London particular," is made
from a mixture of black and white grapes, which are also

made separately into wines called Tinta and Yerdelho, after

the names of the grapes. Other high-class wines, known
as Bual, Sercial, and Malmsey, are made from varieties of

grapes bearing the same names. The exported ^Madeira is

a strong-bodied wine of fine bouquet and excellent quality,

but of late years it has gone out of fashion in England, the

lighter wines of France and Germany having to a certain

extent supplanted it. Taking the four years 1878-1881,
the average quantity annually exported was 3045 pipes,

each of 92 imperial gallons. It is not usual for the

merchant to possess vineyards of his own. The vines are

cultivated by the peasants in their small patches of land,

and the general rule is fur the merchant or wine manufac
turer to buy the must from them, and to have it conveycrl

as it comes from the press direct to his store, where th.'

process of fermentation and (he subsequent treatment ar.'

carried on from first to last under his own eye.

The sugar cane is said to have been brought from Sicilf

about 14.52, and in course of time its produce became the

sole staple of the island. The cultivation languishe(i,

however, as the more abundant produce of tropical couutriivs

came into the European market, and sugar had lorg

ceased to be made when the destruction of the vines com-
pelled the peasants to turn their attention to other thing i.

Its cultivation was resumed, and sugar machinery im-

ported. In 1881 about G515 cwts. of sugar, valued lit

£14,452, were exported. A considerable quantity of spir.t

is made by the distillation of the juice, or of the molasses

left after extracting the sugar, and this is consumed on ths

island,—not an unmixed benefit to the people, for intem-

perate habits have greatly increased since they- have been
subjected to the temptation of cheap spirits. The cane

does not flourish here as luxuriantly as within the tropics;

still in localities below 1000 feet, where there is a good
supply of water, it pays the cultivator well. •

The grain produced on the island (principally wheat,

barley, and Indian corn) is not sufticient for the consump-
tion of the people. The common potato, sweet potato, and
gourds of various kinds are extensively grown, as well as

the Colocasia esculenta, the la/o of the Pacific islanders,

the root of which yields an insipid food. Most of the

common table vegetables of Europe—cabbages, carrots,

onions, beans, pease, &c.—are plentiful. Besides apples,

pears, and peaches, all of poor quality, oranges, lemons,

guavas, mangos, loquats, custard-apples, figs, bananas, and
pine-apples are produced, the last two forming articles of

export to the London market. The date palm is occasion-

ally seen, but its fruit is scarcely edible. On the hills

large quantities of the Spanish chestnut afford an item in

the food of the common people. A little tobacco is grown,
and is made up into cigars of inferior quality.

Trade and Commerce.—Excepting sugar and tobacco, the

manufactures are insignifieant. Coarse linen and woollen

articles and boots and shoes are made for island use. A
good deal of needlework embroidery is made by the women
in and about Funchal for exportation. Baskets, chairs,

(tc, of wicker work are also exported. According to official

returns the total value of exports in 18S1 was £134,000,
whilst the imports from foreign countries amounted to

£175,000 (including £128,500 from the United Kingdom),
and the imports from Portugal and the Azores to £112,800.
The principal imports were textile fabrics, hardware, grain,

salt fish, salt, tea and coffee, tobacco, cask staves, timber,

and petroleum (the last three articles coming from America).

The duties levied at the custom-house amounted in the

same year to about £41,000. In the course of the year

710 merchant vessels entered the port, but more than half

of these were English steamers calling on their passage to

and from the west coast of Africa, the Cape of Good
Hope, or Brazil The number of Portuguese vessels was
only 113.

There is a local bank at Funchal, and also a branch of

the Bank of Portugal. The English merchants act as

bankers for visitors, and bills or cheques can be negotiated

through them. Accounts are made out in reis, an imaginary

coin, 4500 of which are equal to the pound sterling, and 1000

form the viil-rei or dollar, equil to 48. 5Jd. The coins in

circulation are of British gold and Portuguese silver, the

latter in pieces of 50, 100, 200, and 500 reis, the coinage

being decimal The Prench decimal system has been

established here as in Portugal. Madeira, as a provinca
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of Portugal; has the benefit of the regulations of the

International Postal Union. Consuls from Great Britain

and other European states, as well as from the United
States and Brazil, reside at FunchaL Lines of steamers

from Liverpool to the British colonies on the west coast

of Africa, and from London and Plymouth to the Cape of

Good Hope, touch at Madeira, both on their outward and
homeward voyages. There is steam communication with

Lisbon, and also with Brazil, the Cape Verds, the Canaries,

and the Azores (St Michael's), as well as with Antwerp.

A la%e coal depot for supplying the steamers has been
established at Funchal by a firm of British merchants.

Funchal, the capital of the archipelago, lies on the south

coast of Madeira, and has a population of about 18,000
persons, the immediate neighbourhood being inhabited by
nearly as many more. It is seen to great advantage from
the bay, lying on its curving shore, and backed by an
amphitheatre of lofty mountains, some of them 4000 feet

in height. Numerous country houses (quintas) with terraced

gardens, and surrounded by vineyards and patches of sugar

cane, adorn the slopes and give an air of cheerfulness to

the landscape. A small fort on an insulated rock close to

the shore commands the bay with its cannon, and there is

a much larger fortress on an eminence behind the city.

There are no facilities for landing either passengers or

goods, nor is there any dock for vessels, which are obliged

to remain in the open roadstead, where, however, the

anchorage is good. Vessels are protected from all winds
except that . from the south, which, when blowing with

violence, occasionally dri/es those on shore that do not

slip their cables in good . time, and take to the open
eea. The principal edifices in ^e city are the cathedral

and the churches, none of which deserve much notice, the

governor's residence, a semi-castellated building, and the

Bubstantial custom-house. The streets are for the most
part narrow, but fairly clean, paved with small stones,

without side walks, and lighted at night by petroleum

lamps. There are two public walks planted with trees,

and a garden of small extent, but rendered gay with flower-

ing plants which would need protection in England. There
are also fountains of good water, a large hospital, a poor-

house, and an unsightly ill-managed jaiL The late empress
of Brazil built a spacious and handsome hospital close to the

town for the reception of twenty-four consumptive patients

of Portuguese or Brazilian birth. The entrances of some
of the larger houses are through great gates into a paved
vestibule, from which a double flight of stairs ascends to

the principal rooms. The shops are poor and without dis-

play. The windows on the ground floor of the dwelling

houses are filled with stout iron bars, which give a prison-

like air to the streets. Three streams come down from the

hills and run across the town at the bottom of deep
channels, which in summer are dry, because the water is

diverted higher up for irrigation purposes. Convenient
market places have been constructed for the sale of meat,
vegetables, and fish. Vegetables and fruit are abundant,
but not of the first quality. Fish is plentiful and cheap
when fishing is possible, and fresh fish forms with salted cod
and herrings an important item in the food of the islanders.

Butcher meat is fairly good, with the exception of the

mutton, which is very inferior.

The afl'airs of the city are managed by a municipal

chamber of seven persons with a president. . Their revenue
is derived from imposts on grain and salt imported, and from
duties on fresh meat and fish sold in tho open market, on
wine exported, on houses, and on persons carrying on trade

or business. It is expended principally on the lighting and
repairing of the streets,, and the maintenance of markets
end public gardens.

Wheel carriages are not in use ; and all heavy articles

are transported cither on the backs cf mules or upon rude
wooden sledges drawn by buUocks. When horses are not
employed, locomotion is effected either by means of ham-
mocks, or by bullock cars. The hammock is a piece of stout
canvas gathered up and secured at each end to a long pole
carried by a couple of bearers. In place of cabs, curtained
cars on sledges, made to hold four persons, and drawn by a
pair of bullocks, are employed. They are convenient enough,
but the rate of progress is very slow. The common people
carry heavy burdens on the head and shoulders. Such
aids as wheelbarrows and trucks are entirely rejected.

A few daily and weekly newspapers are published at
Funchal, but they are.small sheets, and their circulation is

very limited. In a room of the building occupied by
the municipal chamber there is a collection of books,
numbering about 2800 volumes, accessible to the public
The Portuguese have a club, which has a large house con-

taining a ball room, card rooms, and a billiard foom, but
no library.

The wine trade attracted several British merchants in
the last century to take up their residence at Funchal,
where, notwithstanding the decrease of that trade, there
was in 1881 a resident British population of 208 persons.

A church has been built where a resident chaplain con-
ducts the services of the English Established Church, and
the Presbyterians of the Free Church of Scotland have
also erected a place of worship. The British community
have formed a cemetery, which is kept in admirable order.

The English Club, to which strangers can subscribe, has
a library of 5000 volumes and a billiard table.

Climate and Meteorology.—The following results have been
derived from observations mads for a series of eight jttn at the
Government observatory, Funchal, which has a height of 80 feet
above the sea. The mean annual barometrical pressure was 30'14
inches. The mean 41mual temperature was 65° '84 Fahr., the high-
est point during the eight years having been 90°3 Fahr. and the
lowest 46° -22 Fahr. The two hottest months are August and Sep-
tember, when the mean temperature was 72° '58 Fahr. The three
coldest months are January,

. February, and March, their mean
temperature being 60°-6 Fahr. The mean temperature of the six
months November to April was 61°'8 Fahr. The mean temperature
of winter (December to February) was 61°; of spring (March to
May) 62'"64

; of summer (June to Augu.st) 70° '8 ; of autumn (Sep-
tember to November) 68° '9. The mean number of days in the year
on which rain fell was 80J. The distribution cf rain through the
months from October to May varies a good deal, but the w«ttest
months are usually November, December, January, and March.
Taking a series of twelve years' observations, the mean annsal rain-
fall was 304 inches, the extremes being 16 and 49'15 inches. The
mean daily range of the thermometer from 8 a.m. to 6 P.M. during
the six months November to April is about 6°1 Fahr., but taking
the twenty-four hours the mean daily range is about 10°.

The remarkable mildness both in summw and wintar of the
climate of Madeira, though it lies only 10° north of th« 'Tropic of
Cancer, is owing to its being surrounded by a great ocean, from
which the atmosphere obtains a large supply of watery vapour.
The mean humidity of the air is about 75 (saturation — 100). The
prevalent winds are those that blow from the north or from a few
points east or west of north, but these winds are much mitigated on
the sonth coast by the central range ofmountains. The west wind
usually brings rain. That from the east is a dry wind. A hot and
diy wind, tho Icste of the natives, occasionally blows from the east-

sonth-east, the direction of the Great Sahara, and causes the hill

region to be hotter than below, bnt even on the coast the thermo-
meter under its influence sometimes indicates 93°. As tho ther-
mometer has never been known to fall as low as 46° at Func))«I,
frost and snow are there wholly unknown, but snow falls on the
mountains once or twice during the winter, very seldom, however,
below the altitude of 2000 feet. Thunderstorms are rare, ami
scarcely ever violent.

Madeira has long had a high reputation as a sanatory resort for
persons suflering from diseases of tne chest. " When we take into
consideration," said Sir James Clark in his work on Climate, " the
mildness of the winter and the coolness of the summer, togatlier
with tho remarkable equality of the temperature during the day
and night, as weU as throughout tho year, we may safely conclude
that tho climate of Madeira is the finest in the northern hemi-
sphere. " Notwithstanding the ever-increasing competition of other
winter 'esorta, a considerable number of invalids, both English and,
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German, cftntinue to spend the winter at Fiinclial, where there are

numerous well-conjucted hotels and boarJing-houscs, as well as

furnished houses, with gardens, for hire in, the neiglibourhood, and
where English and German physicians practise their profession.

The island possesses one great advantage over. most other places

frequented by invalids in alfording cool and comfortable summer
quarters on the hills, so that they have no need to make a long
journey for the purpose of escaping from the heat.

Zoology.—No sjjecies of land mammal -is indigenous to the
Madeiras. Some of the early voyagers indeed speak of wild goats
and swine, but these animals must nave escaped from confinement.
The rabbit, and those pests the black rat, brown rat, and mouse,
have been introduced. The first comers encountered seals, and
this amphibious mammal (.V'jiiac/iits albicenler) s\x\i lingers at the
Desertas, but its early e.\tinctiou is threatened, from the same
cause that has brought about its extinction at the Canaries, the per-

sistent attacks of man. Amongst the thirty species of birds which
Uecd in these islands are the kestrel, buzzard, and barn owl, tlie

bl-ickbird, redbreast, wagtail, goldfinch, ring sp.iirow, linnet, tT\o

swifts, three pigeons, the quail, red-legged partridge, woodcock, tern,

herring gull, two petrels, and three pufhns. Only one species is

ejideuiic, and that is a wren (licgultis mac!circiisxs\ but five other
species are known elsewhere only at the Canaries. These are

tile green canary (Fringilla bu'.uracea, the parent of the domesti-
cated -yellow variety), a chafEnch (Fringilla tintillon), a swift
{CiipsetHS laiicolor), a wcod pigeon {Colidiiba troca:), and a petrel

(T/inlassidroma bulwcrii). There is also a local variety of the
black cap, distinguishable from the common kind by the extension
in the male of the cap to the shoulder. About seventy other species
have been seen from time to time in Madeira, chiefly stragglers

from the African coast, many of them coming with the Icstc wind.
The only land reptile is a small lizard {Laccrta dngcsii), which is

abundant and is very destructive to the frape crop. The logger-

head turtle (Caouana cnnlla, Gray) is frequently captured, and is

cooked for the table, but the soup is much inferior to that made
from the green turtle of the West Indies. The only batrachian is

a frog {liana csndeiila) whicli has been introduced and has made its

w.iy from ravine to ravine.

About 250 species of marine fishes taken at Madeira have been
scientifically determined, the largest families being Scombrids with
35 species, the sharks with 21, the Sparids with 15, the rays with
14, the Labridse with 13, the Oadidie with 12, the eels with 12,
IhePercidm with 11, anitiie-'Carangidx with 10. Many kinds, such
as the mackerel, horse mackerel, groper, mullet, braise, &c., are

caught in abundance, and afford a cheap article of diet to the people.

Several species of tunny are taken plentifully in spring and summer,
one of them sometimes attaining the weight of 300 lb. The only
freshwater fish is the common eel, which is found in one or two of

the streams. (See lists and memoirs by E. T. Lowe and J. Y.
Johnson, published by the Zoological Society of Loudon.)

According to the latest writer on the land mollusca of the
Madeiras (T. V. WoUaston, Tcstacca Atlanlica, 1S78), there have
been found 158 species on the land, 6 inhabiting fresh water, and 7
littoral species, making a total oflTl. A large majority of the land
shells are considered to be peculiar, but naturalists do not agree as to
the distinctness of the so-called species. Many of the species are
variable in form or colour, and some have an extraordinary number
of varieties. Of the land moUusca 91 species are assigned to the
genus Helix, 31 to the genus Piqia, and 15 to the genus Achatina
(,01 Zovca). About 43 species are found both living and fossil in
superficial deposits of calcareous sand in Madeira or Porto Santo.
These deposits were assigned by Lyell to the Newer Pliocene period.
Some 12 or 13 species have not been hitherto discovered alive. As
to the marine testaceous mollusca it may be stated that between
300 and 400 species have been collected, but they have been only
partially examined, and a large number of forms await identification.

Few of them are remarkable for size or colour, and a consider-
able number are very small. More than 100 species of Pohjzoa
(Bryozoa) have been collected, and amongst them are some highly
interesting forms.

The only order of insects which has been thoroughly examined is

that of the CoUoptera. By the persevering researches of the lata

T. V. WoUaston the astonishing number of 695 species of beetles

has been brought to light at the Madeiras {Txsecta Madcrcnsia,
Cat. of iladeiran Col., &c.). The proportion of endemic kinds is

very large, and it is remarkable that 200 of them are either wingless
or their wings are so poorly developed that they cannot fly, wHlst
23 of the endemic genera hare all their species in this condition.

This fact, Mr Darwin thinks, may be mainly due to the action of
natural selection combined with disuse, since those beetles which
were much on the wing would incur the risk of being blown out
into the sea, whilst those with less-developed wings had the best

chance of wnriTing. With regard to the Lcpidoplcra, 11 or 12
species of butterflies have been seen, all of which belong to

European genera. Some of the species are interesting as being
geographical varieties of well-known types. Upwards of 100 moths
hare been collected, the maiority of tiusi being of a European

stamp, but probably a fourfh of the total number are pecnliar 1

1

the Madeiran group. Thirty-seven species of Kcuroptcra have bee^
observed in Madeira, 12 of them being so far as fs kiKiwn peculiar.
The bristle-footed worms of the coast have been studied by Prt.

fessor P. Laugerhans, who has met with about 200 species, of whicb
a large number were new to science. There are no modem convl
reefs at these islands, but several species of stony and flexible coraU
have been collected, though none are of commercial value. The<»
is, hoireTer, k white stony coral allied to the red coral of tl .

Mediterranean which would be valuable as an article of trade if t

could be obtained in sufficient quantity. Specimens of a rare ani
handsome red Paragorgia are to be seen in the Biitish Museum an i

Liverpool Museum.
Botantj,—The vegetation of these islands is strongly impresse|

with a South-European character. M.iny of the plants in thelowei
region have undoubtedly been introduced and naturalized since tho
Portuguese colonization. A large number of the remainder aro
found at the Canaries and the Aiores, or in one of these groups, butt

nowhere else. Lastly, there are about a hundred jjlants which aro
peculiarly Madeiran, either as distinct species eras strongly marke<^
varieties. The late Jlr Lowe undertook a description of the vegeta-

tion in his Manual Flora of Madeira, but unfortunately this valu-
able work has been left unfinished. The flowering plants found
truly wild belong to about 363 genera and 717 species,—the mono-
cotyledons uumbering 70 genera and 123 species, the dicotyledons
293 genera and 5S9 species. The three largest orders are the
Comj)Ositm, Lcguminosse, and Gramiraccas. Forty-one species of

ferns grow in Madeira, three of which are endemic species and sii

others belong to the peculiar flora of the North Atlantic islands.

About 100 species of moss have been collected, and 47 species of
Hcpaticx. A connexion between the flora of Jladeiia ami that of
the West Indies and tropical America has been inferred by the
presence in the former of six ferns found nowhere in Europe or
North Africa, but existing on the islands of the east coast of
America or on the Isthmus of Panama. A further relationship to
that continent is to be traced by the presence in Madeira of the
beautiful eiicaceous tree Clcthra arborca, belonging to a genus
which is otherwise wholly American, and of a Pcrsca, a tree laurel,

also an Amei ican genus. The dragon tree (Dracxna Draco) is almost
extinct. Amongst the trees most worthy of note are four of tho
laurel order belonging to separate genera, an Ardisia, Pittospomm,
Sideroxylon, Notdaca, Rhammis, and ilyrica,—a strange mixture of

genera to be found on a small Atlantic island. Two heaths of

arborescent growth and a whortleberry cover large tracts on the
mountains. In some parts there is a belt of the biianish chestnut
about the height of 1500 feet. There is no indigenous pine tree as

at the Canaries ; but large tracts on the hills have been planted
with I'inus pinas/cr, from which the fuel of the inhabitants is

mainly derived. A European juniper (J. Oryccdms), growing to

the height of 40 or 50 feet, was formerly abundant, but has been

almost exterminated, as its scented wood is prized by the cabinet-

maker. Indeed the flora has been recklcss.y defaced by the un-
sparing hand of man. Several of the native trees and shrubs now
grow only in situations which are nearly inaccessible, and some ot

the indigenous plants are of the greatest rarity. There are few

remains of the noble forests that once clothed the island, and these

are daily becoming less. On the other hand, some plants of foreign

origin have spread in a remarkable manner. Amongst these is the

common cactus or prickly pear {Opuntia Tuna), which in many
spots on the coast is sufficiently abundant to give a character to the

landscape. As to Algsc, the coast is too rocky and the sea too

unquiet for a luxuriant marine vegetation, consciiuently the specie!

are few and jioor.

Geology.—The hypothesis that the Madeiras during or since thft

middle part of the Tertiary epoch formed part of a large tract of

land connecting the Canaries in the south and the Azores in the

west with south-western Europe and northern Africa has been com •

pletely discredited by the discovery of the great depth of the sur-

rounding ocean. The origin of its existing fauna and flora, both o(

which must h-ive lieen very difl"erent if such a connexion had ever

been a fact, is now attributed to the chance arrival from Europe o/

Africa at distant intervals of the ancestors of the present species,

the winds and waves, birds and insects, having been the means ol

transport This immigration must have commenced at an earlf

date if the aboriginal flora is partly traceable, as is asserted, to the

Miocene flora of Europe, which has been found to contain geneni

now represented by species only living in ihe Atiar.ii; islands and
in America.

In one of the noithem ravines of Madeira some masses of hypci-

sthenite are exposed to view, and these are believed to belong to a

diabase formation (better displayed in some of the Canary Island?

than in Madeira) of much older date than the beds of basalt, tulT,

&c., constituting the rest of the island. It is therefore supposed

that there existed at an ancient but unknown epoch an island or

the foundation of an island composed of diabase rocks, which, after

being subjected to denudation, were overlaid by the materials thrown
out by volcanoes ol ^scene or later tiiues.
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All the islani39 of th« profp are of volcniiic oiigin, aiul rcci^nt

Bouniliiiga show tli.it they arc the summits of very lofty niountaiiis

which have their bases in an abyssal ocean. The Rreater jmrt of

what is now visible in Madeira is of subaerial formation, coiisisfiu},'

of an accumulation of basaltic and trachytic lav.is, beds of tulf ami
other ejcctamenta, the result of a long and complicated series of

eruptions from iniuimerable vents. Besides tnis operation of

building up by the emission of matter from craters and clefts there

is evidence that a certain amount of upheaval in mass has taken
place, for at a spot about 1200 feet above the sea in the northern
Tallcy of St Vicente, and again at about the same height on Pico
.luliana in Porto Santo, there have been found fragments of linie-

(itone nccomponieJ by tutfs contaLiiing marine shells and echinoderms
of the Miocene Tertiary epoch. We have here ]iroof that during or

since tliat epoch portions at least of these islands have been bodily

uplifted more than IdOO fei-t. The fossils arc sufficiently well pic-

Hserved to admit of their genera and in many mstauces even their

species being inado out.

That there were pauses of considerable duration whilst the island

of Madeira was being increased in height is proved by several facts.

The leaf bed and the accompanying carbonaceous matter, frequently

teamed lignite, althougli it displays no trace of structure, which lie

under 1200 feet of lavas in the valley of St Jorge, afford proof that

there Had been sufficient time for the growth of a vegetation of high
order, many of the leaf impressions having been identified as

bclouginff to species of trees and shrubs which still exist on the

island. It is evident, moreover, that great alterations and disloca-

tions had taken place in the rocks of various localities before other

lavas and tuffs had been thrown upon them.
There are no data for determining when volcanic action commenced

in this locality, but looking at the enormous depth of the surround-

ing sea it is clear that a vast period of time must have elapsed to

allow of a great mountain reaching the surface and then rising

eever.al thousand feet into the air. Again, considering the coni-

jiaratively feeble agents for effecting the work of denudation (neither

glaciers nor thick accumulations of alpine snow being found here),

and then the enormous erosion that has actually taken place, the
inference is inevitable that a very great lapse of time was required
to excavate the deep and wide ravines that everywhere intersect

the island. Nor is anything known as to the period of the cessation

of volcanic action. At the present day there are no live craters, or

smoking crevices, as at the Canaries and Cape Verds, nor any hot
springs, as at the Azores. On the slopes which descend from the
central ridge to the sea, especially in the neigbourhood of Funclial,
there are many hills with conical shapes of more or less regularity,

which seem to have been formed at a comparatively modern epoch.
Volcanic cinders and slag are lying upon several of them, which
look as if they had been thrown out of a furnace yesterday. Yet
round the base of others there may be traced streams of lava flowing
from a higlicr source, and showing that, subsequent to the con-
struction of these lateral conos, modern as they look, molten matter
issued from higher vents, which assumed, on cooling, the character
of ordinary compact b.asalt.

If we examine the general configuration of Madeira, we shall see
a mountiin ch.iin, about 30 miles in length, running east and west,
and throwing off lateral ridges, that give it an extreme breadth of
about 12 miles. Peaks rise about the middle to a height of more
than 60^0 feet ; and deep ravines, lying between the lateral ridges'
strike for the most part north and south from the central ridge to
the sea. In the sections afforded by the ravines, the nucleus of the
island is seen to consist of a confused mass of more or less stratified

rock, upon which rest beds of tutl', scorine, and lava, in the shape
ef btaalt, trap, and trachyt«, the whole traversed by dykes. These
beds are thinnest near the central axis ; ^s they approach the coast
tliey become thicker and less intersected by dykes. At the centre
of the island tliere are several summits cf nearly the same altitude,

and these are in some places connected by narrow walls and ridges,

which .are frequently quite impassable, whilst at others they ore
.«eparated by ravines of great depth. (In all sides are seen vertical

• iykes, projecting like turrets above the weathered surface of the
tefter beds.

In various parts of the island may he seen elevated tracts of com-
ivaratively level ground. These are supposed to have been formed
i)y the meeting of numerous streams of lava flowing from cones and
yoints of erupiioa in close proximity, Tarioua ejectamenta assistiDg

lit the same time to fill up inequalities. Deep down in some of

the lateral ravines may be seen andent cones of eruption which
have been overwhelmed by streams of melted matter issuing from
the central region, and afterwards exposed to view by the same
causes that excavated the ravines. These ravines may bo regarded
OS having been formed at fust by subterranean movements, both
gradual and violent, whicli dislocated the rocks, and cut clefts

throngh which strums flowed to the sea. In course of time the
waters, periodically swollen by melted snows and the copious rains

of winter, wouUl cut deeper and dee]>er into the heart of the

mountains, and would undermine the lateral elilfs, until the valleys

became as hrgc as we now lind them. Eveu the Curial, whicli.

frum its rounded shape and its p'osition in the centre of the icland,.

has been Usually deemed the lUins of a crater, is thought to be

nothing more than a valley scooped out in the way described. The
rarity of crateiiforni cavities in Madeira is very remaikable. There
exists, however, to t!ic east of Funchal, on a tract 2000 feet high,

the Lagoa, a small Imt perfect crater, 600 feet in diameter, and
with a depth of 150 feet; and there is another, which is a double

one, ill the district known as Fanal, in the north-west of Madeira,

nearly 5000 feet above the sea. The basalt of which much of the

outer part of the island is composed is of a dark colour and a tough

texture, with small disseminated crystals of olivine and augite.

It is sometimes full of vesicular cavities, formed by the expansion

of imprisoned gases. A rudely columnar structure is very often

seen in the basalt, but there is nothing so jierfect as the columns of

StaH'aor tlie Giant's Causeway. The trachytic rocks are small in

quantity compared witli those of the basaltic cla.ss. The tufa is

soft and friable, and geneiially of a yellow colour ; but 'jhere it has

been overflowed by a hot stream c\C lava it has assumed a red colouc.

Dlack ashes and fragments of pumice are sometimes found in the

tufaceous strata.

'J'lio mineral contents of the rocks of Jladeira are unimportant.

There are no metallic ores, nor has any sulphur been found ; but a
little iron pyrites and specular iron are occasionally met with.

The basalt yields. an excellent building-stone, various qualities o£

which are quarried near Cama dos Lobos, 6 or 6 miles west of Fun-
chal.

At Porto Santo the trachytic rocks bear a much greater proportion

to the basaltic than iu Madeira. An adjacen^ islet is formed of

tuffs and calcareous rock, indicating a submarine origin, upon
which supramarine lavas have been poured. The older series

contains corals and shells (also of the Miocene Tertiary epoch), with

water-worn pebbles, cemeated together by carbonate of lime, the

whole appeal ing to have been a coral reef near an ancient beach.

The calcareous rock is taken in large quantities to Funchal, to be

burnt into lime for building purposes.

PoKTO Santo.—This forms a single concelho and parish, about

25 geographical miles north-east of Madeira. It has a length of 6}
geographical miles and a width of 3. A stationary population of

about 17rO persons inhabits 435 houses, chiefly collected at one

spot known as the Villa, where a lieutenant-governor resides. The
island is very unproductive, water being scarce and wood wholly

absent. Aronnd the little town there is a considerable tract of

pretty level ground covered by calcareous sand containing fossil

land shells. At each end of the island there are hills, of which Pico

do Facho, the highest, reaches the altitude of 1600 feet Barley,

but little else, is grown here, the limited requirements of the in-

habitants being supplied from Funchal by means of small sailing

vessels.

The Desertas.—These are three uninhabited rocks lying about

11 miles south-east of Madeira. They are not easily accessible, as

they present lofty precipices to the sea on all sides. Rabbits and
goats abound on them. The archil weed grows on the rocks, and
is gathered for exportation. The largest islet is 6^ miles long, and
attains the height of 2000 feet. These rocks are conspicuous objects

iu the sea-views from Funchal. (J. Y. J.)

MADISON, a city of the United States, the county

Beat of Jefferson county, Indiana, is situated on the north

bank of the Oliio, 90 miles below Cincinnati, and 44 above

Louisville, with which it has daily steamboat communica-

tion. As the terminus of one of the divisions of the

Jeffersonville, Madison, and Indianapolis Eailroad, Madison

commands extensive means of traffic ; and its provisioa

trade especially has attained important dimensions. Pork-

packing is also carried on, and brass and iron foundries,

tanneries, and flour-mills appear among the industrial

establishments. The population was 8012 in 1850, 8130
in 18G0, 10,709 in 1870, and 8945 in 1880.

MADISON, a city of the United States, the. capital of

Wisconsin, and sent of justice of Dane county, lies towards

the south of the State, in 43° 4' N. lat. and 89° 21' W.
long., 75 miles west of Milwaukee. In the beauty of its

situation it lias few rivals, occupying as it doea the
undulating isthmus between Mendota aiid Menona, two of

the lakes which give name to the Four Lake Region, con-

nected with the Mississippi by Yahara or Catfish river and
Eock river; and the cool summer climate, which it owes
to the fact that it stands 788 feet above the level of the sea,

and 210 feet above Lake Jlichignu, renders it i health
resort of some value, especially for consumptive patients.

Tito State capitol, situated in the midst of a fine!; wooded
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park of 1 3 acres, is a rather imposing but hybrid edifice

of white limesttne crowned by a central dome rising 200

feet above the level of the basement ; it was originally

built in room of an earlier capitol in 1860, at a cost of

$400,000, and Las since been greatly enlarged. About a

mile to the west of the capitol stand, on the high grounds

known as College hill, the buildings of the Wisconsin

university, an institution dating from 1850, and attended

by about eight hundred students. Other buildings of

note are the United States post-office and court-house, the

soldiers' orphans' home, and at some distance from the city

the State lunatic asylum. The Wisconsin Historical

Society has a, library of 58,000 volumes. Various

lines belonging to the Chicago and North-W^estern

Railway and to the Chicago, Milwaukee, and St Paul

Railway meet at Madison ; and tho city has not only a

good general trade, but manufactures ploughs and other

agricultural implements, waggons, woollen goods, and flour.

The population, which was only 1525 in 1850, appears in

the three later censuses as 6611, 9176, and 10,325.

When the site was selected (1836) for the capital of the

territory of Wisconsin it was altogether unoccupied.

MADISON, Jasdes (1751-1836), fourth president of the

United States, was born in King George county, Virginia,

on the 16th of March 1751, during a temporary visit of his

mother to her relatives. His father was the owner of large

landed estates in Orange county, Virginia, and was a man
of distinction in tho county. In 1769 Madison entered'

Princeton College in New Jersey, and graduated as B.A.

in 1771 ; but he remained another year at Princeton study-

ing under the direction of President Witherspoon. His
close application to study had seriously impaired his health,

which continued delicate for many years. Returning to

Virginia in 1772, he pursued his reading and studies, how-
ever, with the same zeal as before, the subjects chosen being
particularly those of philosophy, theology, and law.

Madison had as yet taken no active part in the exciting

politics of tho time. In 1775, however, he was chairman
of the committee of public safety for Orange county, and
in the spring of 1776 he was chosen a delegate to the new
Virginia convention, which formed a constitution for the

State. Failing to be re-elected in 1777, he was chosen in

that year a member of the council of State, in which he
took a prominent part until the end of 1779, at which
time he was elected a delegate to the Continental Congress,

later the Congress of the Confederation, It was in this

assembly that Madison first displayed those powers which
nltimately made him the founder of the constitution of

the United States. He was in Congress during the final

Btages of the revolutionary war, and one year after the
establishment of peace, at a time when the confederation
was in a chronic state of collapse, occasioned by the neglect

or the refusal of the States to respond to the requisitions

of Congress for supplies for the federal treasury, Madison
was among the first to advocate the granting of additional

powers to Congress. In 1781 he favoured the amendment
of ths articles of confederation, giving to Congress the
power to enforce its requisitions ; and in 1783 he zealously

advocated the proposed plan by which the States should
grant to Congress for a period of twenty-five years the
authority to levy an impost duty. Accompanying this

plan was an address to the States drawn up by Madison.
This address is one of the ablest of his state papers, and
with others of this period placed him in the front rank of

American statesmen.

In November 1783, the constitutional limit of his term
as deputy having expired, Madison returned to Virginia,

and the next year he again took a seat in the legisla-

ture of that State. As chairman of the judiciary committee,
he was particularly instrumental in revising the statute

laws of the State. He opposed the further issue of"paper

money by the State, and tried to induce the legislature to

repeal the law confiscating British debts.

As a member of the legislature of Virginia, Madison did

not lose sight of the interests of the confederacy. He
looked beyond mere local interests, believing that the

highest good of the State would best be advanced through
a respected central Government. Virginia and Maryland
possessing a common jurisdicfton oven the waters of the

Potomac river and the Chesapeak Bay, it became necessary

to come to some agreement between them as to the com-
merce and navigation upon those waters. On Madison's

proposal, commissioners of the two States met at Mount
Vernon in March 1785. Maryland having proposed to

invite the States of Pennsylvania and Delaware to join in

the arrangement, JIadison saw an opportunity for a more
extended and general concert in regard to commerce and
trade, and proposed that all the States should be invited

to send commissioners to take into consideration the trade

of the United States. This resolution wds adopted by the

legislature of Virginia; and thus was inaugurated the move-
ment which led to the meeting at Annapolis in 1786, and
later to the convention at Philadelphia in 1787. The
palpable defects in the government of the confederation

had led Madison to make an extended study of con-

federacies, ancient and modern. Ainong his papers was
found one bearing the title ^'otes on Confederacies, but he

gave the results of these researches more at length in

Nos. 17, 18, and 19 of T/te Federalist, His conclusion

was that no confederacy could be long successful which
acted upon States only, and not directly upon individuals.

As the time for the meeting of the convention approached,

he drew up an outline of a new system of government to

take the place of the articles of confederation.

As expressed in a letter to General AVasIiington of the 16th of

April 1787, it was in substance that the individual sovereignty of

th^ States is totally iireconcilable with the aggregate sovereignty,

and that a consolidation of the whole into one simple republic would
be as inexpedient as it was unattainable. He sought therefore some
middle ground, which might at once support a due supremacy of

the national authority and not exclude the local authorities when-
ever they might be subordinately useful. He proposed, to this

end, to change the basis of representation in Congress from States

to the population.

The national government should , have authority in all cases

re(xuiring uuiformity. In addition ' to this positive power, the
national government should have a negative on all State laws " as

heretofore exercised by the kingly prerogative." This negative,

he thought, would best be vested in the senate, which should be a
comparatively permanent body.

The national supremacy should extend to the judiciary depart-

ment and to the militia. The legislature should be composed of

two branches—one, the more numerous, elected for a short term, the
other, few in number, for a longer term. A national executive

should be provided for, and the States should be guaranteed a^inst
both internal and external dangers. The right of coercion should
be expressly declared. "But the difficulty and awkwardness of

operating by force on the collective will of a State rendered it

desirable that the necessity of it should be precluded." He thought
the negative on State laws might answer the purpose. This was
a weak point in Madison's theory of government. He thought,
with Jefferson, that there could be found some means of governing
without resorting to force. Lastly, "to give the new system ita

proper validity and energy, a ratification must be obtained froni

the people, and not merely from the legislatures.

"

)

These ideas, somewhat modified and extended in details,

formed the Virginia plan of government, presented in the

convention by Edmund Randolph; and this plan, again,

became the basis of the extended deliberations in the con-

vention which resulted in the constitution adopted in that

body on the 17th of September 1787. In the convention,

as a delegate from Virginia, Madison took a leading pert

in the debates, of which he kept notes which were afterwards

pu'olished by order of Congress. It was his influence which

largely shaped the form of the final draft of the constitution.

^ But tbf labour was not finished with this draft; the coo'
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teilTution was yet to be accepted by tUe people ; that it was
accepted was due ia an eminent degree to the efforts of

53.dison. In order to place the new constitution before

i^hie people in its true light, and to meet objections brought

against it, he joined Hamilton and Jay in the publication

of a series of essays, which were published in a collected

form in 178S under the name of The Federalist, and which
are still worthy of careful study.

In the Virginia convention for ratifying the constitution

he was again called upon to defend that instrument, and
against such staunch patriots as Patrick Henry and George
Mason. Jladison here appeared at his best.- He answered

every objectiot> in detail, calmly, yet with an eloquence and
zeal that carried conviction to his audience. The result

was a victory against an adverse public opinion, as well as

against the eloquence of his opponents.

Although he remained in the public service for nearly

twenty-five years longer, his greatest work was finished

with the adoption of the constitution. He had gained the

well-earned title of " father of the constitution." The part

he had taken, however, alienated from him the support of

a majority of the people of his State. He was defeated as

a candidate for United States senate, though he was chosen

in his own district as representative to Congress. Taking
his scat in the Lower House in April 1789, he assumed a

leading part in the legislation necessary to the organization

of the new government. To Hamilton's measures, how-
ever, for the funding of the debt, the assumption of the

State debts, and the establishment of a national bank, be
was opposed. On other questions, too, he sided with the

Anti-Federalists, and gradually assumed the leadership of

the opposition in the House of Eepresentafives.

One would have expected to find him advocating with
Washington, Hamilton, Marshall, Jay, and' others those

measures which would strengthen still more the federal

government. On the contrary, we find him labouring to

confine the powers of the national government within the

narrowest possible limits.

Much has been said in regard to Madison's change of

principles at this time. It has been intimated that he was
influenced, perhaps unconsciously, by the decided attitude

of his State, but especially by the dominating mind of

his most intimate friend, Jefferson. Probably there is

something of truth in this charge, yet it must be said

that Madison had shown on many previous occasions an
aversion to a liberal construction of granted powers.

Timid by nature, he was frightened at the bold and com-
prehensive measures of the secretary of the treasury. He
thought he saw in thein a constructive latitude of inter-

pretation and a centralization of interests dangerous to

republican principles.

Madison opposed also the foreign policy of the adminis-

tration in 1793-96, in its attempts to maintain a neutral

position between Great Britain and France, then at war
with each other. And under the signature of " Helvidius "

li6 published in the public journals five papers of great

power and acuteness, criticizing the " monarchical preroga-

tive of the executive" as exercised in the proclamation of

i\eutrality of 1793, and the right of the recognition by the

president of foreign states. So far as the question of inter-

national law was concerned, JIadison was essentially right,

but in regard to the authority of the executive, and tho

((uestion of the expediency of Washington's neutral policy,

tho subsequent practice of the Government and the general

verdict of history condemn his view. In 179-t Madison
introduced in tho House of Representatives resolutions

based upon Jefferson's report on commerce, advising

retaliatory measures against Great Britain and a discrimi-

nation in commercial and navigation laws in favour of

France. Again, in 179G he strenuously opposed the

appropriation of money for the ptirpose o'f carrying Into
effect the treaty of 179-t with Great Britain. He scouted
the idea as visionary that Great Britain would go to war
on a refusal to carry the treaty into effect. It was not
conceivable, he thought, that she would " make war upon
a country which was the best market she hadfo? her manu-
factures." It had been a favourite theory wiih Madison
as with Jefferson, that foreign nations could be coerced
through their commercial interests. The fallacy of this
doctrine was well exemplified by its utter inefficiency when
put in practice by them in 1807-12.

In 1797 Madison withdrew to private life, though not
to a life of inactivity. In 1798 he was induced by
Jefferson to join in a movement in opposition to the Alien
and Sedition Laws passed by the Federalists in that year,
and was himself the author of the Virginia resolutions,
which declared

—

" That the constitution of the United States was c compact, to
which the States wore paities, granting limited powers of govern-
ment ; that in case of a deliberate, palpable, and dangerous exer-
cise of other powers, not granted by the compact, the States had the
right, and were in duty bound, to interpose for arresting the pro-
gress of the evils and for maintaining within their respective
limits, the authorities, rights, and liberties pertaining to them ;

that the Alien and Sedition Lnws were such infractions of the
compact;. . . . and finally that the State of Virginia declared those
laws unconstitutional and not law, but utterly null, void, and of no
effect, and invited the other States to join her in this action."

These resolutions, with those of Kentucky drawn by
Jefferson, met with decided objections from the other

States. Upon these objections Madison made a report to
the legislature of Virginia, consisting of an elaborate and
carefully considered argument sustaining in every point

the resolutions of 1798. Thirty years later these argu-

ments were freely made use of by Calhoun and his school

of nullifiers as the basis of their doctrine. But Madison,
in 1830, repudiated the idea that the resolutions of 179S
involved the principles of nullification. He wrote at that

time many letters to public men, and especially one to

Edward Everett, in August 1830, to prove this position.

The nullifiers were not corivinced, however, by this reason-

ing, and continued to use his arguments in favour of their

doctrine, till it became a source of great annoyance to him.

With the rise of the republican party to power in 1801,
Madison became secretary of state in Jefferson's cabinet,

—

a position for which he was well fitted both by his tempera-

ment and his training, well versed as he wjis in constitu-

tional and international law, and practising a calmness

and fairness in discussion which are essential qualities of

the diplomatist. In defending the neutral rights of the

United States against the encroachments of European
belligerents (1801-9), there was almost constant need of

the use of all those qualities. The most important of his

papers during this period was Aii, Examination of the

British Doctrine which subjects to capture a neutral trade

not open in time ofpeace, that is, the so-called " rule of the

war of 1756," as extended by Great Britain in 1793 and
1803. This treatise, published in 1806, was an argument
against the British doctrine, drawn from a careful inves-

tigation of authorities on international law, and was a
valuable contribution to tho discussion of a question

which, for various reasons, has now lost its importance.

In 1809 JIadison was elected president to succeed

Jefferson, whose peace policy—a policy of commercial re-

strictions to coerce Great Britain and France—he. con-

tinued to follow until, in 1812, he was forced by his party

to change it for a policy of war. He had been, under the

lead of Jefferson, a great lieutenant ; he had for the most

part furnished the arguments in support of the republican

policy since 1790 ; but he did not possess the qualities of s

leader. His cabinet was in part forced upon him in 1809

by a senatorial clique, and his administration lacked vigour,
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particularly during tlie war of 1812-15. He htid never
been a partisan in politics, and was averse to forcing Lis

Views upon others, except in so far as he could do so by
impartial arguments. In argument, he was not satisfied

with generalities ; his reasoning went to the foundation of

principles—to the itiinutest details, sometimes almost pain-

fully so. Hi* analysis of the arguments was powerful and
searching. la this he resembled Hamilton; but his con-

clusions were reached through a laborious process of induc-

tion, whilst those of Hamilton seemed more the result of

intuition. Madison, moreover, lacked Hamilton's boldness

of conception and courage in assuming the responsibility

of Lis theories. The difference between them was the

difference between great talent and genius.

Madison served two terms as president, and in 1817
retired to Montpellier, his country seat in Virginia. For
nearly twenty years thereafter he was engaged in agricultural

pursuits, but was ever interested in literature and politics.

To the time of his death he continued to be consulted by
statesmen as an oracle on all constitutional questions.

In character he was mild and conciliatory ; and, wliether

in power or in opposition, he never lost the friendship or

confidence of his political opponents. His death occurred

on the 28th of June 1836.
His Zclters and Writings, in 4 vols., were published by order of

Congress in 1865. 7'he Madison Papers, a icviort of debates during
the Congress of the Confederatioo, nnJ reports of debates iu tlie

FedenI Convention, were also published by order of Congress. Tlic

History of the Life and Times of Madison, by William C. Rives, iu

3 vols., comes down only to 1794.

MADRAS, a presidency of British India, occupying,

with its dependencies, the entire south of the Indian

peninsula, and washed on the east by the Bay of Bengal
and on the west by the Indian Ocean. The north boundary
is extremely irregular. On the extreme north-east is the

Bengal province of Orissa ; then the wild highlands of the

Central Provinces ; nest the dominions of the nizAm of

Hyderabad ; and lastly, on the north-west, the Bombay
districts of DhilrwAr and North KAnara. The extreme

length from north-east to south-west is about 950 miles,

and the breadth 450 miles ; the area of the British districts

(1879) is 138,856 square miles, and the population in

1871 was 31,672,613. The live native states attached to

Madras—Travancore, Cochin, Puducotfah, Banganapalli,

and Sandilr—have an additional area of 9818 square miles,

and a population of 3,289,392, making a grand total area

of 148,674 square miles, with a population of 34,962,005.
»• General Aspecf.—^From a physical point of view, the

Madras presidency may bo roughly divided into three tracts

— (1) the long and broad east coast, (2) the shorter and
narrower west coast, and (3) the high interior table-land.

These divisions are determined by the great mountain
ranges of the Eastern and Western GhAts. The Eastern

OhAts form a continuation of the confused hill system of

ChutiA Ndgpur. They run in a south-west direction

through almost the entire length of Jladras until they lose

themselves in the Nllgiris, and there join the Western
Ghilts. Their average height is only 1500 feet, and for the

most part they leave a broad expanse of low land between
their base and the sea ; their line is pierced by three great

rivers—the GodAvari, Kiatna, and KAveri (Cauvery).' The
Western GhAts stretch continuously along the shore of the

Indian Ocean. Rising steeply at a distance of from 30 to

50 miles from the coast, they catch almost the whole rain-

fall of the monsoon; and within Madras territory not a
3ingle stream breaks through their barrier. Some of the
peaks attain an elevation of more than 5000 feet. Between
these two ranges lies the central table-land, with an eleva-

tion of from 1000 to 3000 feet, which includes the whole
of Mysore, and extends over about half a dozen districts of

Madras. The three principal rivers above-mentioLsd, each

having a large tributary system, all rise in the Weslenr
Ghits, and run across the peninsula in a south-east direction
into the Bay of Bengal. In the upper parts of their coursa-

they drain rather than water the country through which
they flow, and are comparatively valueless either for
navigation or for irrigation ; but before reaching the sea
they spread over alluvial deltas. Other but smaller rivers

of the same character are the North and South Penuir or
PonniyAr, Palar, VAigai, Vellar, and Tambraparni. The
two main hill systems have been already described (seo

GhAts, voL X. p. 559). The Nilgiris, which join these,

culminate in Dthlabetta (86^0 feet), the loftiest peak ir»

southern India. There ore, besides, many outlying spurs
and tangled masses of hills, of which the Shevaroys, Ana-
malais, and the Palnis are the most important. The
principal lake in the presidency is that of Pulicat on the
east coast, which is 33 miles from north to south, and
forms an important means of communication between
Madras city and the north districts. On the west coast

are a remarkable series of backwaters or lagoons, fringing

the seaboard of KAnara, JIalabar, and Travancore. Tha
largest is the backwater of Cochin, which extends for a
distance of 120 miles from north to south.

The mineral wealth of the province is as yet undeveloped.
Iron of excellent quality has been smelted by native smiths
in many localities from time immemorial ; but attempts ta

work the beds after European methods have hitherto proved
unsuccessful. Carboniferous sandstone extends across the
GodAvari valley as far as Ellore but the coal has been
found to be of inferior quality. Sc.entific researches^

have proved the existence of gold in the Nilgiris, in suf-

ficient quantity to render outlay on it profitable ; nnd
several companies, representing a large amount of capital,

have been formed for working the mines. Among other

minerals may bo mentioned manganese in the Nilgiris and
Bellary ; copper and lead ores in many parts of the Eastern

GhAts ; antimony and silver ; and corundum in the valley

of the KAveri. Garnets are abundant in the sandstone \>l

the Northern Circars, and diamonds of moderate value ara

found in the same region. Stone and gravel quarries urft-

very numerous.

The Forest Department of Jladras was first organized in

1856, and it is estimated that forests cover a total area of

more than 5000 square miles, the whole of which is under
conservancy rules. For supplying fuel to the railways aa
area of about 160,000 acres is strictly conserved. In the

remaining forests, after supplying local wants, timber i*

either sold direct by the department, or licences are granted

to wood-cutters. The more valuable timber-trees comprise

teak, ebony, rosewood, sandal-wood, and redwood. The
Government plantations cover an area of 9000 acres.

The trees thus artificially reared are teak, sandal-wood^

Casuarina, and Eucali/ptits. The finest teak plantation

(over 3000 acres) is near Beypur in Malabar. At
Mudumalli there ere plantations of both teak and sandal-

wood ; and the Eucalyptus or Australian gum-tree now
grows on the Nilgiris in magnificent clumps. The total

value of timber and wood exported was £95,801 in

1875-76, and £122,413 in 1880"-81.

The wild animals are those for the most part common
to the rest of India. Those deserving mention are the

elephant, bison, sambur, and ibex of the "Western GhAts

and the Nilgiris. Bison are also found in the hill tracts

of the Northern Circars. In Travancore state the blac.k

variety of leopard is not uncommon. In 1880-81 182

persons and 11,628 cattle were returned as killed by wild

beasts. The number of persons killed by snake-bites in

1880 was 928. TL, elephant is now protected by lavr

from indiscrimina'.s destruction. ' The agricultural re-

turns for 1880-81 report the number of buffaloes aa
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X"324,435, bullocks 3,228,907, cows 2,873,979, goats

^603,407, sheep 4,082,411, h rses 898G, and elepLants

li.32. The cattle are small, but in Nellore and along the

Mysore frontier a superior breed is carefully kept up by

the wealthier farmers. The best buffaloes are imported

from the Bombay district of DhArwAr. Experiments in

aheep breeding have been made at the SaidApet model farm,

with fair success.

Population.—The first census, in 1822, returned the population

*s 13,476,923, and an enumeration in 1866-67 gave 26,639,052.

The census of November 1871, however, was the first conducted in

regular form. The following table gives the results for the British

districts of the presidency. According to the preliminary return

tho total population at the census in 1871 was 30,839,181

<15,242,122 males and 15,597,059 females). This would seem to

ahow that tho loss caused by the famine of 1876-78 lias been nearly

made up.

Area, Population, <t-c., of Madras Presidency in 1871.

' ji Name of DUtilct. Sq. Miles.

iGanjdin
'VizaKapattt-.a ...

fGod^ivat't .-

•jKlstna
.tielloiQ

UDuddapah
nSellavy
rKamOl
'Chengalpat
Nortli Arcot ....

South Aix-ot ....

TanJoL'O
Ti-iclrinopoll ....

Madura
\TlnneveIlt

Coimbatore .. ..

Kflglrij

Salem
South Kdiiara..

Malabar
Hadl-as city ....

Total.

8,313

18,341
6,224

8,036
8,462

8.3G7

ii.oor
7,353

2,753
7,139

4,873

3,664
8,515
9,602
5,176

7,432
749

7,433
3,902

6,002

27

133,313

VUlngeS.

4,6C2

8,681

2,202

2,140
2,174
1,337
2,5C3

767
2,302
6.292'

3,198

3,936
1,C44

6.4.',9

1,824

1,575
17

4,021

1,283
432
23

Houses.
Populo-
tlOfl.

341,404
489,419

389,712
282,358

263,820
339,003
361^943
205,884
141.431

329,844
228,761
309,984
210,690

443,513
403,803
361,109
13,923

391,519
134,569

435,462
61,741

55,421 6,229,954

1.520,033

2,159,199

1,592,939

1,452,374

1,370,811

1.351,194

1,068,006

959,610
938,184

2,015,278

1.756.817

1,973,731

1,200,403

2,266,615

1,093,959

1,763,274

49,501
1,900.995

918,362

2,201,250

397,552

Inhab. per

Sq. Jlil<

31,281,177

182-9

117-7

253-9

180-7

1027
161-5

151-5

130 4
340-7

232-3

300-3

640-1

311-5

238-5

327-3

237-3

6G-0
262-9

235'4

376-7

14,724-1

220-2

Hindus numbered 28,863,978 ; Mohammedans, 1,857,857; Chris--

tians, 533,760 ; Jains, 21,254 ; and "others," 4328. The Hindus
<92-3 per cent, of the whole) are subdivided into 16,159,610
Sivaitos, 11,657,311 Vishnuvites, 154,989 Lingayats, and 892,068
"others," includiuw hill tribes,! The Sivaites are most numerous
in the extreme south and on the west coast, while tho Vishnuvites

are chiefly found in the northern districts. The Lingayats may be
<ie3cribed as a sect of Sivaite puritans, who derive their name from
their practice of carrying about on their persons the lingd or emblem
•«f Siva. Of Hindu castes, Brahmans number 1,094,455. They
follow various pursuits, and many of them are said to be recent

immigrants, who came south in tho train of the Mahratta armies.

A peculiar caste of Brahmans, called Nambuii, is found in Malabar,

•who are said to be deecendcd from fishermen. The Kshattriyas, or

-warrior caste of the ancient Hindu organization, number only

M0,415. The three trading castes of C'hettis, Beri Chottis, and
Komatis number 714,712, and e.-<cept in Kanara district still retain

in their hands nearly all the commerce of tho country. Agricul-
tural castes number 7,826,127 ; the highest classes among them do
not cultivate with their own hands, and many of them formerly
licld their lands on a military teiime. The pastoral castes number
1,730,631, but a. largo propoi-lion of them have now abandoned their

liereditary occupation. Artisans nui|iber 785,085, of whom nearly
one-half are workers in metal. Weavers number 1,017,781, but
flieir iiiilustry is now decayed owing to Manchester competition.
Tho labouring castes are returned at 3,944,463. Fishing and
hunting castes number 971,837, but many have now betaken them-
selves to agriculture. The palm cultivators and toddy makers
amount to 1,664,862. Out-castes (Pariahs) number 4,761,503 ; in
tho country round Madras they form about one-quarter of the total

jwpulation. Up to the close of the last century they lived in a
state of slavery to the superior castes , and they are still compelled
by custom to live in separate hovels outside tlio boundary of tho
Tillage, and to perform all menial services. They are described as a
laborious, frugal, pleasure-loving people, omnivurous in diet, and
capable of performing much liard work. Unclassified . Hindus
(4666,890) consist of aboriginal hill races and wandering tril)es.

numerically tho most important are the Kandhs and S.auras, two
«te!nate races who inhabit the mountainous tracts of the Eastern
<Jn.1ta attached to several of tho largo :aminddrls of Ganjam and
Yjjlgapatam. On the Nilgiiis, tho aboriginal tribe best knnvn to

XnrOpeans is the Todas, a stalwart, haughty race, who domineer over
•lie more timid jungle folk, and confine themselves to the pasluuiig
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of bufl"aloe3. It is believed that the Todas are now dying out, for
in 1871 they numbered only 693. The principal wandering tribes

are the Brinjaris and Lambadis, who are to bo found in all parts

of the country as carriers of grain and salt.

The Mohammedans are thus subdivided:—Sunuis, 1,654,529;
Shias, 69,302 ; Wahhabis, 3954 ; unspecified, 130,072. A more
familiar division is a race one :—Labbay, Mopla, Arab, Shaikh,
Sayyid, Pathan, and Mughal. The Labbays (312,088) are the de-
scendants of Hindu converts, and are traders by hereditary occu-

Eation, although many now employ themselves as sailors and
shermen. The Moplas (612,789) are the descendants of Malayalam

converts to Islam,—the head of tho tribe, the rajd of Kananiir,

being descended from a fisher family in Malabar. They are a hard'?

working, frug.il people, but quite uneducated and very fanatical,

and under the influence of religioua excitement have often disturbed

the public peace. Tho Shaikhs number 611,112, the Sayyida

89,219, the Pathdns 70,943, and the Mughals 12,407.

Christians are moro numerous in Madras than in any other part

of India. They number in the British districts 533,700, of whom
40,879 are Europeans or Eurasians, and the remainder native con-

verts ; Roman Catholics number 397,071, and Protestants 83,228.

In Travancore and Cochin states the native Christians are still moTO
numerous, constituting as much as one-fourth of the population.

The Roman Catholics, whose number throughout southern India

is estimated at upwards of 650,000, owe their origin to St Fran-

cis Xavier, and the famous Jesuit mission of Madura ; they are

partly under the authority of the archbishop of Goa, and partly

under twelve Jesuit vicariates. Protestant missions date from the

beginning of the last century. The Danes were the pioneers ; but

their -work was taken up by the Society for Promoting Christian

Knowledge, under whom laboured the great Lutherans of the last

century—Schultz, Sartorius, Fabricius, and Schwartz. The Church
Missionary Society entered the field iu 1814 ; and subsequently an
American mission joined in the work. The total number of

Protestant native Christians in southern India (British and native)

in 1878 -was 296,408.

Urban life may be said to be more highly developed in Madras
than in, Bengal or Bombay. Populous cities, indeed, are not

numerous, but there is an unusual proportion of towns with from

2000 to 20,000 inhabitants. Tho six cities with a population of

more than 50,000 are—Madras city (1871), 397,552; Trichinopoli,

76,530 ; Tanjore, 52,175 ; Madura, 61,987 ; Bellary, 61,766;

Salem, 50,012.

Agriculliirc.—Over the greater part of the area of Madras arti-

ficial irrigation is impossible, and cultivation is dependent upon the

localT-ainfall, which rarely exceeds 40 inches a year, and is liablo

to fall irregularly. Tho Malabar coast is tho only part where the

rainfall brought by tho south-west moijsoon may be trusted both

for its amount and regularity. Other districts, such as Bellary,

are also dependent upon this monsoon, but in their case the raiu

clouds have spent themselves in passing over the 'Western Ghats, and

cultiration becomes a matter of hazard. Over the greater part of tho

presidency the rainy season is caused by tho south-east monsoon^

which breaks about the end of September. The deltas of the

Godavari, Kistna, and K.averi rivers are the only spots on the east

coast which artificial irrigatiou is able to save from risk of

occasional scarcity. Of the total cultivated area about 80 per cent^

is returned as " dry " land, or that which is solely dependent upon'

local rainfall ; 15 per cent, as "wet" land, irrigated from river

channels ; 2 per cent, as garden land irrigated from wells ;
and

about 3 per cent, fallow and pasture. The principal food staples

are rice, cholam, hambu, ragi, and varagit. The most common oil-

seed is gingelly. Garden trops comprise tobacco, sugar-cane, clulliea,

betel-leaf, and plantains. The fruit trees are cocoa-nut, aicca-nut,

date and palmyra palm, jack, tamarind, and mango. Special crops

include cotton, indigo, cofl"ee, tea, cinchona. The principal coffee

tract stretches along the slopesof the Western Ghats from the north

of Mysore almost down to Capo Comorin. The larger portion of

this area lies within Mysore, Coorg, and Travancore states, but

Wainad and the Nikiri hills are within Mnibas. The first coffee

plantation was opened in the Wainad iu 1840. Many of the early

clearings proved unprofitable, and the enterprise made little pro-

gress till about 1855, iu which year the total exports were 32,000

cwts. Coflee, which is much cultivated on the Nil^iris, now covers

in the whole presidency 131,348 acres. The tea plant was also in-

troduced into the Nilgiri hills about 1840, but was not taken up as

a commercial speculation till 1865. The area under tea is over

4000 acres, and the exports in lSSO-81 were 263,940 lt>. The
cinchona plant was successfully introduced into the Nilgiri hills by

Government in ISOO. In 1880-81 847 acres were uuder cultiva-

tion ; 1,087,637 plants ivcre raised; and tho receipts of sales were

£39,618, the amount in 1875-76 being only £4989. Tobacco is

extensively grown in Godavari and Kistna districts. The gnati-r

part I'f tho soil in Madras is licM by tho cultivators direct from

Government under the tenure known as nUjalwari. . The average;

rate of Government assessment is about 2s. 3d. iwr acre on unirrf-;

gated and 9s. Cd. on irrigated laud. In 18S0-81 the total revenue
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from tliis source amounlcd to £<, 170,052. Besides these lands in

the hands of the Government, there are also proprietary or sa.iiin-

diriestates m.aU parts of the country. These estates are either the

Remains of ancient principalities, which the holder cannot sell or

encumber beyond his own life interest, or they are creations of

British rile and subject to the usual Hindu custom of partition.

The total area of the zaminddrl estates is about 21 million acres,

br one-fourth of the whole presidency. The pcslJMsh or tribute pay-

able to Government in perpetuity amounts to about £500,000 a

year. Indnis, revenue-free or qult-raat grants of lands m.ide for

religious endowments or for services rendered to the state, occupy

an aggregate area of a little over 1,^00,000 acres.

Manufactures.—Madras possesses few staple manufactuies. The
preparation of toe coffee berry for export constitutes the one great

business earned on by means of European capital and tmdcr Euro-

pean supervision, liidigo is Ba.n;ifactured in considerable quan-

tities, but of inferior quality. The more important of the large

manufactories are three cotton miUs in JIadras, a weaving estab-

lishment maintained by the Basel missioii in South Kanara, sugar

works in Ganjdm and South Arcot, and a jute factoiy at Vizaga-

patam. Up to the close of the last century cotton goods consti-

tuted the main article of export. Masulipatam, wliere the first

English factory on the Coromandel coast was established in 1620,

enjoyed a special reputation for its chintzes, which were rained for

the freshness and permanency of their dyes. There is still a small

demand for these articles in Burmah, the Straits, and the Persian

Gulf; but Manchester goods have nearly beaten the Indian exporter

eut of the field. Native looms, however, still hold their ov,ii in

the local market, in face of strenuous opposition. After weaving,
working in metals appears to be the most widespread native in-

dustry. Among local specialities which have attracted European
curiosity may he mentioned the jewellery of Trichinopoli, orna-

ments of ivory and horn worked at Vizagapatam, and sandal-wood
earring at Kanara. The manufacture and sale of salt is a Govern-
ment monopoly, carried on imdcr close supervision. The process

employed is Bolsr evaporation, and the entire eastern coast-line

from Orissa to Cape Coraoriu affords natural facilities for the in-

dustry. The preparation of orrack and toddy spirit is also a
Government monopoly. On the, Nilgiri hills and at Bellary

eountry beer is manufactured by EuiBpean firms subject to an
excise duty of 6d. per gallon.

Jiailways.—Two guaranteed railway companies, the Madras and
the South Indian, have tlicir lines almost entirely within the

presidency. The Madjas Railway, which connects at Kdicliur with
the Great Indian Peninsular system, runs south-east to Madras, and
then west across the peninsula to Beypur, with branches to Bellary

and Bangalore. The '.otal length open in 1881 was 853 miles ; the

capital expended, £10,441,699 ; the net profits £177,433, giving a

dividend of 17 per cent, on the capital expended. The South
Indian Eailway (narrow euage) runs north from Tuticorin to

Madras. In 1881 the total length was 65S miles ; the capital

expended, £4,291,311; acd the net profits yielded a dividend of

2 9 percent.
Commerce and Trade.—The continuous seaboard of the Madras

piesidency, without any uatural harbours of the first rank, has

tended to create a widely diffused trade. Madras city conducts
nearly one-half of the total sea-borne commerce ; next comes Malabar,

containing the western railway teimiuus near Calicut : then Goda-
vari,' with its cluster of ports along the fringe of the delta;

Tinnevelli, with the new harbour at Tuticorin, which has opened
large dealings with Ceylon ; Tanjore, South Kanara, Ganjam, and
Vizagapatam in theorder given. The total foreign trade in 1880-81
was as follows. The imports amounted to £6,518,783, of which
cotton piece goods and twist made up £2,908,379, grain £158,144,
and apparel £147,691. The exports amounted to £9,271,345, the

chief items being^coffae, £1,393,090 ; raw cotton, £939,127 ; hides

and skins, £1,261,182 ; rice, £996,314 ; seeds, £70§,890 ; indigo,

£693,103; spices, £379,282; oils, £372,119; sugar, £301,670.
The total number of vessels engaged in foreign traxle that cleared
and entered Madras ports in 1880-Sl was 6247, with a tonnage of

1,177,337 ; the coasting trade was conducted by 11,316 vessels,

with 3,748,474 tons, for ports outside Madras presidency, and
24,057 vessels, -witli 3,092,286 tons, for ports within the pre-

sidency. The importance of this active coasting trade may be
Atbered from the fact that in l*7ft 77 (the first year of the late

Bamine) the imports of grain suddenly rose to 652,850 tons, by far

the greater part consisting of rice from Bengal.
Administration.—The supreme executive authority is vested in

the governor, with a council of three members, of whom one w the
commander-in-chief; the others belong to the covenanted civil

•ervice. For legwlative purposes this council is increased by the

Eresence of the advocate-general and from four to eight other mem-
ers nominated by the governor, of whom not less than one-half

must be non-officials. The local administration is orgcnized with
the district or zi'd as its unit. Of these districts there are twenty-
oue in all, including the Nilgiiis and Madras city, both of which
occupy an exceptional position. Each of the remaining districts is

nndor the iurisdiction of a oollcctor-magistrate and a sessionsjudgix
Beneath the collector-magistrate come deputy collectors, sub-col-
lectors, and assistants. Each district is subilivided into tdluks,
numbering one hundred and fifty-six in all, under the charge of a
tahsUddr. Each tdhik comprises from fift)- to one huudred villages,

which constitute the ultimate units for fiscal and administrative
purposes. The hereditary village official, to be found in almost
every Hindu Tillage, are employed trf perform minor public offices,

revenue and judicial, and are inadequately remunerated either by
fees in grain and other cesses levied irom the villagers, or by a
reduction iu their land assessment Tlie heads of villages and
village accountants (karnam) collect and account for all revenue,
rates, and taxes within their respective villages or townships.

Local and municipal administration, including roads and com-
munications, schools and primary education, public health and
local endowments, together with special taxatisu levied for any of
these purposes, is provided for by special legislation passed in 1871.
Entire districts or, where these are of unmanageable size, parts ol

districts have been constituted local fund circles, each under the
management of a board of commissioners, of which the collector is

ex o/ftdo president, and the district engineer, medical officer, and one
or more civil officers are official members. 'With them are associ-

ated at least an equal number of native non-official gentlemen,
appointed by Government. To these boards is entrusted the entire
management of the local interests above named, subject to the sub-
mission of on annual bucket for the sanction of Government, and of
a report of the board's transactions at the close of each year. The
twenty-one districts of the presidency comprise thirty-five such
local fund circles. The sources of income at the disposal of these
boards are a grant from provincial funds, a special land rate not
exceeding one anna in the rupee of the Government assessment,
lolls, school fees, local endowments, and other minor special funda
Municipal administration of the larger towns is pro\ided for by
boards of town commissioners, constituted similarly to the local

boards as regards official and non-official members, except that, with
the consent of Goveniment, the latter may be elected by the rate-

payers. Besides the above-named local interests, the commissioners
manage the local sanitation and hospitals of the towns, registration

of births and deaths, lighting, and police. About fifty txiwns, in-

cluding Madras city, with an aggregate population of 1,500,000,
are provided with municipal administration, and the number is

steadily increasing. The funds at the disposal of the commissioners
consist of rates on houses and lands, a tax on professions and trades,

a wheel aud animal tax, tolls and ferries, school and market fees,

&c. Under the administration of these local and municipal boards
great impulse has been given to the development of roads, educa-
tion, and hospitals and dispensaries.

Revenue aiul Expenditure.—Down to 1871 every branch of

revenue and expenditure throughout India was managed in all

details by the Government of India. Under the decentralization

j
scheme of that year the financial administration of the jail, police,

and educational services, together with certain branches of the
medical, sanitary, and other minor sei-vices, were transferred to the
Government of iladras, ana a grant of a single fixed sum from the
imperial funds was assigned for their maintenance. The local fund
boards, described above, were constituted in the same year, and the
municipal administration improved. The provincial expenditure
lo almost entirely met by a grant from imperial funds ; and tho

local receipts benefit in a similar way by a subsidy from the imperial

budget. The following figures show the revenue and expenditure
under each head of finance for the year 1880-81, exclusive of the

charges under the heads of army, interest, and imperial public

works. (1) Imperial : total revenue, £8,526,451, of which about one-

half, £4,284,335, is derived from the land revenue, and £1,433,974
from salt; expenditure, £3,478,655. (2) Provincial : total revenue,

£955,162, of which £781,990 forms the allotment from the im-

perial funds; expenditure, £971,011,—the main items being police,

£376,356; law and justice, £105,962; public works, £142,187;
education, £90,875. (3) Unfettered local funds : receipts, £24,768

;

charges, £19,628. (4) Fettered local funds: income. £748,315;
expenditure, £729,746. (5) Municipal : total revenue, £137,364

;

expenditure, £129,525. The gross revenue of the presidency was
£9,030,152, and the expenditure £6,893,960.

Army.—The Madras army garrisons, besides the whole of Madras
proper, the adjoining state of Mysore, the Nizam's Dominions, the

Central Provinces, and British Burmah; a regiment is also usually

stationed at Dorunda in the Churia N.-igpur division of Bengal,

and another at Cuttack in Orissa. The entire force consists of 1

regiment of European cavalry, 19 batteries of European artillery,

and 8 regiments of European infantry, with 1 company of native

sappers and miners, 4 regiments of native cavalry, and 40 regiments

of native infantry. In 1880-81 the European force numbered
10,229, and the native army 30,958 of aU ranks. The military

expenditure charged against Madras in 1880-81 was £2,722,105.
The principal caDtonments are Kampti, Secundcrdbad, Bangalore,

Bellary, and Eangoon. St Thomas's Mount near Madras city is

an injpoi-tant station for artillery. The two military sanatariums
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are Ramandnig near Bellary, and Jakatala or Wellington in the
Nilgiri hills.

Administrative Slatislics.—An early task of the English ad-

ministration was tlie repression of the system of hlack mail levied

by bands of Kavilgdrs, which was not fully extinguished for many
yeai's. By a GoTernment regulation in 1866 tlio village police was
placed under the head of the village, and became practically the
most useful (although a somewhat dishonest) agency of the magis-
trate in the police administration. The Madras police force was
orgauizfd in its prescntform in 1860. In March 18S1 it consi&ted of

a total strength of 26,415 ofhcers and men, maintained at a cost of

£364,233. In 1880 the total number of prisoners passing through
the jails in the presidency was 27,708,—considerably less than
during and after the famine ; the daily average number of prisoners

was 12,202. Education was afforded in 1880-81 by 12,878 schools,

ntteuded by 327,808 pupils; the expenditure was £284,873, of

which £86,641 was contributed by the state. The chief educa-

tional institutions are the Madras university, the provincial college

of Combaconum, the Madras Christian college, the Doveton Pro-

testant college, S. P. G. high school at Tanjore, medical college,

civil engineering college, Lawrence asylum, school of agriculture,

school of ordnauce artificers and school of arts, and tbo military

orphanage at Utakamand in memory of the late Sir Henry
Lawrence.

Climate and Health.—The climate varies in different parts of
the presidency, being determined by tho very diverse geographical

conditions. The Nngiri hills enjoy the climate of the temperate
zone, with a moderate rainfall, and a thermometer rarely exceed-

ing 80° F., and sometimes falling to the freezing-point. On the
Ualabar coast the south-west monsoon brings an excessive rainfall,

reaching 150 inches in the year at certain spots. The rain clouds

hanging on the slope of the Western Ghdts sometimes obscure the

sun for month after month. Along tho eastern coast and on the
central table-lands the rainfall is comparatively low, but the heat of

the summer months is excessive. At Masulipatara the thermo-
meter frenuently rises to above 110° F. in the shade. The whole
coast of tue Bay of Bengal is liable to disastrous cyclones, which
not only wreck the shipping in the roads, but have repeatedly over-

Vvhelmed the low-lying ports. The most prevalent diseases are

fevers, diarrhcea, dysentery, and other bowel complaints, cholera,

und small-po."c.

History.—Until tlio English conquest the whole of southern India

had never acknowledged a single ruler. The difficult aature of the

hill passes and the warlike character of the highland tribes forbade

the growth of great empires, such as succeeded one another on the
pkius of HindusUn. The Tamil country in the extreme south is

tsuditionally divided between the three kingdoms of Pandya,
Chola, and Chera. Tho west coast supplied the nucleus of a
monarchy which afterwards extended over the highlands of

Mysore, and took its name from the Camatic. On the north-east

tie kings of Kalinga at one time ruled over the entire line of sea-

board from the Krishna to tho Ganges. Hindu legend has preserved

marvellous stories of these early dynasties, but our only authentic

evidence consists in their inscriptions on stone and brass, and their

noble architecture. Tho Mohammedan invader first established

himself in the south in the beginning of the 14th century. AJa-ud-

din, tho second monarch of the Khilji dynasty at Delhi, and his

general Malik Kafur conquered the Deccan, and overthrew the

kingdoms of Kamataka and Telingana, which were then the most
powerful in southern India. Butaiter the withdrawal of the Musal-

man armies the native monarchy of Vijayanagar arose out of tho

ruins. This dynasty gradually extended its dominions from sea to

sea, and reached a pitch of prosperity before unknown. At last,

in 1565, it was overwhelmed by a combination of the four Moham-
medan principalities of the Deccan. At the close of the reign of

Aurangzcb, althougli that' emperor nominally extended bis sove-

reignty as far as Cape Comorin, in reality Sputh India had again

fallen under a number of rulers who owned no regular allegiance.

The nixam of the Deccan, himself au independent sovereign, repre-

sented . tho distant court of Delhi. The most powerful of his

feudatories was tho nawdb of tho Carnatic, with his capital at

Arcot. In Tanjore, a descendant of Sivaji ruled ; and on the cen-

tral table-land a Hindu chieftain was gradually establishing bis

authority ami founding tho atato of Mysore, destined soou to pass

to a Mohammedan usurper.

Vrsco da Gama cast anchor off Calicut on tte 20tli May 1498,

and for a centurjr tho Portuguese retained in their control the

commerce of India. The Dutch began to establish themselves on

tho ruin of tho Portuguese at the beginning of tho 17th century,

and were quickly followed by tho English, who established them-

solves at Calicut and Cranganoro in 1616. Tellicherri became the

principal British emporium on the west coast of Madras. Tho
Portuguese eventually retired to Goa, and tho Dutch to tho Spico

Islands. Tho first English settlement on the east coast was in

1620, at Masnlipatam, even then celebrated for its fabrics. Farther

south a factory, dhe nnclous of Madras city, wns erccUd in 1C39.

Pondichoni was purchased by the French in 1762. For many

years the English and French traders lived peacefully side by side,

and mth no ambition for tCiTitorial aggrandisement. The war of
the Austrian succession iri Europe lit the first flame of hostility

on the Coromandel coast. In 1746 Madras was forced to surrender
to Labourdonnais, and Fort St David remained the ordy British
possession in southern India. By the peace of Aix-la-Chapella
Madras was restored to the English ; but from this time the
rivalry of the two nations was keen, and found its oppottunities in

the disputed successions which always fill a large place in Oriental
politics. English influence was generally able to secure the favour
of the rulers of the Carnatic and Tanjore, While the French suc-

ceeded in placing their own nominee on the throne at Hyderabad.
At last Dupleix rose to be the temporary arbiter of the fate of

southern India, but he was overthrown by Clive, whose defence of

Arcot in 1751 forms the turning point in Indian history. In 1760
the crowning victory of Wandewash was won by Colonel (afterwards

Sir Eyre) Coote, over Lally, and in the following year, despite help
from Mysore, Pondicherri was captured.

Though tho English had no longer any European rival, they had
yet to deal with Mohammedan fanaticism and the warlike popula-

tion of the highlands of Mysore. The dynasty founded by Hyder
AU, and terminating in his son Tipu Sultan, proved itself in four

several wars, which terminated only in 1799, the most formidable

antagonist which the English had ever encountered (see Htdeb
Ali and India). Since the beginning of the present century

Madras has known no regular war, but occasional disturbances have
called for measures of repression. The pdUgdrs or local chieftains

long clung to their independence after their country was ceded ta

the British. On the west coast, the feudal aristocracy of the Nairs,

and the religious fanaticism of the Moplas, have more than once led

to rebellion and bloodshed. In the extreme north, the wild tribes

occupying the hills of Ganjam and Vizagapatam have only lately

learned the habit of subordination. In 'l836 tho zaminddri of

Giimsur in this remote tract wsis attached by Government for tho

rebellious conduct of its chief. An inquiry then instituted revealed

the wide prevalence among the tribe of Kandhs of human sacrifice,

under the name of mcriaK The practice has since been suppressed

by a special agency.

The different territories comprising the Madras presidency have

been acquired by the British at various dates. In 1763 the tract

€nci'.'cling Madras city, now Chengalpat district, was ceded by the

nawdb of Arcot. In 1765 the Northern Cirears, ont of which the

French had recently been driven, were granted to the Company by
the Mughal emperor, but at the price of an annual tribute of

£90,000. Full rights of dominion were not acquired till 1823, when
the tribute was commuted for a lump payment. In 1792 Tipii

was compelled to cede the Baramahal (now part of Salem district),

Malabar, and Dindigal subdivision of Madura, In 1799, on tlia

reconstruction of Mysore state after Tipii's death, Coimbatore and

Kdnara were appropriated as the British share ; and in the same

year the Mahratta rajd of Tanjore resigned the administration of

his territory, though his descendant retained titular rank till 1855.

In 1800 Bellary and Cuddapah were made over by tie nizam of

Hyderabad to defray tho expense of an increased subsidiary force.

In the following year the dominions of the nawdb of the Carnatic,

extending along tho east coast almost continuously from Nelloro

to Tinnevelli, -were resigned into the hands of the British by n

puppet who had been put upon the throne for the purpose. The last

titular nawdb of the Carnatic died in 1855 ; but nis representative

still bears the title of prince of Arcot, and is recognized as the first

native nobleman in Madras. In 1838 the nawdb of Karniil was

deposed for misgovernmcut and suspicion of treason, and his terrij

tories annexed.

Madras, capital of JIadras presidency, is sitnated oq

the sea-coast iu 13° 4' 8" N. lat., 80° 14' 51" E. long.

Altliougli at first sight th& city presents a disappointing

appearance, and possesses not a single handsome street, it

has several edifices of high architectural pretensions, and

many spots of historical interest. Seen from the roadstead,

the fort, a row of merchants' ofScos, a few spires and public

buildings, are all that strike tho eye. Roughly speaking,

it consists of the following divisions. (1) Black Town, aa

ill-built, densely populated block, about a mile square, is the

business part of tho town, and contains the banks, custom

house, high court, and all the mercantile offices. 'The last,

for tho most part handsome structures, lie along the beach.

On the sea-face of Black Town are tho pier and tho new

harbour. Immediately south of Black Town there is (2) an

open space which contains tho fort, esplanade, brigade parade

ground. Government house, and several handsome public

buildings on the sea-face. (3) West and south of this lung

of the city como a series of crowded quarters known by
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various native names—Chintadrapet, Tiruvaleswarampet,

Phdupik, Royapet Kistnampet, and Mylapur, which bend
A) the sea agaia at tho old towa of Saint Thomd. {i) To

Plan of Madras.

tho west of Black Town are the quarters of Veperi and
Pudupet, chiefly inhabited by Eurasians, and the suburbs

of Egmore, Nangamb^kam, and Perambiir, adorned with
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r)!iiii()3omo European mansions and Uieir spacious " com-

ITOunds" or parks. (5) South-west and south lie the

European quarters of Tanarapet and aristocratic Adyar.

Amongst the buildings most deserving of notice for their

architectural features are the cathedral, Scotch church,

Government house, Patcheappah's hall, senate house,

Chepauk palace (now the Revenue Board), and the Central

Railway station.

Nearly all the most important offices of the presidency,

and the headquarters of every department, are located in

lladras. Apart from the headquarters staff of the Madras

army, that of the central division is also stationed here,-

witli a garrison of 1 European and 3 native infantry regi-

ments, 1 battery of artillery, -and the bodyguard of the

governor (100 sabres). At St Thomas's Mount arc 3 bat-

teries of artillery and a detachment of native infantry.

Including these, the garrison of Madras is about 3500

strong, of whom 1 200 are Europeaus.

The population of JIadras city, as ascertained by the

census of 1871, was 397,552, including 330,0G2 Hindus,

60,961 Mohammedans, 12,013 Eurasians, and 3613

Europeans. The annual municipal income is about

£53,000. Madras, notwithstanding its exposed situation,

nnks third among the ports of India in respect of the

number and tonnage of vessels calling and the value of its

i nports and exports. The port trades with every part of

(he world, exporting coffee, cotton, grain, hides, indigo,

iiilseeds, dyes, sugar, and horns, and importing piece

loods, iron and other metals, and all kinds of European

manufactures. The lighthouse, 125 feet high, is visible

from a ship's deck 1 5 miles at sea. The Madras roadstead,

like the whole line of the western coast of India, is liable

to be swept by hurricanes of irresistible fury, which occur

at irregular intervals of years, generally at the beginning

of the monsoons in May and October. The first recorded

cyclone was in October 1746, a feiv weeks after the fort

had surrendered to Labourdonnais. A French fleet then

lay at anchor in the roads. Five large ships foundered,

with 1200 men on board; and scarcely a single vessel

escaped with its masts standing. Perhaps the most

destructive of these storms occurred in May 1872. On
this occasion the registered wind pressure reached a

maximum of 53 & to the square foot. In the space of a

few hours nine English vessels and twenty native craft

were driven ashore. In May 1874 another cyclone broke

on the Madras coast; but the ships were warned in time to

put to sea and gain an offing. The most recent of these

periodical hurricanes occurred in November 1881, when
the new harbour works sustained serious damage.

The trade of the town does not depend on any special

local manufactures or produce. Such industries as once

flourished—weaving, for instance—have decayed, and. no

others have grown up to replace them. As elsewhere in

India, spinning companies have recently been formed, but

what effect they are likely to exercise on local trade

remains to bo seen. With the exception of banks, and
enterprises connected with the preparation of produce for

export, e.iy., cotton-pressing and coffee-cleaning, joint-stock

undertakings have not prospered. As the capital of

southern India, Madras is the centre on which all the great

military roads converge. It is also the terminal station of

two lines of railway, the Madras line and the Madras and
Tanjore section of the South Indian Railway.

The Buckingham Canal, which passes through an outlying

part of the city, conriects South Arcot district with Nelloro

and the Krishna and God.ivari system of canal navigation.

This long delayed project was undertaken as a famine work.

The town of Jlndras dates from 1639, when Francis Day, chief

of the East India Company's eettlemeut at Armagon, obtained a

RTiut tf tie presfiat site of the city from tho liijd of ChandragirL

A factory, with some slight fortifications, was at once constmcted,'
and a gradually increasing population settled around its walls, la
1653 lladras, which had previously been subordinate to the settle-

ment of Bantam in Java, was raised to the rank of an independent
presidency. In 1702 Daiid Khan, Aurangzeb's general, blockaded
the town for a few weeks, and in 1741 the Mahrattas onsQccess;
fully attacked the place. In 1746 Labourdonnais bombarded and
captured tho fort. The settlement was restored to the English
two years later by the treaty of Aix-Ia-Chapelle, but thegoTemmeut
of the presidency did not return to Madras till 1762. In 1768 the
French under Lally occupied the Black Town, and invested the

fort. The siege was conducted on both sides with great skill and
vigour. After two months, the arrival of a British fleet relieved

the garrison, and tho besiegers retired with some precipitajicy.

With the exception of the threatening approach of Hyder All's

horsemen in 1769, and again in 1780, Madras has since the French
siege been free from external attack. The town of Saint Thome,
now part of Madras city, was founded and fortified by the Portu-

guese in 1504, and was held by the French from 1672 to 1674.

MADRID, a province of Spain, one of the five into

which New Castile is divided, is bounded on the W., N.W.,
and N. by Avila and Segovia, on the E. by Guadalajara,

on tho S.E. by Cuenca, and on the S. by Toledo. The
area is 2997 square miles, with a population in 1877 of

593,775, an increase of 104,443 since 1860. Madrid
belongs to the iasin of the Tagus, being separated from
that of the Douro by the Sierra Guadarrama, which skirts

the province on the north-west and north. The Tagus
itself is the southern boundary for some distance, its chief

tributary being the Jarama, which rises in the Somosierra

in the north, and terminates at Aranjuez. The Jarama,

in turn, is joined by the Henares and Tajuna on the left,

and by the Lozoya and Manzanares on the right. Tho
Guadarrama, another tributary of the Tagus, has its upper

course within the province. Like the rest of Castile,

Madrid is chiefly of 'Tertiary formation ; the soil is mostly

clayey, and there are sandy ' tracts. Agriculture is in a
somewhat backward condition ; the rainfall is deficient,

and the rivers, poor though they are, are not utilized as

they might be for irrigation. The chief products are

wheat, barley, rye, oats, algarrobas {Ervum teiraspermum),

pease, chick pease, and various other legumes, wine, oil, flax,

hemp, wax, honey, and various fruits. Gardening is carried

on to some extent near the capital, though the markets of

Madrid receive their most liberal supply of fruits and
vegetables from Valencia. Sheep, goats, and horned cattle

ere reared, and fish ara foand in the Jarama and other

rivers. The province is on the whole treeless ; but some
wood is grown on the mountain slopes in the north. The
Sierra Guadarrama has quarries of granite, lime, and
gypsum, and is known to contain iron, copper, and
argentiferous lead, but these resources are as yet unde-

veloped. The manufactures are trifling (coarse cloth,

leather, paper, earthenware, porcelain, bricks and tiles,

saltpetre, glass and crystal, chocolate, lace); and there is

very little commerce beyond that for the supply of the

capital with necessaries. The only towns with a population

above 10,000 are AlcaU (Complutum) on the Henares, and
Madrid ; the famous university of the former was trans-

ferred to the latter in 1836. Aranjuez (8154), on the

Tagus, is also of historical importance.

MADRID, capital of the above province and of Spain,

is situated in 40" 24' 35" N. lat. and 3" 41' 61" W. long.,

on the left bank of the Manzanares, a subtributary of the

Tagus, at a maximum elevation of 2372 feet above the

sea-level. The population (397,816 in 1877) was over

400,000 in 1881. The town is nearly in the centre of the

kingdom, almost equidistant from the Mediterranean, the

Atlantic, and the Bay of Biscay. The site consists of some
sandy hills of little elevation, in the midst of an extensive

plain, bounded to the view on the north only by the Sierra

Guadarrama. The basin in which it stands is of Tertiary

formation, consisting of gypsum, marl, and limestone.
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Owing to its elevated and exposed situation, the climate

of Madrid has some marked peculiarities. Tn winter the

mean temperature is 43" Fahr., and as many as sixteen

degrees of frost have been observed ; the mean in summer
is 70° Fahr., but a temperature of 107° has been registered

;

and the daily oscillation sometimes amounts to as much
as 57°. The readings in sun and shade at the same

moment ar» also widely different. The tendency to

inflammatory disorders in the population is, as might be

expected from these circumstances, very pronounced ; but

against it most be set the advantages of a dry atmosphere

and a cloudless sky, and in point of fact the city is not

exceptionally unhealthy ; its salubrity has been much
enhanced by the recent introduction of a plentiful supply

of pure water from the Lozoya (32 miles distant).

The form of Madrid proper is almost that of a square

with the corners rounded off; from east to west it

measures rather less than from north to south. It was
formerly surrounded by a poor wall, partly of brick, partly

of earth, some 20 feet in height, and pierced by five

principal gates (puertas) and eleven "portillos." Of these

gateways only three, the Pnerta de AlcalA on the east,

the Puerta de Toledo on the south, and the Portillo de San
Vicente on the west, now actually exist ; the first and the

third were erected in the time of Charles III., and the
second in honour of the restoration of Ferdinand VII.; all

have some architectural pretensions. The Manzanares (ot

rather its bed, for the stream is at most seasons of the

year quite insignificant) is spanned by six bridges, tha
Puente de Toledo and that of Segovia being the chief.

The Puerta del Sol (formerly the east gate and tower of

the city, having on its front a representation of the sun

—

Plan of Madrid.

whence the name) is now the central plaza, and the

favourite lounge and place of most traffic in the city ; the

animated scene it presents has been described with more
or less fulness in almost every book of Spanish travel

On its south side stands the Palacio de la Gobernacion, or

Home Office, a heavy square building, by a French architect,

J. Marquet, and dating from 1768. From the Puerta del

Sol diverge, immediately or mediately, almost all the

principal streets of Madrid—eastward by north, the Calle

de AJcald, terminating in the Prado ; eastward, the

Oarrera de San Geronimo, terminating by the Plaza de las

Cortes also in the Prado ; southward, the Calle de Carretas ;

westward, the Calle Mayor, which leads to the council

chamber and to the palace, and the Calle del Arenal, ter-

minating in the Plaza de Isabel IL and the opera-house
;

north-westward, the Calles de Preciados and Del Carmen;

and northward, the Calle de la Montera, which afterwards

divides into the Calle de Fuencarral to the left and the

Calle de Ilortaleza to the right Of these the Calle de

AlcalA is the finest ; it is bordered on both sides with

acacias, and contains some elegant buildings, including the

museum of natural history, formerly the general custom-

house, dating from 1769, and the offices of the Board of

Trade (Ministerio de Hacienda) on the north side, and on

the south the palace of the duke of Sesto (the site of

which is about to be occupied by the new buildings of the

Banco de Espana or Bank of Spain) ; its irregularity

in point of width and level, however, detracts much
from its appearance. The Plaza de las Cortes is so

called from the Congreso de los Diputados, or House of

Commons, on its north side, a building in the Corinthian

style, but of little merit; the square contains a bronze
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sUlue of Cervantes, ty Sola, erected in 1835. Tbo Calls

(Ic Carretas ranks with the Carrera de Sau Geronimo and

Calle de la Montora for the excellence of its shops. From
the Callo Mayor is entered the Plaza Mayor, a rectangle of

about 430 feet by 330, formerly the scene of tournaments,

bull fights, autos-de-fe, and similar exhibition.-;, which used

to oe viewed by the royal family from the balcony of one

of the houses called the Panaderia (belonging to the guild

of bakers). The. square, which was built under Philip

IIL in 1GI9, is surrounded by an arcade; the houses are

uniform in height and decoration. In the centre stands

a bronze equestrian statue of Philip IIL, designed by
Puntoja, cast by Juan de Bologna, and finished by Pedro

Tacca. From the south-east angle of the Plaza Mayor the

Calle de Atocha, one of the principal thoroughfares of

Madrid, leads to the outskirts of the city ; at the south-

west angle of the same square the Calle de Toledo begins,

the chief mart for the various woollen and silken fabrics

from which the picturesque costumes peculiar to the

peninsula are made. In the Plaza de Isabel II., at the

ivestem extremity„of the Calle del Arenal, stands the royal

opera-house, the principal front of which faces the Plaza

del Or.iente and the royal palace. In the centre of the

plaza is a fine bronze equestrian statue of Philip IV. ; it

was designed by Velazquez and cast by Tacca, while Galileo

is said to have suggested the means by which the balance

is preserved. The gift of the grand-duke of Tuscany in

1640, it stood in the Buen Retire gardens until 1844.

As compared with other capitals, Madrid has very few

buildings of much interest architecturally or otherwise.

There is no cathedral. The Basilica de Kuestra Seuora da

Atocha, on the Paseo do Atocha, a continuation of the

Calle de Atocha, originally founded in 1523, after being

destroyed by the French was rebuilt by Ferdinand Vtl ;

it contains one of those miraculous images attributed to St

Luke with which Spain abounds, and is specially associated

in history with the name of Queen Isabella IT. Tha
collegiate church of San Isidro el Real, in the Calle de
Toledo, dates from 1651 ; it lias no architectural merit,

but contains one or two valuable pictures and other works
of art. The modern Gothic church of San Geronimo el

Real occupies a conspicuous site eastward of the town ; it

is not at present used as a place of worship. Of secular

buildings unquestionably the most important is the royal

palace (Palacio Real) on the west side of the town, on a
rising ground overhan^'ing the JIanzanares. It occupies

tlie site of the ancient Moorish alcazar, where a bunting

seat was built by Henry IV.; this was enlarged and
improved by Charles V. when ho first made Jliidrid his

reaidence in 1.532, was further developed by Philip IL, but
ultimately was destroyed by fire in 1734. The present

edifice was begun under Philip V. in 1737 by Sacchctti of

Turin, and was finished in 17G4. It is in the Tuacan
style, and is 470 feet siiuaro and 100 feet in height, the

material being white Colmenar granite, resembling marble.

To the north of the palace are tho royal stables and coach-

houses, remarkable for their extent ; to tho south is the

armoury (Musco de la Real Armeria), containing what-is

probably the best collection of the kind anywhere to be
met with. After the Palacio Real may bo mentioned the

royal picture gallery (Real Jfuseo do I'mturas), adiiiining

the Salon del Prado ; it was built about 1785 for Charles

III. by Juan do Vilianueva, as a museum of natural history

ind academy of sciences. It contains the collections of

Chailes v.," Philip, IL, snu Philip IV., and the pictures

number upwards of two thousand. The .specimeus of Titiau,

Raphael, Veronese, Tintoretto, Velazquez, Viindy ck, Rubeos,
and Teniers are numerous and renmrka^ile, giving it a
cl lim to bo regarded as tho finest picture gallery in the

world. The palaces of the grandees are generally noteworthy

only for their size. There are some seventeen theatres o(

all classes. The bull-ring (Plaza de Toros), to the east of
the town, accommodates 12,000 spectators; the present
building dates from 1874. Of the promenades and open
places of public resort the most fashionable and most fre-

quented is the Prado (Paseo del Prado, Salon del Prado) oq
the east side of the town, with its northward continuation
the Paseo de Recoletos. To the south of the town is tha
Paseo de las Delicias, and on the west, below the royal
palace, and skirting tho Manzanares, is the Paseo de la

Virgen del Puerto, used chiefly by the poorer classes. East,

ward from the Prado are the Buen Retire gardens, with tha

usual ponds and pavilions, and a poor menagerie. The gar«

dens were formerly the grounds surrounding a royal hunting
seat, on the site of which a palace was built for Philip IVj
in 1633 ; it was destroyed during the French occupation.!

Modern educational movements have not left Madrid
unaffected, and considerable improvements in this respect

have taken place within recent years. There are upwards
of 100 official primary schools (attended by 4810 boys and
3958 girls), and a large number of private ones; among
the other educational instrumentalities tho numerous
schools connected with various Protestant missions claim
special mention. Thero are two normal schools. Tlie

university of Alcald, founded by Cardinal Ximenes in 1508,
was transferred iu 1836 to Madrid, and has since that time
undergone much reform and extension. In 1882 the teach-

ing staff numbered 88, and the students 7000. Of these

2400 belonged to the faculty of law, 2500 to that of

medicine, 400 to that of science, 1400 to that of pharmacy,
and 250 to that of philosophy and literature. The
faculty of theology was suppressed in 1868, and has not

been re-established. Madrid also has schools of agriculture,

architecture, civil and mining engineering, the fine arts,

veterinary science, and music. The school of military en-

gineering is at Guadalajara. Among the educational insti--

tutions may be reckoned the botanical garden, originated

in 1781, the national library, with those of the palace, tho

University, and Sau Isidro, and the museum of natural

science, exceedingly rich in the mineralogical department.

The principal learned society is the Royal Spanish Academy,
founded in 1713 for the cultivation and improvement of

the Spanish tongue. The Academy of History possesses a

good library, rich in MSS. and incunabula, as well as a,

fine collection of coins and medals. There are likewise

academies of the fine arts, the exact sciences, moral and
political science, medicine and surgery, and jurisprudence

and legislation, all possessing libraries. There are also

anthropological, economical, and geographical societies,

and a seieotific and literary athenreum. Tho charitable

iustitutious include upwards of eighteen hospitals, tho

largest of Wwicn contains 1200 beds; there are three

foundling hospitals and six for orphans. The military

hospital is iarge and, well conducted. There are very good

schools for the blind and for deaf mutes, aud a number ol

asylums of various kinds.

The manufactures of JIadrid are inconsiderable ; every

article of food and clothing, almost without exception, is

imported. Tho most important industries are the manu;

factures of tobacco aod cigars, gold and silver wares,

tapestry and carpets, porcelain, hats, mirrors, and beer,

Little wine is grown near the capital, and not much fruit
j

but the markets are well supplied, aod regularly, from al)

quarters of the kingdom. Madrid is still tho principal,

one might almost say the only, focus of tho now largely

developed railway system of the peninsula. The suburbs

of tho town are rapidly extending, especially towards th§

north and south. The immediate environs are uninterest-

ing. About G miles to the north-west lies tho Cue hunting

scat El Pardo, restored by Charles III.
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Spanish archsologists have frequently claimed for Madrid a very

high antiquity, but the earliest authentic historical mention of the

toH-n (Majrit, Majorituni) occurs iu an Arab chronicle, and does

not take «s fiirthcr back than to the first half of the 10th century.

The place was finally taken from the Moors by Alphonso VI. (1083),

and was made a h'uutinK-seat by Henry IV., but first rose into

importance when Charles V., beneiiting by its keen air, made it his

occasional residence. Philip II. created it his capital and " only

court" {^nka cortc) in 1560. To this day it only ranks, however,

ss "villa," not as "ciudad." Fruitless attempts were made by

Philip III. and Charles III. respectively to transfer the seat of

government to Valladolid and to Seville.

MADRIGAL. The notice of this branch of musical art

which will be included in the general article Music may
here be anticipated by an approximately chronological list,

according to nationalities, of the masters who have been

chiefly distinguished for their compositions of the class :

—

Flanders : Egide Binchois, Brusnois, Jean Okeghem or

Ockenheim, Jean Tinctor, Adrian Willaert, Cyprian di

Eore, Jacques Hobrecht, Firmin Caron, Josquin des Pr&s,

Alexander Agricola, Antoine Brumel, Pierre de Ic Eue,

Jacques Arcadelt, Claude Goudimel, Philippe Verdelot,

Jacques de Wtvt, Hubert \A'aelrent, and Orlando di Lasso
;

Borne : Costanzo Festa, Giovanni Pierluigi da Palestrina,

Felice and Iranoesco Anerio, Giovanni Maria, Beruardmo

Naniui, and LucaMarenzio (styled in his own time " II piii

dolce Cigno d'ltalia"), Venice: Giovanni Croce, Andrea

and Giovanni Gabrielli, Costanzo Porta, Orazio Vecclii, and

Giovanni Giacomo Gastoldi; England: William Cornyshe

(father and son), Richard Taverner, Robert Fayrefas,

Thomas Phelyppes, Richard Edwards, William Byrd,

Tliomas Morley, Giles Farnaby, Edward Johnson, Thomas
Weelkes, George Kirbye, John Dowland, Michael Este,

Thomas Tomkins, John Benet, John Hilton, John Wilbye,

Thomas Ford, Thomas Bateson, Richard Allison, John

Ward, and Orlando Gibbons, also John Cooper and Peter

Philips, who dwelt long in Rome, and published their

works under the names respectively of Giovanni Coperario

and Pietro Filippi. Many of all these wrote strictly

madrigals, that is, continuous compositions abounding in

ingenious artifices of imitation of one part by another;

others wrote rhythmical songs of four or more parts, or

ballets, or fal-las, all of which, being for unaccompanied

voices, or for viols instead of voices, are often erroneously

ranked as madrigals, though differing entirely in structure

from them. The English composers, to Byrd inclusive,

produced pieces distinctly of the madrigal class, but

described them by other definitions; it was in the year

1588, when Byrd published Psalms, Sonets, and Songs of

Sadness and .Pietie, that the word madrigal was first

introduced into England by Nicholas Yonge, a merchant,

a lover of music who, having received copies of some

foreign compositions in his chests of merchandise, adapted

English words to these, and printed a collection under the

title Musica Transalpina, the success of which stimulated

the powers of English writers that had already been

jiroved, and excited others to emulate their example.

The art of madrigal composition was never practised in

Germany, and it died out in other countries early in the

17th century. The knowledge of the works that endear

the madrigal writers to lovers of a high and most pure

form of music was revived, and has since been kept alive,

by the Madrigal Society. This wa.s founded in 1741 by

John Immyns, an attorney, and its original members were

iBochanics or small tradesmen ; it held its first meeting at

tko Twelve Bells Tavern in Bride Lane, made many
migrations to other houses of entertainment, and has it.s

present home at the Freemasons' Tavern, where its members

are of a far higher social caste than the men who associated

themselves for the practice of contrapuntal vocal music

when the rank and fashion of the land went to worship

I'wiuellt at the Italian opera, and to take part with the
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followers of the king or the prince of Wales in supporting

one or other of the opposition establishments for its perform-

ance. In 1811 the society offered a prize for the coniiiosi-

tion of a madrigal, which was won by William Bcale. The-

same incentive has occasionally been repeated. This

encouragement, and still more the love for the class of

music engendered by the public performance of madrigaK
by large choral societies during the last fifty years, havi
incited later composers to more or less successful imitations

of the style, especially distinguished among whom wa«
Robert Lucas Pcar.sall (1795-165G).

MADURA, a district in the south of the Madncs
presidency, India, lying between 9° 4' and 10° 44' N. lav.,

and 77° 14' and 79° 20' E. long., is bounded on the N.
by Coimbatore, Trichinopoli, and Tanjore districts, E. abd!

S.E. by the sea, S.W. by Tinnevelli district, and W. ly
Travancore state. Broadly speaking, it consists of a sec-

tion of the plain stretching from the mountains east to the:

sea, coinciding with the basin of the VaigAi river, anil

gradually sloping to the south-east. The plain is broken

iu the west by the outlying spurs of the GbAts, and by a^

few isolated hills and masses of rock scattered over the

country. The most important spur of the GhAts is that

known as the Palni hills, which project east-north-east

across the district for a distance of about 54 miles. Their

highest peaks are more than 8000 feet above sea-level, and
they enclose a plateau of about 100 square miles in area,

with an average height of 7000 feet. A sanatarium has

been recently established on this plateau, at Koddikanal,

and coffee planting is here BuccessfuUy carried on.

Farther east a confused group of hiUs, known as tha

Sirumalais," the highest of which has an elevation of

nearly 4000 feet, clusters round the village of Nattam.

Among isolated rocks may be mentioned the precipitous,

fortress of Dindigal, and the "Elephant Rock," the "Cow
Hill," and the sacred Skandamalia—all in the immediate

vicinity of Madura town. The chief river is the VaigAi»

which divides the district into two almost equal portions.

Very little forest is found in any part of the district.

The cultivated plain is absolutely barren of trees, except

whore a newly-planted avenue marks a line of road.

Groves of palmyra and cocoa-nut palms fiourisb along the

sea-coast and river banks. Among the wild products of

the Palni hills are nutmeg, cinnamon, and pepper. Tha
i predominant geological formation is granite. Syenite oc-

curs in large boulders. A gravelly bed of laterite, whicU

runs across the district, is quarried for building purposes j

and sandstone is said to extend along the whole length of

the sea-coast. Mineral products include saltpetre, salt,

lime, chalk, and graphite. Iron in various forms is found,

but it is nowhere worked profitably, even by the ruda

native processes. Gold is washed in some of the streams

Several kinds of opal, chalcedony, jasper, garnet, and rock-

crystal are found.

The census of 1871 showed a total population of 2,266,6]5-

persona (1,112,066 mates and 1,154,549 females), spread over an
area of 9502 square miles, and inhabiting 5459 villages and 443,51$

houses. Hindus numbered 2,062,768, and Mohammedans 132,833;

and the Catholics at the present day number about 60,000, under

the charge of the missions of the Jesuits and of the Church of Goa.

The Protestant population are under the charge of an American

mission, first established in 1834. The principal towns are Madura

city (51,987), Dindigal (12,818), Palni (12,801), Eamnad (15,442).

Tirumangalam (5772), Pai-ambakudi (6284), Sivagangi (7392),

Killakarai, Aruppukotai, and Periyakulain. The only munici-

palities are Madura and Dindigal.

Of a total area of 9502 square miles, 6507 belong to zamlnddri or

permanently assessed estates. The total area of (government lands

in occupation in 1875-76 was 1,013,000 acres, of which 806,63*

were under cultivation. Ihe chief food crops are rice, cliolam

{Holms saccharalus), kamhu {Iloktis spicatus), ragi (Elcusine cwn^

cana), rara'ju (rospnhtm fntmcntaccuin), samai {Panicum mill'

aawMiJ, and several kinds of puiies. Other crons irdudfl oilrfeetL
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tobacco of excellent quality, aud a little indigo and cotton. The
rainfall is small and variable in its seasons. Every possible means
cJ storing up .surplus water has been resorted to Irom time imme-
morial. An important engineering project, known as the Periyar
sclicme, has long been nnder consideration, bv which the abundant
rainfall en the farther slope of the Travancore hills might bo
(^verted into the drainage basin of the Vaigai. Salt is manufactured
.-ft certain st.itions on the coast as a Government monojioly. Hand-
some turbans fringed with gold cloth, and a peculiar kind of red
(^otli, are sp.^' ialities of Jladnri town. Considerable sea-borne
p-.ide is c.inicd on by native craft, chiefly with Ceylon. Rice and
(Jlher food graiii,s, giiigclly oil, spices, cloth, salt fish, tobacco, red
wdirc, and eartlu-uware are the princi|ial e.\])orts. The district is

traversed by the South Indian railway from Tinnevelli to Trichino-
poll. The tot.ll imperial revenue in 1875-76 amounted to £-393,448,
of which .t2Sn,067 was dvrived from the land. Education in
1S76-77 was allorded by 424 schools, attended by 12,509 pupils.
Besides orvlinafy diseases, ^Madura possesses three .special scourges:

—

endemic fever, v.diich sometimes rages with exceptional severity ;

rholera, dis-icniinated by pilgrims to the sacred temple at Rames-
waram ; and tlie well-known " JIadnrafoot. " This last complaint,
known to science as iiiorbiis pedis oUofhytkus, is a species of
fungus which spreads over the whole loot in a mass of tubercles.

It-j jniinary cause seems to be unknown.
Itislonj.— JIadin'a was the seat of the Pandian monarchy, which

ruled over this part of India from the 5th century B.C. to the end
of the 11th century of our era. The last of the Pandid kings is

said to have exterminated the Jains, and connuered the neighbour-
ing kingdom of Chola ; but he was in his turn overthrown by an
invader from the north, conjectured to have been a Mohammedan.
In 13i4 a Moslem army nnder JIalik Kafur occupied Madura, and
the Hindus were held in subjection for a period of fifty years.

Subsefpiently Madura becanje a pros'ince of the Hindu emi'ue of
Vij.iyanagar. In the mi.ldle of the 16th century the governor
Viswan.ith established an hereditary rule which lasted for a century.
The greatest of the line was Tirnmala Kayak (1623-1659), whose
magnificence and military exploits are recorded in the contemporary
letters of the Jesuit missiouaiies. He adorned Jladura with many
public buildings, and extended his empire over the adjoining dis-

tricts of Tinnevelli, Trav.incore, Coimbatore, S.ilem, and Trichino-
poli. His repudiation of tlie nominal allegiance paid to the raja

of Vijayanagar brought him into collision with the sultan of
Bijapur, and jMoliammcdans, after the lapse of three centuries,

again invaded Madura, and compelled him to p.ay them tribute.

After the death of Tirumala the kingdom of JIadura gradually fell

to pieces. In 1740 the district fell into the hamls of the nawab of
the Carnatic, and the line of the Nayaks was extinguished. In
1762 British ollicers took charge of Madura, iu trust for Wallah
Jah, tlie last independent nawab of the Carnatic, who finally ceded
his rights of sovereignty to the East India Company in l&Pl.

Madura, tbe chief town and headquarters of Madura
4istrict, is situated on the south bank of the VaigAi

river in 9° 55' IG" N. lat., and 78° 9' 44" E. long., with

a. population (1871) of 51,987, being the fourth largest

town in the Madras presidency. Its principal architectural

feature is the great temple, forming a parallelogram 847
]

feet by 744 feet, surrounded by nine gopuras, one of which
is 152 feet high. 1'he principal structure is the "Hal! of

a Thousand Pillars " (the actual number being 997). The
other buildings comprise the celebrated palace of Tirumala
NAyak, the most perfect relic of secular architecture in

Madras. Its ruins cover a largo area of ground, and a

considerable sum of money has been recently assigned by
Government for the restoration of the building. Only
second in importance to the palace is the Vasauta or Puthu
imuitapam, which still exists in complete preservation, and
is said to have been built as a summer retreat for the god
Siindareshwara, a form of Siva. On the opposite bank of

the river is the Tamakam, a two-storied building of quaint

architecture, said to have been erected as a stand from
which to view sports and combats. Last is the Teppu-
kulam or great tank, situated li miles to the east of the

town, and measuring 1 200 yards each way. Once a year
its banks are illuminated by (it is said) 100,000 lamps,

while the idols from the pagoda are drawn round it on a
teppam or raft.

MADURA, in High Javanese Mctdaufeii, an island of

the East Indian Archipelago, separated by the shallow
Strait of Madura from the east end of Java. It extends i

I from about 112" 32' to 114° T E. long., and is divided
into two nearly equal portions by the parallel of 7° S. lat.

;

the area is estimated at 2100 square miles. As the few
travellers who have visited Madura have been for the

I most part content to follow the highways which, though
' running the whole length of the island, never strike very

far inland either from the north or the south coast, a con-

siderable part of the country is but vaguely known to

Europeans. It may be safely asserted, however, that the

general configuration is fairly simple,—the island being a
plateau-like prolongation of the limestone range of northern

Java, with frequent interchange of hill and dale, culminat-

ing towards the east in Gunong Pedjudan or Tambuko at

a height of 1542 feet. Hot springs are not uafrequent;

and in the valley between Gunong Geger and Bandjar lies

the mud volcano of Banju Ening. " Round the coast runs

a girdle of tropical vegetation, broken only here and there

by small white peaks with steep perpendicular clifis ;" but,

except in a few alluvial tracts in the lower courses of the

streams, the soil is thin and poor, and better fitted for

pastoral than agricultural purposes. Maize is by far the

most important of the crops ; it is planted after rice in the

non-irrigable sawahs, and often before it in the irrigable
;

in the tagal fields it is sometimes sown thrice in a single

year, frequently along with kaljang (various kinds of

native beans). European enterprise has not yet invaded
the island ; there is only one sugar plantation, Tedjeh, near
Pamakasan, established in 1835. JIuch attention is paid
to the rearing of cattle,—the small Madura oxen being
greatly prized in Java, and consequently forming a regular

article of export. Petroleum is found in small quantities

in all the departments, but the most valuable product of

the island is its salt (hence perhaps the name Madura

;

Sansk. JIandura, salt). The manufacture, a, Dutch Gov-
ernment monopoly, was formerly carried on in several

places, as at Brantah and Bunder (where the salt pans now
serve as fish ponds), but in 1870 Sumenep was made the

sole establishment for Java and Madura, and it still

remains by far the most important, though its annual
production of 875,000 cwts. has since 1875 to be supple-

mented by Ragung and Pangaringan, The population

of Madura was in 1879 returned as 768,992,—472
Europeans (mostly at Maringan near Sumenep), 3702
Chinese, 1445 Arabs and other Orientals, and 763,373
natives. These last constitute one of the three great races

of Java aud Madura, and speak a distinct language, for

which compare Java, vol. xiii.

The following are the places of cliief note in the island. Kamal
at the south-west corner is the point where people usually cross from
Java. Baugk.alangis the large and flourishing chief town of Madura
proper, with the old palace of the sultan and the residences of the
princes of the blood ; the mosque is adorned with the first three

suras of the Koran, thus differing from nearly all the mosques in

Java and Madura, though resembling those of western Islam. In

the vicinity once stood the Erfprius fort. Arisbaya {less correctly

Aiosbaya) is the place where the first mosque was built in Madur.i,

and where the Dutch sailors first made aci|naintance with the
natives. The once excellent harbour is now silted up. Ajermata,
so called from its salt-springs, is the burial-place of the princes ol

Bangkalang. Pamakasan, tliough a town of considerable extent,

presents nothing worthy of notice apart from the regent's residence.

Sampang, the seat of an important market, seenis hardly so llourisli-

ing as in Valentyn's days. The town or kuta of Sumenep had
15,000 inhabitants in 1846 ; and there are populous Malay, Arab,
and Chinese villages between the town and the European settle-

ment of Maringan. On a hill iu the neighbourhood, with a fine

outlook over the Bay of Sumenep, lies Asta, the burial-place of the

Sumenep princes ; and Niti kusuma's niaus

thing of the kind in Java.

usoleum excels every-

Madura formerly consisted of three native states—Madura or Bung-
kalang, Pamakasan, and Siirr.enep. Dutch authority was represented
by an assistant resident, and the whole island considered part of the
Java residency of Surabaya. The separate residency of Madura was
constituted in 1857. On the death of the second sultan of Bang-
kalang (1847) the title had been reduced to that of panembalMD j
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and in 1872 the new ruler was deprived of the right of collecting

taxes, and made a Government pensioner, while his territory was
split into the two Dutch " departments " of Madura and Sampang.
The sultan of Sumenep was in like manner succeeded by a panem-
bahan in 3853 ; and the death of the panembahan in 1S79 atlbrded

an opportunity of enlarging the Government control. There are

thus four "departments' in Madura,—Pamakasan, Madura,

Sumenep, and Sampang. The first three are also regencies, and the

fourth a subregency of Bangkalang ; but Pamakasan alone has the

full regency organization. The number of village communities is

1271.

The best systematic account of Madura will be Toimd In Professor Veth's Java,
voU lii., tbc proof sliccts of wliich h.ive, bytlie author's coui-tesy, been cousulteil

for tllis article. See also Uleeker, in Itiditcli. Archie/., \., and Tijds. van A'ed.

Jnd., ix.; C. de Groot in Xat. Tijdt. van iVed. hid., \v.\ Hoevcll. Rei^ over .lava, ii

;

Zollinger, "Jets over »Ic Kar. pc.scllied, ran Mudui'a," in .V. TOds. ran Sed. Jnd.,

X¥ii. ; Julies, Voy,>ije of the "Fly''; and Hagcinan in Ttjds. van Svd. Jnd., 1808.

M/ECEiSrAS, C. CitNius, is, from two different points

of view, a prominent representative man of the ancient

world. He was the first, and one of the most capable and
successful, of those who filled the office of a great minister

under the Roman empire. He was also, if not the first,

certainly the most fortunate and influential among the

patrons of Roman literature. It is in the latter capacity

that he is best known. Among all the names, royal, noble,

or otherwise eminent, associated with the jiatronage of

letters, none either in ancient or modern times is 60

familiarly kuown as that of Mscenas. Yet, if we had any
contemporary history of the establishment of the empire,

possessing the same permanent interest which the poetry

of Virgil and Horace possesses, it is probable that his

influence in shaping the political destinies of the world

would have been as amply recognized as his influence on

its literature.

The date and place of his birth are unknown. He first

appears in history in the year 40 B.C., when he is employed

by Octavianus in arranging his marriage with Scribonia, and
afterwards in negotiating, along with Pollio and Cocceius

Nerva (" aversos soliti componere amicos," Hor., Sat, i. 5,

28), the peace of Brundisium, and the reconciliation with

Antony, which was confirmed by the marriage of the

latter with Octavia. From the fact that he was then the

most trusted friend and agent of the future emperor it is

likely that he had been associated with his fortunes from
the time when he came forward to claim his iulieritance

after the death of Julius Csesar ; and expressions in

Propertius (iL 1, 25-30) seem to imply that he had borne

some share in the campaigns of Mutina, Fhilippi, and
Perusia. He may have been a few years older than
Octavianus, who began to play the foremost part in Roman
politics before he was twenty years of age. The men
of the Augustan age great in action and literature were
all born within a few years of one another. Agrippa, the

right hand of Augustus in war as Maecenas was in peace,

was born in the same year as his master ; and there is no
indication in the relations of Ma;cenas to Augustus or to

his friend Horace that he stood towards either of them in

the relation of an older to a younger man. Although the

place of his birth is unknown, wo learn from Horace and
Propertius that he prided himself on his ancient Etruscan
lineage, and claimed descent from the princely house of

the Cilnii, who, as is recorded by Livy (x. 3), excited the
jealousy of their townsmen by their preponderating wealth
and influence at Arretium in the 4th century before our
era.

. He probably prized the glories of his paternal and
maternal ancestry (Hor., Sat., i. 6, 3) as compensating him
for his original social inferiority to the members of the
great Roman houses ; and the fact dwelt on so prominently
by his panegyrists, that, through all his life, he preferred
the position of a great commoner to the new honoors of the
senate and of the Roman magistracies, may have been the
result as much of pride in his provincial ancestry as of a
politic desire to disarm tiie jealousy of his master or of the
Bumau aristocracy. . Cicero, in his defence of Cluentius.

speaks of a C. Msecenas as one of the most substantial

members of the equestrian order during the tribunate of

Drusus (01 B.C.), and as one of those who preferred the

position their fathers had enjoyed before them to the higher

rank obtainable through office (Cic.,C7»fjt<., 56, 153). From
the identity of \he pra-nomeii and the rarity of the cognomen
it is not unlikely that ho may have been the grandfather,

or perhaps the father, of tlie future minister. It was in

accordance with the policy of Julius Caesar to choose his

confidential friends from men of this order, as he chose hia

tools from a less reputable class ; and the two most trusted

friends and ministers of his successor would both have

been regarded as "novi homines" by the representatives

of the great senatorian families. The testimony of Horaite

(Odes, iii. 8, 5) and his own literary tastes imply that lie

had profited by the highest education of his time. His
great wealth may have been in part hereditary, as there

was no district of Italy in which the inequalities of wealt.h

and station were greater than in Etruria ;' but he owed his

position and influence in the state to his early adherence to

and close connexion with Augustus. Among the charges

brought against him by Seneca, one of the most prominent

is that he had been spoiled by his excessive good fortune.

From the j-ear 40 B.C. his influence as the confidential

adviser of Octavianus seem.s. to have been thoroughly

established. It was in the following year that Horace was
introduced to him, and he had before this received Varius

and Virgil into his intimacy. In the " Journey to

Brundisium," which took place in the year 37 B.C.,

Miecenas and Cocceius Nerva are described as "missi

magnis de rebus uterque Legati," and were again success-

ful in patching up, by the treaty of Tarentum, a reconcilia-

tion between the two claimants for supreme power.

During the Sicilian war against Sestus Pompeius in

36 B.C., he was sent back to Rome, and was entrusted

with supreme administrative control in the city and in

Italy. He is again found acting as vicegerent of

Octavianus during the^cam^aign of Actium, when with

great promptness and secrecy he crushed the conspiracy of

the younger Lepidus ; and during the subsequent absences

of his chief in the provinces he held the same position.

During the latter yeare of his life he fell somewhat out of

favour with his master, or his services were less needed.

Perhaps the freedom with which, in the earlier stages oi

his career, he had offered advice and told unpleasant truthw

had become distasteful. One cause for a coniparatii*

coolness between the old friends was said to be theemperoi's

relations with Terentia, the wife of Mtecenas, to whom le

was uxoriously attached. Perhaps the ennui resulting

fI'om the cessation of a life of constant vigilance an |1

activity may account for the state of sleepless restlessness

and fever in which ho passed the last three years of his life .

He died in the year 8 B.C., leaving the emperor heir to h»'

wealth, and affectionately commending his friend Horace,

who only survived him a few days, to his protection.

Opinions were much divided in ancient times as to tht

personal character of Mrecenas ; but the testimony as 1

1

his administrative and diplomatic ability was unanimous
He enjoyed the credit—or discredit, as the adherents of thi i.

republic must have regarded it—of sharing largely in thii

establishment of the new order of things,^ of reconciliuf;

parties, and of carrying the new empire safely througli

many dangers. To his influence especially was attributed

' The lines of Propertius (iv. 8, 27-8>
Et ribl ad cffectam vires det Caesar et omni

'J'rrmpore tam/acilp insinuentur opes—
show that his position under the empire ako brought verv substantial

additions to his original fortune.
- This is implied by tlie long speecn which Dion Cassius puts into

his mouth, recommending the establishment and prompting the oolicy

of the new empire (Uion Cass., lii. 14-40).
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{he liumaner policy of Octavianus after his first alliance

with Antony and Lo[iidus. Even Seneci, who shows a

very bitter animus against him, admits that he deserved

tUa credit of clemency,—although he attributes it to

otfeminacy rather than to true humanity. The highest

tribute paid to him in his capacity of minister is to be

found iu the least eminent of the poets whoso genius he

fostered. " The true trophies of Maecenas," says Propertius,

I" will be his loyalty." ' And in another elegy he addresses

him as "fidele caput." One great testimony both to his

loyalty and to his tact is the saying of Augustus, when he

h.id made public the scandal concerning his daughter

Julia, " that all this would never have happened if Agrippa

or Maecenas had lived" (Sen., De Ben., vi. 32). The only

instance in which he is said to have acted with indiscretion

as a minister was iu his betrayal to his wife Terentia of

his knowledge of the conspiracy iu which her brother

Licinius Mursna was involved.

The best summary of his character as a, man and a

statesman is that of Velleius (iL SS), who describes him as

" in critical emergencies of sleepless vigilance far-seeing a/.(i

knowing how to act, but iu his relaxation from business

more lu,Kuriou3 and effeminate than awoman." The latter

is the aspect of his character on which Seneca chiefly

dwells. He draws attention to the enervating effect which

his good fortune had even on his literary style. We need

not ask how far "the stately mansion on the Esquiline"

outdid in luxury the "gardens of Seneca the millionaire"

(" SenecK prajdivitis hortos").- "Maecenas was certainly a

man who combined an epicurean love of pleasure with a

thorough devotion to business ; and verses of his own are

quoted against him indicative of au unmanly clinging to life

after the loss of all that makes life valuable. These may
have been written in the feverish unrest of his last years,

when he was no longer himself ; but expressions in the Odes

of Horace (ii. 17, 1), written at a much earlier period, seem
to imply that he was deficient in the robustness of fibre

characteristic of the average Roman. His style of dress

and his indolent lounging w,alk exposed him to animadver-

sion ; and the Maltinus of Horace's Satires (i. 2, 25) was
supposed by some ancient commentators to be a sketch of

the great man, drawn before the poet was admitted to his

intimacy. Probably there may have been some affectation

or politic dissimulation in this assumption of a character

so alien to the standard of tho aspirants to public honours

at Rome. It was an exaggerated form of that indifTerence

to appearances and conventionalities which made him
satisfied with tlie position of an eques, and induced him
to choose his intimate associates from poets of obscure arfd

provincial origin. His ambition was to be the second man
in the empire, and to enjoy the reality without the.show of

power. A similar character is attributed by Tacitus to

Sallustius Crispus, who, after the death of Maecenas, most
enjoyed the favour of Augustus.

His charaeter as a munificent patron of literature is not

only acknowledged gratefully by the recipients of it in his

own time, but is attested by the regrets of the men of letters

of a later age, expressed through the mouths of Martial

and Juvenal. His patronage was exercised, not from
vanity or a more dilettante love of letters, but with a view

to tho liigher interest of thu state. He recognized in the

genius of the poets of that time, not only tho truest orna-

ment of the court, but a power of reconciling men's minds
to.tho new order of tilings, and of investing the actual state

of'aiTairs with an ideal glory and majesty. The change in

seriousness of purpose between tho Eclogues and the Oeor-

ffics of Virgil was, iu a great measure, the result of the

direction given by the statesman to the poet's genius. A

J Ewfert , El. iv. 9, 34 ; ii. 1, 30. » Juv. X. 16.

similar change between the earlier odes of Horace, in
which he declares his epicurean ipdifference to affairs of
state, and the great national odes of the third book is to be
ascribed to the same guidance. He endeavoured also to
divert the less masculine genius of Propertius from harping
continually on his love to themes of public interest.

Rut, if the motive of his patronage had been merely
politic, it never could have inspired the all'ection which it

did in its reciijients. The great charm of W^cenas in his
relation to the men of genins who formed his circle was
his simplicity, cordiality, and sincerity. Although not
particular in the choice of some of the associates of his

pleasures, he admitted none but men of werth to his

intimacy, and when once admitted they were treated like

equals. That loyalty which was his own distinction in his

public life was, if we may trust the evidence of Horace,
the characteristic of his own relations to his intimates, and
of their relations to one another. But, while loyal to all,

to Horace he was bound by a closer tie. Among the great

friendships of history, none is more certainly attested, or

more honourable to both parties, than that between the

|)oet and the statesman.' Jluch of the wisdom of Majcenas
probably lives in the Satires and Epistles of Horace. It

has fallen to the lot of no other patron of literature to

have his name associated with works of such lasting

interest as the Georgics of Virgil, the first three books of

Horace's Odes, and the first book of his Ejiistles. Such a

fortune can scarcely have been altogether undeserved.

Accepting' as literally true the disparaging statements of

Seneca, admitting the weakness, and perhaps the vanity,

which were the blots in his character, and considering at

the same time the difficulties of an unprecedented position,

we must allow that few ministers of an irresponsible

monarch have accomplished so much with such immunity
from the baser end more violent passions, for the gratifica-

tion of which that position holds out unlimited oppor-

tunities. As a minister and friend of the emperor he

compared favourably, both as regards capacity and

character, not with men of the stamp of Sejanus and

Tigellinus, but with Seneca. Few men have used the

infiuenca of a grand seigneur with such enlightened

beneficence, with such lasting results on human culture

and civilizatiou, with such genuine simplicity and cordial

loyalty. (w. Y. s.)

MAESTRICHT, or Maastricht, the chief town of tho

province of Limburg, in the Netherlarr^s, lies, as the name

expresses, at the irecht or crossing of the Maas (Meuse),

where the Romans erected a military post on the road

between Bagacum (Bavay) and Colonia Agrippina(Cologne).

Aix-la-Chapelle is 18 miles east-south-east, and Lit5ge 18

miles south by west. The baths discovered in 1840 in the

Groote Stokstraat show that the settlement at Trajectum

ad Mosam became a place of some considerable importanca

The town is divided by the river into two parts—the larger

portion, or Maestricht proper, on the left bank, and tho

smaller portion, distinguished as Wijk, on the right A
stone bridge of eight arches connecting the two took the

place of a wooden structure as early as 1280, and was

greatly improved in 1828 and 1836. Formerly a fortress,

Maestricht is still a considerable garrison town, but its

ramparts were dismantled 1871-78; formerly the seat of

a bishop, it still bears a strongly Roman Catholic impress;

and, in modern times more especially, it has developed into

a great centre of commerce and indu.stry. Tlie churches

and religious foundations are almost tho only buildings of

note, the chief exceptions being the town-house, completed

in 1683, and the solitary Protestant church, Janskerk (13th

century). The church of St Servatius was, according to

one account, rebuilt and enlarged as early as the time of

Charles the Great. It is now 260 feet in length, and
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in the varied character of its Gotliic architecture bears
evldeilce of the frequency with which it ha? been restored

and altered. The high altar has a Descent from the
Cross by Anthony Vandyck. The saint vhose name it

preserves obtained great reputation in Maestricht by
transferring his bishopric thither from Tongres, and his

miracle-working relics became the occasion of a great

septennial fair which was formerly of great service to the

city. The Church of Our Lady (Lieve-Vrouwe-keik),

possibly founded in the 6th century, has two very ancient

crypts and an 11th century chcSr.of exceptional beauty,

but in the nave has suffered severely from a restoration in

1764. St Matthyskerk was founded by the cloth-weavers'

guild in the 13th century ; and, though the present Gothic
buikling of St Martin's (in Wijk) was erected so late as

1859, the original church was one of the oldest in the city,

and is said by tradition to have occupied the site of one of

the old heathen temples. The twelve hospitals, the poor-

house, the orphanage, and most of the other charitable

foundations are Roman Catholic institutions, and neither

the administrative bodies nor the educational establish-

ments are free from ecclesiastical influence. Though
Maestricht is no doubt mainly indebted for its commercial
prosperity to its position on the river, it did not begin to

reap the full advantages of the situation till the removal
of the fortifications and the opening of the railways (Aix-
la-Chapelle, 1853; Hasselt, 1856; Liege, 1861; Vanlo,

1865, &c.). At first a trade was carried on in wine,

colonial wares, alcoholic liquors, and salt ; but now, besides

Regout's well-known earthenware, glass, and crystal fac-

tory, there are establishments for the making of arms,
tools, lead, copper, and zinc work, &c., as well as tobacco
and cigar factories. The Maestricht bfeer also is highly
esteemed. The population, which was 18,000 in the
beginning of the century, was 28,917 on January 1, 1882.

Maestricht was taken and plundered by the Normans (881 and 884),
by Bishop Henry of Gueldera (1267), by Adolph de la Marck (1334),
and by the people of Liege (1407 and 1408). In the war with
Spain it was successively besieged by the Spaniards, the prince of

Orange, Prince Maurice, and Frederick Henry (1579, 1680, 1594,
1632); and in the struggle between Louis XIV. of France and
William III., and again during, the French Revolution and the
Napoleonic period, it paid the penalty of its frontier position—wit-
ness the sieges of 1673, 1676, 1701, and 1793. During the revolu-
tion of 1830 it was invested by the Belgians. Among the more
peaceful memories of the place is the marriage of Otto IV. with
Mary of Brabant. The people of Maestricht have a special dialect of
their own ; ' but French and Dutch are in use among the upper
classes. In the neighbourhood of the town are the great sandstone
quarries of Petersberg, one of tlie most extraordinary labyrinths
of subterranean excavation in the world.

MAFFEI, FRiNCESc'o Scipione, Maechese di (1675-
1755), Italian archaeologist and man of letters, was born
at Verona on June 1, 1675. He studied for five years in

Parma at the Jesuit college, and afterwards from 1698 at

Eome ; and in 1703-4 he tooTc part as a volunteer in the
war of succession, fighting on the Bavarian side at

Donauwerth. In 1709 he began at Padua along with
Apostolo Zeno and Valisnieri the Giornale dei letterati

* While the North Limburg dialects, says Professor Gallee of
Utrecht, are largely corrupted with Dutch forms and words, the
Maestricht or South Limburg dialect (to which those of Hasselt, St
Fruiden, and Sittand are nearly akin) has remained comparatively
free from such admixture. Its phonology is peculiarly interesting
both in itself and because its history can be traced to an early date
by authentic documents. The Old Frankish psalms and the Limburg
sermons are written in it ; and it was also the original dialect of the
8t Servatius Legend (cd. by Bormanns) now transcribed in the Belgian
Limburg dialect, and of Veldeke's ^neid (ed. by Bchoghel), now
in Middle High German. About these works consult'Cosyn, Taal en
UUerbode iii., v., vi ; and in regard to the modern dialect Mone's
Anz. /Ur Kunde der teuischen Vorzeit, 1836 ; BeJgisch. Museum, iii.

;

Franquinet in Jager's Archief, iii. ; and Winkler's Niderduitsch
(n Friesch diahcticon i. Specimens will be found in Firmenich'a
VtlitTStimmen and Leopold'* Van de Scheldt tot de Weichsel.

d'ltahdj'a, literary periodical which hnd but a short career,

and subsequently an acquaintance with the actor P.iccoboui

led him to exert himself for the improvement of dramatic
art in Italy. His Merope, a tragedy, appeared in 1713;
Teatro Italiano, a small collection of works for presenta-

tion on the stage, in 1723-25; and Le Ceremonie, .an

original comedy, in 1728. From 1718he became specially

interested in the archaeology of his native town, and his

investigations resulted in the valuable Verona lUustrata

(1731-32). MafTei afterwards devoted four years to travel

in France, England, Holland, and Germany. He died at

Verona on February 11, 1755. A list of his very

numerous works will be found in the Biofjraphie Generale.

A complete edition of them appeared at Venice (28 vols.

8vo) in 1790.

MAFRA, a town of Portugal, in the province of

Estremadura and district of Lisbon, lies near the Atlantic

coast, about 20 miles to the north-west of Lisbon, and had
a population in 1878 of 3231. It is remarkable for its

cloister-palace, built by John V. in 1717-32) in conse-

quence of a vow made during a dangerous illness to build

a convent for the poorest friary of the kingdom,—which
proved to be a small Franciscan settlement here. The
architect, Ludovisi, took the Escorial for his model ; but

the imitation is still less successful than the original. The
building, which is in the form of a parallelogram measuring

upwards of 800 feet from north to south and 700 feet from

east to west, is said to contain 866 rooms, and to be lighted

by no fewer than 5200 windows. The centre is occupied

by the domed church, sumptuously built of marble, and
richly adorned with statues and other objects of art. The
conventual buildings (which are no longer used as such)

contain 300 cells; and the library numbers 30,000 volumes.

Adjoining the palace are fine gardens and pleasure grounds.

MAGDALA (more correctly Makda!a), a natural strong-

hold in the country to the south of Abyssinia, situated

about 200 miles inland from the Gulf of Aden, in 11° 22'

N. lat. and 39° 25' E. long. The basaltic plateau of which
it consists rises 9110 feet above the level of the sea, and
forms along with the neighbouring height of Salassye (9160
feet), with which it is connected by the ridge of Salamgye
(8650 feet), a comparatively small and narrow outrunner

of the Amara Seint plateau. It is about three quarters of

a mile in length by less than half a mile in breadth, and
lies more than a thousand feet higher than the neighbouring-

plain of Arogye. To the south runs the Kukullo Ravine

and to the north and the west the Bashilo and the Wark
Waha Ravines, all of which ultimately drain into the Abai,

and thus belong to the basin of the Nile. Chosen by King-

Theodore of Abyssinia as his principal stronghold in the

south, Magdala owes its celebrity to the fact that, as the

place of imprisonment of the English captives, it became the

goal of the great English expedition of 1 868. At the time of

its capture it contained huts for a permanent population of

about three thousand, a royal residence of the most meagre
pretensions, a still more insignificant church, and a large

treasure-house stored with arms, ecclesiastical furniture,

and vast quantities of Abyssinian manuscripts. The whole
rock was burned bare by order of Sir Robert Napier, and
on the departure of the English it was seized by Mastwat,

queen of the Wollo Gallas, in whose country it is situated.

See Markham, Ilistorti of the Abyssinian Expedition, 1869 ; and
Eassam, British Mission to Theodore, 1869. Both contain plans and
views of Magdala.

MAGDEBURG, the capital of the Prussian province of

Saxony, and one of the strongest fortresses in Germany, is

situated in 52° 8' N. lat. and 11° 40' E. long., mainly on

the left bank of the Elbe, which here divides into three

branches. It consists of the town proper and of the

(our suburbs of Friedrichstadt, Neustadt, Sudenburg, and.
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Bnckau ; the last three of these are separated from the

town by the ramparts and glacis, but are all included

within the new line of advanced bastions. In the Elbe,

between the old town and the Friedrichstadt, lies an island

called the Werder, occupied by the citadel, and united with

feoth banks by bridges. With tlie exeeptioii of tlie

Breiter Weg, a handsome thoroughfare running from north

to south, the streets of the town proper are nurrow and
crooked. Along the Elbe, however, extends a line pro-

menade named the Fiirstenwall, at one end of which stands

a, monument in coiiimemoration of the Franco-German war.

To the south of the inner town is the Friedrich-Wilhelm'a

'larten, a beautiful park laid out on the site of the cele-

brated convent of Bergen, which was founded in 937 and

suppressed in 1810. By far the most important building

in Magdeburg is the cathedral, a handsome and massive

structure of the 13th and 14th centuries, exhibiting an

u

nj.

pss

I, St James's Cliurcli.

1. Walloim Church.
». St Catherine's.
•4. 8t Peter's.

k, SUtue of A. W. Ftanka.
«. Statue of Otho the

Great.

Plau of Jlagdebiirg.

7. Rathhaus.
8. St John's Churt-h.

9. School of Art.

10. St Ulrlchs Church.
11. Town Theatre
U. St Mary's (Llebfrnuen-

klrche).

13. Dutch Relormcd
Chuich.

14. Ilipher Courts.
16. PoslOffloe.

10. Government BuilJ-
inrs.

17. Cathe<lr«l.

interesting blending of Romanesque and Gothic architecture

The two fine towers were completed about 1520. The
interior contains the tombs of the emperor Otho the Great

and his wife Editlia, an English princess, and the fine

monument of Archbi.shop Ernest, executed in 1497 l)y

Peter Vischer of Nuremberg. The Liebfrauenkirche, the

oldest church in Magdeburg, is an interesting Romanesque
edifice of the 12th and 13th centuries. The chief secular

liiuildings are the. town hall, built in 1091 and enlarged in

1866, the theatre, the governor's house, the central railway

station, and the exchanga The Breiter Weg and the old

market contain numerous fine private houses in the style

of the Renaissance. In front of the town-hall stands an

equestrian statue of the emperor Otho the Great, erected

tdjyards the close of the 13th century. The favourable

situation of Magdeburg, in the very heart of Germany, and
on the Elbe below all its principal -afflnents, has made it

one of the most important commercial towns in the empire,

and it is also the focus of several important railways. Tht
chief articles of commerce are agricultural and colonial

product.?, manufactured goods, and wine. The town and
its suburbs contain numerous manufactories of woollen,

cotton, and eilk goods, sugar, spirits, tobacco, organs and
pianos, chocolate, and chicory. Magdeburg is the head-

quarters of the 4th corps of the German army, and the
seat of the provincial court of appeal and administrative

offices, of a Lutheran consistory, and. of a superintendent

general of the Evangelical (Reformed) Church. It also

contains two gymnasia, two " Realschulen," schools of art,

medicine, surgery, and mining, nnd numerous scientific'and.

charitable institutions. The population of Magdeburg in

1880 was 97,539, or, including Ncustadt and Buckau,

137,109.

M.igileburg, which was !ii existence as a small tiading settlement
at the bpgimiiiig of ,the 9tli century, owes its early prosperity chiefly

tojtlie emperor Otho I., who established a Benedictine convent here
in 937 (see above). lu 968 it became the seat of an arclibishop,

who was also primate of Germany, and exercised sway over an ex-

tensive territory. By the 13th centtiry Magdeburg had become a

flourishing commercial town and an important member of the
Hanseatic League. Its bench of sheriH's (ScJibjipcnstuIil) becamo
celebrated, and " Magdeburg law," securing the administrative
independence of municipalities, was adopted in many parts of Ger-
many, Poland, and Bohemia. During the Middle Ages the citizens

were almost constantly at variance with the archbishops, and by the
end of the 15th century li.ad become nearly independent of tbera.

It should, however, be noted that Magdeburg never became a free

city of the empire. The town embraced the Reformation ia 1524,

and was thenceforth governed by Protestant administrators or arch-

bishops. On the refusal of the citizens to accept the " Interim,"
Magdeburg was besieged by Maurice of Saxouy in 1550, and capi-

tulated in 1551 on favourable terms. During the Thirty Years'

War the city was twice besieged, and suffered terribly. It success-

fully resisted Wallenstein for seven months in 1629, but was
stormed and sacked by Tilly in 1631. The whole town, with the

exception of the cathedral, the Fiauenkirche, and about 140 houses,

was burned to the ground, and 30,000 of its 36,000 inhabitants were
butchered without regard to age or sex. The town recovered from
this deadly blow witli wonderful rapidity. In 1648 the arch-

bishopric was converted into a secular duchy, to fall to Branden-
burg on the death of the last administrator, which happened in

1680. In 1806 Magdeburg was taken by the French and annexed

to the kingdom of Westphalia, but it was restored to Prussia in 1814,

on the downfall of Napoleon. Olto von Guericke, the inventor of

the air-punq), was burgomaster of Magdeburg at the time of Tilly's

siege. Carnot died here in e.xile, and is buried in the cemetery, and

Luther was at school here and saDg id the streets for biead with

other poor choristers.

See Rathmaiin, GfscIiHitr ,lcr Slailt UiKjdrbitrg, 1800-17; Hoff-

mann, Chronik der Stadt Maydelmrg, 1843-50; Baithold, GcschiclUe

c/er dcutschen Stddlc, 1850.

MAGELLAN, Fkroinamd, in Portuguese Fer.\-ao de

Magalhaes(c. 1470-1521), who, though he did not survive

to return home with his ship, well deserves the title of the

"first circumnavigator," was born about 1470, and (accord-

ing to the somewhat questionable authority of his will,

dating from 1504) at Villa de Sabroza in the district of

Villa°Real, Traz os Montes. His family was "hidalgo,"

and he seems to have spent his boyhood in the household

of Queen Leonora, consort of John II. of Portugal.' For

several years he was in active service in the East Indies.

It was he who, in 1510, gave Siqueira timely warning of

the plot of the people of Malacca, thus probably saving his

countrymen from annihilation ; and, along with Serrano,

he commanded the ships sent out under Abreu for the dis..

covery of the Spice Islands. On his return from the East,

Magellan was sent to Azamor in ^Morocco ; and this brief

episode in his career is memorable for the wound which left

him lame for the rest of his life, and for the beginning of the

troubles which determined his future course. Contrary to

what he had a right to expect, the king (Manuel) refused

Magellan's application for an increase of the pay assigned

to him as a member of the royal household ; and the

manner of the refusal added insult to what he considered

injury. In company with another malcontent of note.
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Ruy Faleiro the astronomer, he formally renounced his

nationality, and went to offer his services to the court of

Spain. Word was no sooner brought to Manuel of the

schemes proposed to the Spaniards than he felt the mistake

he had committed ; but all the efforts put forth by special

agents to allure his alienated subjects back to their

allegiance, or to thwart their negotiations, proved of no
ftvaiL The bishop of Burgos, Juan Kodriguez de Fonseca,

had taken the matter up, and things had gone too far for

Magellan to retrace his steps. On August 10, 1519, the

expedition set sail ; to find his way by a western routfe to

the Spice Islands of the East was the task which its com-
tnander had undertaken. When more than three years

Sfterwards, on September 6, 1522, the "Victoria" cast

anchor in a Spanish port, the captain, Sebastian del Cano,

had a strange tale to tell of mingled triumpli and tragedy.

While the squadron lay in Port St Julian, on the Pat;i-

§onian coast, three of Magellan's Spanish captains had
flefied him and conspired against him, and it was only by
k rapid execution of summary vengeance that he had main-

tained Ills authority. At a later date the " Antonio," at

the instigation of Gomez, the Portuguese pilot, his personal

enemy, sailed home to Spain with evil reports, at the

very moment of success, when the Strait of the Eleven

Thousand Virgins, or of the Patigonians, now known as

the Strait of Magellan, had been explored almost to the

Pacific. The strait was passed on November 28, 1520;
and, though Magellan had not quite reached the Spice

Islands when he fell in conflict with the people of Zebu,

27th April 1521, his task was virtually accomplished.

The name Magellan's Laud—long given to Patagonia and
that hypothetical continent of which Tierra del Fuego was
considered only a portion—had disappeared from our

maps, but has again been bestowed by Chili on the terri-

tory she claims in the extreme south.

No record of Iiis exijloits has been left by Mngellan himself; anil

contemporary acconnts are less detailed and consistent than could

be wished. The best is that of Antonio Pigafetta, a volunteer in

the fleet. It is printed in Ramusio, and exists in four e;irly MS.
copies, three in French and one in Italian. The Italian was nrinted

in 1801 by Amoretti. Along with five minor narratives an English
version appears in Lord Stanley of Alderley's First Voyage round
the IVorid by Magellan, \8'i (Hakluyt Society's Publications, vol.

lii.). See also Ji G. Kohl, Geseh. der Entdechitngsixise . . . zur
Magellan's Sliasse (Berlin, 1877), and Ramon Guerrero Vergara,

Los descubiidores del Estrccho de Magellanes, Santiago de Chile,

1880.

MAGGIOPiE, Lago (French, Lac Majeur ; in Italian

also frequently Lago Verbano ; Latin, Verbanns), is the

westmost of the great lakes of northern Italy. In accord-

ance with its popular name it has long been reputed the

largest of them all ; but though in length it somewhat
surpasses Lago di Garda, it does not cover so extensive an

area. Of the total surface of 82 square miles, 65 belong

to Italy, and the remaining 17 to the Swiss canton of

Tessin or Ticino. The length from north to south, between
45° 43' and 46° 10' N. lat., is 38 miles; the -breadth,

generally between 2 and 4 miles, is increased to 6 or 7 at

the junction of the Toce valley on the west. The Ticino,

the leading tributary of the Po, enters at the one end of the

lake and escapes at the other. The very interesting geo-

logical problems which Lago Maggiore suggests are not yet

fully cleared up. (See Taramelli, II cantone Ticino meridi-

onale ed i paesi finilimi, Bern, 1880, forming vol. xvii.'of

the materials for the geological map of Switzerland.) The
whole of the west side and the east side as far south as Val

Travaglia are shut in by a region of gneiss and schists,

while the remaining portion presents dolomites, calcareous

rocks, and conglomerates, mingled with strongly developed

moraines. On Dufour's great map of Switzerland the

greatest depth is given as 2801 feet, opposite Pino ; but

thi6 is probably much in excess, as in G. B. Maggi's

topographical map of the lake (Turin, 1857) the highert
fagure registered along the medial line is only 1233 feet
between Barbe and Lavello, and at the laying of a telegraph
line m 1860 Salts found no more than 337 between Vira
and Locarno. The ordinary height of the surface above
the sea is about 640 feet.

Between the lowest
and highest water-mark,
however, there is a dif-

ference in ordinary years
of nearly 12 feet, and
in very e.^cceptional cases

of twice as much. For
not only is the Ticino
subject to floods, but the
lake receives a number
of considerable streams
(the Toce, the Maggia,
the Verzasca, the Tresa,

tl'c), and some of these

bring down the surplus

waters of other lakes

—

Lugano, Varese, and
Orta. Tlie flood of

1868, which exceeded
by about 6 feet the

greatest that had been
known for centuries, so ^="8" ^laggiore.

deepened and enlarged the outlet of the river that the
level of the lake was permanently reduced by about a
foot and a half, and alterations had to be made at the
various ports to suit the new condition of things. (See
Paplo Gallizia in Atti del Coll. degli Ingegii. ed ArcJiit. in
Milano, 1879.) At least twenty-three species of fish are

caught in Lago Maggiore; and the fisheries are of value
entjugh to be closely preserved by the proprietors.

The principal towns and villages round the lake are the
following,—the first being in Switzerland, and the others

in Italy :—Locarno (population in 1880, 2645), at the

mouth of the Maggia, one of the alternate capitals of the

canton of Ticino ; Cannobio (2000), famous from the 15th

century for its tanneries, and with paper-mills and silk-

works ; Luino (2000), the original home of the Luiui

family, and the scene of one of Garibaldi's exploits in

1867, commemorated on the spot by a statue of the victor;

Laveno (1500), formerly an Austrian naval harbour; Intra

(4500), a busy manufacturing town—cotton, glass, silk,

ic; and Pallanza (4200), a flourishing little city with a

lar^e cathedral, a penitentiary, &c., and altogether the

most important place on the lake. The celebrated Boe-

KOMEAN Islands, lying off Pallanza, have been already

described, vol. iv. p. 64 ; compare Medone, Le isole Borro-

mee, with views by Falkenstein (Novara, 1840). As the

St Gotthard and St Bernardino routes meet at Bellinzona,

much of the trade between Italy and the north used to

pass by way of the lake and the high roads that skirt its

banks ; and the opening of the St Gotthard railway, which

joins the Italian system at Pino on the east side, and goes

as far as Locarno on the west side, will bring back some

of the traffic which the earlier railways diverted into othe?

channels. The first steamboat was launched on the lake

in 1826.

See P. 'MoTTigf^]ti,Tst. delta Nobiltii del Lago Maggiore; Amoretti,

Viaggio ai ire larjhi ; Vagliano, Rice del Vcrbc.no.

MAGHIANA, the chief town and headquarters pi

Jhang district, Punjab, India, is situated in 31° 17' N. lat.

and 72° 21' E. long., and had a population in 1868 ol

10,525 (Hindus, 5192; Mohammedans, 4698; Sikhs, 306;

and " others," 329). It has a considerable trade with

Kandahar, large exports of country cloth, and a fluctuating
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t>tfsiuess ia graiu from tlie fertile lowlands of the RAvi.

The civil station lies to the east of the town, and consists

only of a court-house and treasury, sessions bungalow,

jail, church, and three or four residences of officials.

Maghidna forms a single municipality with Jhang town,

which lies 3 miles to the north. The united population is

19,649.

MAGIC ' has its name from the magi, Greek /xdyoi, the

hereditary caste of priests among the ancient Persians,

thought to be of Median origin (Spiegel, Actsta, vol. ii.

p. vi.). Among the magi the interpretation of dreams

was practised, as appears from the story of the birth of

Cyrus (Herodotus, i. 107) ; later writers describe them

ia both a sacerdotal and magical capacity, Lucian

(STalcrok, 4) calling them a prophetic class and devoted to

tlie gods, while Cicero {De Diviimtione, i. 23, 41) writes of

them as wise men, augurs, and diviners. In such super-

natural crafts the magi seem to have much influenced the

Western nations, to judge by their name having passed

into a set of classical terms (/xayeia, /layei'u, mayia, ma^/ice,

(Sic) applied to sorcery, enchantment, and occult science

in general. In the New Testament soothsaying and

sorcery are so designated (Acts rai. 9, xiii. 6) ; while the

astrologers who divine the birth of the King of the Jews
by the appearance of a star in the east are called magi

^.Matt. ii.).

The word magic is still used, as in the ancient world, to

include a confused mass of beliefs and practices, hardly

agreeing except in being beyond those ordinary actions of

cause and eflect which men accustomed to their regularity

have come to regard as merely natural. Thus magical

rites are difficult even to arrange in systematic order. A
large proportion of them belong properly to the general

theory of religion, inasmuch as their efficacy is ascribed to

the intervention of spiritual beings. Thus the ghosts of

the dead are called up by the necromancer to give oracles or

discover hidden treasures, or sent to enter men's bodies aud
afflict them with diseases or to cure them, or in a score of

ways to do the. behests of the magician, whose spells or

incantations are thought powerful enougii to control the

will even of such divine beings as can drive the winds and
give or withhold the rain. It must be noticed, on the

ether hand, that many magical arts show no connexion

with spirits at all, or, even if ghosts or demons or gods

have to do with them, the nature of these beings does not

of itself account for the processes employed or the effects

believed to result. This non-spiritual element in magic

depends on imagined powers and correspondences in nature,

of which the adepts avail themselves iti order to discover

hidden knowledge, and to act on the world around them

by means beyond the ordinary capabilities of men. Thus
by mere effort of will, by traditional formulas and rites, or

by working on symbolic fancies, the sorcerer believes he

can bewitch others to sickness or death, the astrologer reads

the future in the aspects of the stars, the augur attends to

omens from the cries- of birds and beasts, the haruspex

prophesies by the heart or liver of a slaughtered animal,

and other classes of diviners judge of the hidden past and
the yet more hidden future by the falling of lots or dice, the

twitching of their own fingers or the tingling of their cars,

and a host of other fact's of nature which, as the educated

world has now found out, have no practical connexion with

the magical meanings or effects assigned to them. The
great characteristic of magic is its unreality. Its methods
have often an ideal coherence which may be plainly traced,

but practical effect they have none, and so they may be

altered or transposed without being made worse or better.

* Tlie etymology of the word is seen in the terms " art magic," or

the *' magic art"; French, art ina(jiq\te\ Latin, magico. ayi^.

One remarkable consequence of this is the fixity with

which some magical formulas framed thousands of years ago

hold on almost unchanged to this day. To understand

this, it must bo borne in mind that, if there were any

practical use in such rules as those for divining by the

cries of animals, the old rules would have been improved

by experience into new shapes. But, they being worthless

aud incapable of improvement, this motive of change is

absent, and the old precepts have held their ground, handed

on by faithful but stupid tradition, from age to age.

When the test of practical efficacy comes in upon the

magic art, it is apt either to destroy it utterly or to

transform it into something more rational, which passes

from supernatural into natural science.

Magic is to be reckoned among the earliest growtlis of

human thought. The evidence for its remote antiquity

lies partly in its presence among all races of mankind,

the ruder tribes especially showing it in such intelligible

shapes that the beginnings of magical crafts may be fairly

supposed to have arisen in the oldest and lowest periods of

culture. An example may be taken from the wild natives

of Australia, whose whole life is pervaded by the belief,

and embittered by the terror, of sorcery. They imagine

the sorcerers, armed with their mysterious power called

lo)/l-ya, to come moving along in the sky, invisible except

to other sorcerers ; they enter the bodies of men, and feed

stealthily on them, not eating the bones, but consuming

the flesh ; the native feels the pain as the boyl-ya enters

him like a bit of pointed quartz, and in this shape of quartz

crystal the evil can be extracted by another sorcerer. Tlie

sorcerer has other means of attacking his victim : he can

creep near to him when asleep, and bewitch him to death

by merely pointing at him a leg bone of a kangaroo ; or he

can steal away his kidney fat, where, as the natives believe,

a man's power dwells; or he can call in the aid of a

malignant demon to strike the poor wretch with Ms club

behind the neck ; or he can get a lock of hair, and roast it

with fat over the fire till its former owner pines away too,

and dies. The Australians, like other low tribes in the

world whose minds are thus set on imaginary causes of

death, hardly believe a man can die unless by being slain

or bewitched. When a native dies what we call a natural

death, they ascribe it to magic. Then other magic must

reveal the hostile sorcerer who has done him to death

:

either the corpse itself will seem to push its bearers in the

direction of the murderer, or the flames of the grave-fire

are seen to flicker towards where he is, or some insect will

be seen creeping towards his home ; and, when the next

-of kin thus discover the magic enemy, they set off to take

vengeance with earthly weapons. The sorcerer has kindlier

duties when he sits by a sick man and charms and charms

till he recovers, or suck.s out the disease from his body in

the shape of a stone spear-head or a fish bone, or -bringJi

out the ailment along a string, the other end of which he

draws between his own lips till it is covered with blood,

telling the bystanders (who believe it) that this blood came

along the string out of the sick man. Not disease and

cure onl}', but other events of life, come within the scope'

of native magic. Storm and thunder are the work of the

sorcerers ; they can bring rain and make the rivers swell,'

or burn up the land with drought. Shooting stars and

comet.s are to the natives omens of disaster ; the great

hawk's cry in the night portends the death of a child,'

whoso soul the bird is carrying off; but when a man's

finger-joints crack he stretches out his arm, fo.r in that

direction some one is doing him a kindness.^

^ For these and other details see Grey, Journals of Expeditioits

;

Waitz, Anthropologic dcr XalurvOlkcr^ vol, vi. ; Brough Smyth,
Aborigines of Victoria; Fison and Howitt, Eamilaroi and Kumui,
kc.
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Taken together, such a repertory of the deuionology and

witchcraft of a special group of savage tribes shows

remarkable correspondence in principle w^lh the magic

which once flourished in the civilized world, and which

still lingers in peasant folklore. The very details often

agree so much as to raise the question whether the magic

of savages may sometimes have been borrowed from the

lower class of colonists. The superstitions of the peasant

are in fact what the savage would readily assimilate, as

belonging to a state of mind like his own, and there is

even evidence of European charms and omens having

been sometimes borrowed by native tribes of Australia or

America. It was necessary to mention this, if merely

to point out that such borrowing has been only slight and

superficial. It in no way upsets the general principle that

tbo magic of the lower races was developed among them,

fitting as it does with their low level of knowledge. Every

book of travels in savage and barbaric countries shows

the influence of the native magician, who, often at once

sorcerer and established priest, and sometimes even chief

of his tribe, by the aid of spirits and other supernatural

means interferes in every act of life. Thus in the Pacific

islands the Europeans found a whole class of sorcerers

living by making diseases, their method being the familiar

one of burning or otherwis* practising on some morsel of

hair or remnant of food, so as to send disease into its

owner, by a malignant spirit tying knots in his inside till

he writhed with agony. Every sick man was a source of

profit to the sorcerer who was believed to have brought on

the disease by burning his rubbish, and of course had to

be bought off by liberal presents. In these Pacific islands

a fact most important in the theory of magic everywhere

comes into view with particular distinctne's—that such

magical arts prove effective through the patient's own
imagination ; when he knows or fancies that he has been
bewitched he will fall ill, and he will actually die unless he
can be persuaded that he has been cured. Thus, wherever

sorcery is practised with the belief of its victims, some
system of exorcism or some protective magical art becomes,
not only necessary, but actually efi"ective, a mental disease

being met by a mental remedy to match it.* At the

discovery of America, the Spaniards found the native

sorcerers throwing themselves into delirious ecstasy by
snuffing a narcotic powder, their ravings in this state being
held to be conversation with departed souls, through who.se

help they were able to cure the sick by expelling the
disease. The class to which these sorcerers belong extends
over South Ameri<;a, and is generally known under the

name of jyaye (or allied terms). The sorcerer is described

as being initiated by living in some wild spot till by fast-

ing and self-torture he attains his supernatural craft,

becoming able to see spirits, to consecrate bits of bone or
stone into powerful amulets, to make good or bad weather,
to gain mystic powers over familiar birds and beasts, to

take omens from their cries or from the itching of his own
ekin, which latter symptom an Abipone diviner declared
to portend an attack from a tribe of enemies, in spite of

the missionary, who irreverently set it down to fleas.

The old arts of the pay^s, their malicious witchcraft with
herbs and hair, the use of narcotics to produce ecstasy,
and their mental excitement by drumming, rattling, and
dancing are still to be met with in the wild districts of
Guiana and Brazil. In North America practitioners of
the same kind are generally known as " medicine-men,"
from the French colonists calling them nieJecins, as being
the native doctors; the terra is really appropriate to
barbaric magicians in al l parts of the world, whose

' See Ellis, Polynesian Researches ; Turner, Nineteen Years in
Polynesia; Polack ifauners and Cuiiomso/'VewZealaviere;'Waiti.
vols, T. , vi.

arts of causing and curing disease generally include con

siderable knowledge of herbs powerful as poisons and
remedies, of simple stopping of wounds and bandaging
hurt limbs, in fact of medicine in its elementary state, as

yet not separated from the magic with which it was at first

inextricably mixed up. The medicineman's apparatus

includes the sorcerer's usual music, the rattle and the

drum, simple and primitive instruments whose constant

association with the lower magic bears witness to the

beginnings of music and magic having been associated

together when civilization was yet in its low stages of

development. The American sorcerer carries a " medicine-

bag " made with the skin of his guardian animal, which

protects him in fight, cures the bites of serpents, and
strikes at a distance as a spiritual weapon. He knows
magic chants of power over the elements ; he can by
sucking and blowing extract disease animals from the

sick ; he can make pictures and images and pierce them
with thorns so as to kill the men or animals they represent;

and he can compel love by practising on the heart of the

picture of the beloved one.- In Africa the native sorcerer

bears the name of mganga among the west and central

negro tribes, nyani/a among the Zulus of the south. He
is the rain-maker, an office of the utmost' importance among
tribes who may perish of famine and disease after a long

drought. In his craft a principal part is played by what

the English in Africa (using the Portuguese word fcitii;o,

charm or amulet) call " fetiches," which are claws, fangs,

roots, stones, and any other odds and ends fancied to be

inhabited by spirits or invested with superhuman power.

These fetiches the negroes trust in for good and against

evil fortune, with a confidence which no failure can shake

further than to cause the unlucky bearer to discard a par-

ticular fetich which has failed, and to replace it by a more

successful one. The African mganga has intercourse with

demons ; and, being called on every day to predict the

fortune of a fight or a bargain, or to discover lost or stolen

cattle, he professes to gain information from the spirits,

or uses his various modes of divination, such as taking

omens from the cries of the eagle or the owl, the swimming
of berries, or the moving of sticks in his own hands aa

they twitch spasmodically in nervous excitement. As with

magicians everywhere, his trade is profitable but dangerous,

for if his arts of killing have been successful beyond bearing,

or still worse if public opinion decides that he has wilfully

withheld the rain, he may be drowned or burned as miser-

ably as one of the many victims he has done to death.*

These instances are selected to give an idea of the sorcerers

of the lower races and their modes of working, which are

remarkable for their uniformity in the most distant regions,

among tribes who can have had no communication or con-

nexion since remote ages. Where, however, such races a3

the African negroes come in contact with such foreigners

as the Arabs, who though niore civilized than themselves

have not outgrown the magical stage, they borrow their

more cultured magical arts, such as divination by lots. la

this way the natives of Madagascar appear to have borrowed

from the Arabs a system of lucky and unlucky days of

birth, which, carried out with stupid ferocity, has cost th«

lives of thousands of children, born truly in an evil hour,

for when the magician declares their birth ill-omened their

fate is settled at once by putting them to death.*

Turning now to the cultured nations of antiquity, among

- See Waitz, vol. iii. ; Martius, £tlinograp!tie Atnerikas ; Letters <tf

Columbus ; DobrLzhoffer, Abipones ; Schoolcraft, Indian Tribes oj

North A merica.

^ See Burton, Lake Regions of Central Africa ; Wood, Natural
Ilistory of Man, vol. i. ; Ca.)\'jiiiSLy, Religious System of A mazulu,^.^

* See Ellis, .Madagaf"r vol. ii. chaps, vi., xv.; Dahle in Antanana-
rivo Annual, 1876.
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wliom the art of writing consolidated and developed false

as well as true science, we find magic in full vogue, hardly

differing in principle from that of the illiterate barbarians,

but worked into more elaborate system and ritual. Of
ancient Egyptian magic various original documents have

been preserved, containing formulas, mostly of religious

magic,—that is, acting through the aid of deities invoked.

For instance, there are hymns against dangerous animals in

the water, and spells for remaining in the country; and the

power ascribed to such formulas appears from passages like

the following :
—" I confide in the efficacy of that excellent

written book given to-day into my hand, which repels lions

through fascination, disables men which muzzles the

mouths of lions, hysnas, wolves the mouth of all

men who have bad faces, so as to paralyse their limbs," ic.

Ancient as Egyptian magic is, it has evidently grown up
fiam still earlier forms, as is shown by that plainest symp-

tom of old traditional lore, the relying on ancient or foreign

epithets as words of power over the gods. This practice

appears in the ancient papyri, and goes on to later oges,

wben the god Set is invoked by other mystically powerful

tumes which he must obey, such as "Joerbeth." The
medical art in ancient Egypt shows an interesting com-

bination of practical and magical remedies. The practical

ficipe might contain nitre or cedar chips, or deer horn, or

various other ingredients administered in ointment or drunk

ir beer, but with this the magical formula was also required

to deal with the demon-cause of the ailment. Thus an

emetic was given with the following formula, "O demon
who art lodged in the stomach of M., son of N., thou whose
father is called Head-smiter, whose name is Death, whose

name is cursed for ever !

" ifco. It must be remembered
that such formulas, foolish as they seem to modern educa-

tion, had and still have great efficacy in relieving the mind
of the superstitious patient, and giving a fair chance to diet

ftnd medicaments. Their appearance in medicine so ancient

ts that of Egypt is good historical evidence how the

old magical treatment was encroached upon by natural

lemedies, though then and for many ages afterwards the

jihysicians, wise in their generation, thought it best not to

discard the supernatural charm. The Egyptians divided

out the Timbs and organs of the human body, putting each

under the special care of a god, a system which, like many
iither details of their magic, has lasted on into the modern
world. From the astrological point of view they made a
calendar of lucky and uiducky days, according to which
fur instance on the 19th of the month Athor one must not

embark on the Nile, while a child born on the 5th of the

month Paopi will be killed by a bull ; traces of this set

of precepts may be discerned still in the modern Egyptian
ttlmanac. Another point deserving attention is the appear-

unce in early Egypt of the distinction between good and bad
inagic. Magical curative arts were practised by learned

acribes or priests, and were doubtless in high esteem, but
when it came to attracting love by charms or philtres, or

piralysing men by secret arts, this was held to be a crime.

Ab long ago as the time of Rameses III. it is recorded that

CJie Hai was accused of making images and paralysing a

man's hand, for which he was condemned to death ; this

was doubtless the ordinary bewitching by an image or pic-

ture, here already mentioned among the lower races, and to

ko mentioned again as not forgotten among ourselves.^

Still more prominent among the ancient nations who
brought magic into its pseudo-scientific stage were the

Babylonians, whoso supernatural arts were adopted and
continued among the Assyrians. No savage tribe ever

filled their world with mora swarming hosts of nature-

• licccrtla of the Pout, vols. n. , x. ; Maspero, IlisI Aiic. des PcupU'S
ii« I'Oricnt, p. 6i : F. CUabas, Lc P(ii>tjrus Mjgiqm Harris.

spirits and demons; only these more cultured nations dealt
systematically with them by set formulas of propitiation

and expulsion. The cuneiform writings preserve numerous
documents of this kind, such as " From the burning spirit

of the entrails which devours the man, from the spirit of

the entrails which works evil, may the king of heaven
preserve, may tiie king of earth preserve!"—"The god ....
shall stand by his bedside. Those seven evil spirits ho
shall root out, and shall expel them from his body; and
those seven shall never return to the sick man again."

The magic povi-er believed to reside in the secret names of

the gods was recognized by the Babylonians, one of whose
famous myths relates how by the utterance of these mystic
names the goddess Ishtar was delivered from Hades. In
the rites of the magician priests, this kind of supernatural
power resided in sacred texts, whether chanted or tied on
as phylacteries. In divinatory magic the Babylonians had
elaborate codes of rules, of which many have been preserved.

Thus omens wore drawn from prodigies, such as "when a
woman bears a child and at the time of birth its teeth

are cut, the days of the prince will be long." So with
omens from animals :

" if a dog goes to the palace and lies

down on a throne, that palace will be burned." A
remarkable passage, Ezekiel xxi. 21, mentions three modes
of divination practised by the king of Babylon as he stood
at the head of the two ways :

" he shuffled arrows, he con-

sulted teraphim, he looked in the liver." The arrow-
divination or belomancy here mentioned was done with
pointless arrows marked and drawn as lots. They are often

represented on Babylonian and Assyrian cylinders, and
their use was kept up among the Arabs till the time of

^Mohammed. The Babylonian rules of haruspication, or

examining the entrails of animals, were most minute, to

judge from the omens of prosperity or misfortune to be
drawn from the twisting and colour of the intestines of an
ass. Diodorus Siculus (ii. 29, &c.), in his account of the

Chaldcean priests, mentions with evidently good information

their hereditary skill in various branches of magic, their

use of purifications, sacrifices, and chants, to avert evil and
obtain good, their foretelling by omens, dreams, prodigies,

&c. But it is on their astrology that he deservedly lays

the greatest stress. The five planets, which they called
" interpreters," they held to portend events by their rising

and setting and their colour, foretelling the wind or rain

or heat, comets also, and eclipses of the sun and moon, and
earthquakes, and atmospheric changes, beneficial or harm-
ful, both to nations and kings and common men. The
Babylonian calendars still remain to show how eclipses

were brought iuto connexion with floods, invasions, good
and bad harvests,—such ideas being worked out, not by
mere arbitrary fancy, but from such fancied regularities

as that^the same weather and the same famines and
pestilences tended to recur in a cycle of twelve years. To
the Babylonian astrological system belong the stars of

men's nativities, the planetary houses, the twelve signs of

the zodiac (probably invented in observatories in Babylon),

while the fixed stars are associated with the planets and
gods in a system which is seen at a glance to be the

astrology which later nations of Asia and Europe have
followed since with servile faithfulness.-

Egypt and Babylon, as tli^se brief notices show, were

the chief sources whence the world learnt what may be
called the higher, branches of occult science, and from the

hi.storical point of view the magical rites and beliefs of

other ancient Eastern nations, such as Asia Minor and
India, are of little importance. It was mainly through

Greece and Eome that magic was consolidated and

° See Sayce io Records ofthe Past, vols, i., iii, , v. ; Trans. Soc. Biblical

Archxoloji; vols, iii., iv. ; Lenormant, Magic chcz Ics Chaldlens, amj

Divmatia-i cha Us Chaldluis.
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aeveloped in Western civilization. In these classic nations

there may be traced the rude old magic inherited from

barbaric ancestors, to which in later times were added

ceremonies and calculations imported as Oriental wisdom.

Ancient literature shows the Greeks as a people whose

religion ran much into the consultation of oracle-gods at

many temples, of which the shrine of Apollo at Delphi was

the chief. \No rite could keep up more perfectly the habit

of savage religion than their necromancy (veKpo/iavrtCa,

veKvo/iavrtia) or consulting ghosts for prophecy; there

was a famous oracle of the dead near the river Acheron

in Thesprotio, where the departing souls crossed On their

way to Hades (Herod., v. 92). The myth of Circe turning

the companions of Odysseus into swine shows the barbaric

belief in magical transformation of men into beasts, and
the classic sorcerer was believed to turn himself into a wolf

by spells like the medicine-man of some modern savage

tribe. Not less clearly does the story of Medea and her

caldron typify the witch-doctress with her pharmacy
(<f>apfiaK€ia) powerful both to kill and bring to life. The
worship of Hecate, the moon, sender of midnight- phan-

toms, lent itself especially to the magician's rites, as may be

seen from this formula to evoke her :
" O friend and com-,

panion of night, thou who rejoicest in the baying of dogs

and spilt blood, who wanderest in the midst of shades

among the tombs, who longest for blood and bringest terror

to mortals, Qorgo, Mormo, thousand-faced moon, look

favourably on our sacrifices !" This magical record, pre-

served by an early Christian writer, may be compared
with the poetic picture in Theocritus's idyll of the sorceress

{Idyll., ii.), where the passionate witch cries in similar words

to Hecate, the moon, to shine clear while she compels by
sacrifice her faithless lover, and goes through her magic
ritual of love and hate, striving to force her beloved home
to her by whirling the brazen rhomb, scattering his bones

with the scattered barley, melting him to love by the

melting wax, casting into the fierce flames a torn shred of

his cloak and laurels to crackle and blaze and be con-

sumed that his flesh shall be consumed likewise. This

ancient witchcraft ascribed magic power to such filth as

pounded lizards and the blood of creatures untimely dead,

revolting messes made familiar to moderns by Shake-
speare, who introduces real magic recipes in the witches'

caldron in Macbeth. The early Greeks lived in the same fear

as southern nations still do of the arts of " fascination
"

(paa-Kavia, Lat. fascinatio) worked by envious praise, or

ill-wishing, or the evil eye ; and they sought to avprt these

bad influences by the means still in use, spitting and
symbolic gestures, and the use of charms and amulets.

As to ancient Eome, much of the magic in the Latin poets,

such as Virgil and Horace, is only Greek sorcery in a Latin
dress. But severe Roman laws against those who practised

such malefic arts as making hail and spoiling the crops
show that here also the sorcerer was at his usual work.
What is more remarkable is the high official place given to

divination in old Eome, where every public act was done
under magical sanction. The auspex, or bird-viewer, and
the augur, whoee similar name seems to refer also to omens
from the flight and cries of birds, in fact carried on super-

natnral divination not by omens from birds only, but by a
variety of magical processes forming a complex traditional

system, partly adopted from the Etruscans, as to which
some curious remarks have come down to ' us in the
treatise On Divination by Cicero, himself an augur, though
L'ving in the days when the ancient lore was falling into

contempt. The Eoman divination was, as its name
implies, a religious system of consulting the gods, who
sent the signs to guide mankind. Jupiter, the Heaven-
father himself, was heard and seen in thunder and
lightning ; wherefore these heavenly manifestations were

of the highest import, observed by the augur in tbo
templum or division of the sky marked out with his lituus

or curved wand ; there was no better omen than when
Jove lightened on the left. Among birds, the fierce

eagle, Jove's messenger, gave the highest presage of

victory, while the owl with its dismal cry was unluckiest.

The good or ill signs given by many birds depended on
w?\ether they were on the right or left hand, and the sacred
chickens gave their omens according as they were eager or not

to feed, and dropped crumbs on the ground. All prodigies

were recorded as portents in Eoman affairs ; and those

which Livy mentions year by year, whether they were real

or fictitious, in either case had their efl"ect on the minds of

men who saw national signs in a htavy hailstorm, a calf

born with two heads, or a bullock found when sacrificed

to have no heart. It was in quest of such portents that

the haruspex made his professional examination of the

entrails of the victims, and reported the aspects of the

head of the liver or cleft of the lungs, as a sacred guide
to warriors and statesmen in the conduct of national

aSairs. Public divination being ou this footing, it is

not to be wondered at that, in the time of the empire,

foreign soothsayers thronged to Eome to practise their craft

among rich and credulous dupes. It appears f^at the

magic of Egypt and Babylon still held a prominent place,

for Juvenal refers, to both in his sixth satire, where he rails

at the superstitious women of his time for putting their

trust in Chaldasan astrologers, all the more if under the

laws against magicians they had been put in prison or

banished, while ladies would not go out for a drive or take

a meal without consulting their book of lucky and unlucky
hours, which bore the Egyptian name of Petosiris.

In the classic world, however, the growth of knowledge
and accurate reasoning began to have their efifect in bring-

ing magic to the test of facts, and proving its failure.

Greek philosophy, with its physical theories of the universe,

had shaken the old religion, and with it the old magic.

Though the Eomans kept it up as a matter of statecraft,

the judgment of statesmen and philosophers revolted from
it, holding rather with Ennius, who pointed out the

absurdity of the hungry fortune-teller promising others

wealth and begging a drachma for himself, or with Cato,

who wondered that one diviner could meet another and
not burst out laughing. These are both quoted by Cicero,

with other passages argued quite in the modern spirit, as

where he asks on what jirinciple a raven's croak should be

propitious ou the right but a crow's on the left, or how
a chicken eating a cake could help dropping crumbs.

Historically attacks of this kind have a particular value, as

reeordmg many magical details which we do not know
from the believers themselves. Of such details Pliny's

Natural History is full, though he hates magic as the

most fraudulent of arts ; and among the most instructive

accounts of classic astrology must be reckoned the treatise

written against it by Sextus Empiricus. Had sceptical

philosophy had its way, magic would have perished ages

earlier out of the civilized world. But there were other in-

fluences already at work, not only to preserve it, but evei^

to give it another great expansion before its final decay.

The Pythagorean philosophy, while on the one han^

bringing in the science of Egypt and Babylon, and develop

ing it into Greek mathematics and physics, on th«

other hand favoured the growth of magic by mystical

speculations, such as those on numbers. Not that the

Pythagoreaus began this delusive science, which had long

been at home in Babylon, where the occult powers of the

planetary 7 aud the zodiacal 12 were recognized, and

spiritual arithmetic was carried so far as to indicate good

deities by whole numbers and evil demons by fractions.

But the Pythagoreans developed ,it further in their mysti*



MAGIC 203

eymbolism of the active 1 and the passive 2, the sacred 4

of space proceeding from the 1, the 7 of intelligence, the 8

of love, and the 10 of the universe. "Whatever rational

thought may at first have been veiled under all this, its

literal nonsense suited the magical mind, and its effects

may be traced in magical literature ever since. With such

speculations was combined an animistic system of spirits

pervading the world, ranging from gods and demons

down to the souls of beasts and plants. Both in mystic

symbolism and in the doctrine of demons the mind of

Plato followed the Pythagorean track, and at a later

period the tendency towards magical speculation came out

strongly among the' Neo-Flatonists, when enthusiasts, not

content with speculating about the daemonic powers of the

universe, sought to establish personal relations with them,

and use them for their own ends. The treatise on the

Egyptian mysteries ascribed to lamblichus is an interesting

record of this phase of thought. Alexandria became the

especial home of systems of theurgic magic, in which
invocations, sacrifices, diagrams, talismans, were employed
with rule and method, as though they were really effective.

Much of this delusive craft has perished or become
unintelligible, but its once considerable hold on men's

minds may be traced in such relics as the gem-talismans of

the Gnostics, etill objects of curiosity to archeeologists

;

aniong their formulas is the celebrated Abraxas, the Greek
letters of which (A/?pafas, AySpao-af) stand with astrono-

mical significance for the number 365. The theurgy

which came down into mediaeval and modern Europe is

Rtrongly marked with Jewish magical speculation. After

the captivity, the Jews worked out a classification and
nomenclature of angels and demons. On the one side are

ranged such celestial powers as Gabriel and Raphael, while

against them stand such beings as Beelzebub (q.v.) and
Ashmodai or Asmodseus (Tobit, chap, iii., &c.), who is

clearly the great evil demon Aeshma-daeva of the Persian

religion. 'Many centuries afterwards, in European magic

books of the Middle Ages we find the remains of these

theurgic systems still handed on. Their elaborate folly

may be best realized by looking into such books as Francis

Barrett's Magus, or Horst's Zauher-Bibliniheh, where the

actual rites and formulas for raising demons are, given.

The evocations, with their uncouth jumb'.es of sacred

times, have some liistorical interest from their strangely

jnixed traces of ancient religions, preserved by charlatans

whose blunders show how little they understood the words

they copied. We can fancy the magician in his black

robe embroidered with mystic characters, waving his wand
as he invokes at one breath the great demons " Acheront,''

" Ashtaroth," " Asmodi," names which the modem student

recognizes as borrowed from the ancient religions of three

different oiuntries—Greece, Phoenicia, Persia. Of all the

sources of this branch of magic, the Jewish tradition is the

chief. The magician relies on the power of divine jHebrew

names, such <«» tb° sltem hammcphorash or the name Jehovah

in its true pronunciation, with which Solomon and other

wonder-workers of old did marvellous things. He draws
powerful spells from the Kabbalah (q.v.) of the later

JeTS, with its transposed letters and artificial words,

—

using for instance the name Af/la, formed from the initials

of the Hebrew sentence—" 'Thou art a mighty God for

ever." But in compelling the spirits he can use Hebrew
and Greek in admired confusion, as in the following

formula (copied with its mistakes as an illustration of

magical scholarship in its lowest stage)—" Hel Heloym
Sother Emmanuel Sabaoth Agla Tetragrammaton Agyros
Otheos Ischyros Athanatos Jehova Va Adonai Saday
Homousion Messiaa Eschereheye !"

. One of the most
curious features of the demon-evocation is the use of the
jentagram, an esseulrial adjunct of the magic circle, whose

effect in barring the passage of Mephistophelea is described

in a well-known scene in Goethe's Faust.\ This symbol is

an interesting proof of tradition froia t£e Pythagoreans.

It is a geometrical figure for the construe-,

tion of the regular pentagon (Euclid, iv.'

prop. 11), now familiar to school-boys, but',

which to the school of Pythagoras wa$*

so wondrous a novelty that they used it

as a sign of fellowship (see Bretschneider,

Geometrie vor Euklides, p. 85), and it after- '

^^ ^S''""-

wards became a magical symbol, still to be seea in use iii

every country from Ireland to China.

The magic of the Moslem world is in part adopted from

Jewish angelology and demonology, and in part carries

on Babylonian-Greek astrology, as systematized by such

writers as Paul of Alexandria ard Claudius Ptolemy,

Thus the proceedings of the Moslem magician, as met with

in the Thousand and One Niglits, mostly run parallel with

those familiar in Europe, in their fumigations and incanta-

tions, talismans {riTtXia-iieva), horoscopes, and almanacs oi

calendars of lucky and unlucky days. In fact a modem
Zadkiel in England would find himself on common ground
with his brother practitioner in Baghdad or Delhi.^ In

other districts of Asia, more peculiar developments of

magic have been preserved. To mention a few of the most
noteworthy, the Sanskrit literature in India is rich in

ancient magical precepts and hymn-charms.^ The ancient

Hindu magic is religious, turning on the actions of demons
(bhi},ia) in causing disease by possession, and their exorcism
and compulsion, as well as power obtained over higher
spirits by sacrifices, austerities, and formulas or charms
(mantra). From their connexion with early Aryan customs,
these rites sometimes throw light on European practices
derived from the same stock. Thus the magical practice of

going round " with the sun," well known as deisil in High-
land superstition, and kept up in England in the rule of

pas.<;ing tlie decanter "through the button-hole," appears
to be "a rite of Aryan sun-worship belonging to remote
anlii^uity, for (under the name of pradaxina) it forms part
of the Hindu marriage ceremony handed down from Vedic
times.^ Buddhism as well as Brahmanism had its magical
side, and its literature of magic formulas (ianh-a). The
" red-cap " lamas of Tibet, with their pretended miracles of

breathing fire,swallowing knives, and ripping themselves up,

are curious as reminding us of the time when these tricks,

now come down among us to jugglers' feats, were regarded

as supernatural. In the low Buddhism of the Mongols,

mixed with native barbarism, the shamans or sorcerer-

priests, with their rude sacrifices and demon-dances, are

among the most remarkable types of their ancient class.

In this part of Asia, and farther east, a somewhat remark-

able system of divinatory rdagic has grown out of the

reckoning of days, months, and years by a zodiac-calendar,

whose signs ape, horse, dog, kc, are combined in series

with the elements, male and female, so that a year

may be called that of the "female fire-dog." It was
inevitable that such a system should lead the magicians to

draw omens from its signs. They do so in a most elaborate

way, iaterfenng with their presages on every occasion of

life, beginning when the child undergoes its ceremonial

washing, and has its fate defined by the signs it is born
under, as " in the element fire, under the red sign in

the year of the tiger, in the month of the sheep and day
of the hog, in the fortieth division of the day under the

influence of the ninth star," <fec. This quaint science

seems, however, not altogether native, for the influence of

' See, for instance, Herklot's translation of the Qanoon-e- Tslam. -;

' See Weber, Omina ei Portenta, and volumes of Indische Studien,
• Haas, in Jvdische Sttidien, vol. v. p. 257 ; Pictet,i)r»yinM Indt-

Suroplennes, part iL, p. 498.
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Babylonian and Greek scientific and magical ideas has

extended across Asia, even into China. The magic of this

latter country is remarkable for its various and elaborate

modes of divination. These may be obtained from

mediums possessed by spirits, and giving oracles by speech

or writing with the " descending pencil," as has lately been

done by " spiritualists " in Europe. But higher authority

is given to divination by throwing sacred lots, as the two

wooden lea pwe, which fall with the flat or rounded side

up. The results of such processes of divination, in them-

Belves meagre, may be brought to any required elaborate-

ness by the use of the " eight diagrams " obtained by

combinations of the whole line (—) and the broken lino

(— ). These, primarily interpreted as representing the

male and the female principle {yang, yn), perfect and

imperfect, heavenly and earthly, are referred by syste-

matic fancy to elements, qualities, tempers, <fec., and inter-

preted in the celebrated Chinese classic book called the

Y-kitig into a collection of oracular responses.^ The

feng-shui, or " wind-and-water " magic, is a system the

practitioners of which regulate the building of houses and

tombs by their local aspects ; it has of late come under

the notice of Europeans from the unexpected impediments

it has placed in their way when desirous of building or

constructing railways on Chinese soil.^

In the lower stages of civilization the distinction between

religion and magic hardly appears, the functions of priest

and sorcerer being stiU blended, as was long since pointed

out by Meiners (Geschichie der Rdigionen, book xii.).

As established religions were formed among nations of a

higher grade, the separation became more distinct between

the official rites of the priesthood and those practised by

castes of magicians, rivalry often becoming serious between

them. Thus in ancient Egypt there appear, on the one

hand, the miracles worked by divinities under official sanc-

tion of the priesthood, and, on the other hand, the unlicensed

proceedings of sorcerers, who indeed doubtless deserved ill

of society by practices done by detestable means or for

detestable ends, such ss bewitching by hurtful demons, or

administering love-potions. Here we come into view of

the distinction still expressed by the terms "white magic"

and "black magic." Laws were made against magic in

these ancient times, but it must be remembered that then

and for thousands of years later, the opposition to magic

had seldom anything to do with the sceptical doubts of its

reality which arose among the classic philosophers. Magic

was none the less believed in for being hated and prnsrribed

;

and when a soothsayer was looked upon as a false prophet

the inference was, not that magic was unreal, but that this

particular magician was pretending to supernatural power

he did not possess. The Levitical law prohibits sorcery

under penalty of death (Levit. xx. 27). Among the early

Christians sorcery was recognised as illegal mi»acle ; and
magic acts, such as turning men into beasts, calling up
familiar demons, raising storms, <kc., are mentioned, not in

a sceptieal spirit, but with reprobation. In the changed
relations of the state to the church under ConstantinE^ the

laws against magic served the new purpose of proscribing

the rites of the Greek and Eoman religion, whose oracles,

sacrifices, and auguries, once carried on under the highest

public sanction, were put under the same ban with the low
arts of the necromancer and the witch.^ As Christianity

extended its sway over Europe, the same antagonism con-

tinued, the church striving with considerable success to

put down at once the old local religions, and the even older

' See Mohl, Y-lcing ; Panthier, Livres Sacrls de T Orient.
* See Eitel, Handbook of Chinese Buddhism ; Edkins, Folklore of

China, p. 65.

• For an excellent account of the classical and mediaeval history of

liia;;ic see Maury, La Magie et VAslrologie.

practices of witchcraft; condemning Thor and Woden aa
demons, they punished their rites in common with those of

the sorcerers who bewitched their neighbours, and turned

themselves into wolves or cats. Thus gradually arose th&

legal persecution of witches, which went on through the

Middle Ages under ecclesiastical sanction both Catholic and
Protestant. The literature of the Middle Ages does not

contribute many new elements to the study of magic, which

was carried on under thfe old traditional systems. But it

shows on the one hand how unbroken the faith of even the

educated classes remained in the reality of magic, and on
the other hand that its more respectable branches, such as

astrology and alchemy, were largely followed, and indeed

included in their scope much of the real science of the period

(see the works of Thomas Aquinds, Gerbert, Roger Bacon,

Cornelius Agrippa, &c.). The final fall .of magic begaa

with the revival of science in the 16th and 17th centuries,

when the question whether the supposed effects of magic

really take place or not was raised, and decided against it.

In our day the occult sciences are rapidly dying out ia

the educated classes of the civilized world, though astro-

logy still has its votaries, and the communications io

"spirit circles" by possessed mediums and spirit-writing

are what would in old times have been classed as necro-

mancy. The magic which holds its place most firmly in

Europe has come down by tradition in popular folk-lore,,

which is full of precepts for bewitching and averting

witchcraft, and divining by omens. Among the practices

which occur to everyone's mind are foretelling changes of

the weather by the moon's quarters, taking omens from

seeing magpies and hearing a dog howl at night, the fear

of spilling salt, observation of the shroud in the candle

and the stranger in the tea-cup, the girls' listening to th6

cuckoo to tell how soon they will be married, pulling off

the row of leaves to settle what the lover's calling will be,

and perhaps even compelling him to come by a p>'n stuck

through the rushlight. Nor has the wizard forgotten how
to cure inflammation with a " thunderbolt," generally aa

ancient stone or bronze hatchet dug up in the fields, nor

how to punish an enemy by means of a heart stuck full

of pins and hung in the chimney. These are but a few

out of hundreds to be found in Brand's Popular Anti-

quities and the volumes published by the Folklore Society,

or in the similar collections from every country of Europe.

If any one wonders that popular magic still enjoys much
credit in the peasant class, it should be remembered that

even the educated world still shows a remarkable unreason-

ableness in connecting causes and eS'ects. Thus the old

magical belief survives that a loadstone, because it draws

steel, will also draw out pain. Peasants may well carry

a magnet in their trousers' pocket against rheumatism

when better-informed people will wear with as great con-

fidence a " galvanic belt," though any electrician will tell

them it has not the power to hurt or cure a fly. One of

the most favourable proofs of the changed public opinion

in England is seen in the laws, where the penalties of

the old statute against those who keep familiar demons

are abolished, and the time-honoured charge has disap-

peared from the commission of the peace to inquire of all

" inchantments, sorceries, art magic, trespasses, forestall-

ings, regratings, &c." But persons pretending to exercise

witchcraft, sorcery, enchantment, or conjuration, or under-

taking to tell fortunes or pretending by occult or crafty

science to discover lost or stolen goods, may be imprisoned

under 9 Geo. II. c. 5, or fortune-tellers dealt with aa rogues

and vagabonds under f> Geo. IV. c. 83, or they may Be

prosecuted for obtaining money under false preteaces.

Looked at as a series of delusions, magic is distasteful to

the modern mind, which, once satisfied of its practical futility^

is apt to discard it as folly unworthy of further notice^
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Tlu3, however, is hardly doing it justice, for in the early-

developments of the human mind both religion and science

were intimately connected with magic, whose various

branches, unfruitful as they may be, are nevertheless growths

from the tree of knowledge. The universal diffusion of

magical ideas among mankind, excepting only the limited

class who have abandoned them through higher education,

shows that we are here in presence of adeep-seated intellectual

process, while the strong likeness in the principles of magic

among the rudest tribes points to its having sprung up under

most ancient and primitive conditions. The connexion

between magic and religion in its lower stages is obvious

from the impossibility of separating them, inasmuch as in

every country sorcerers and diviners, savage or civilized, are

found invoking the aid of ghosts, demons, or gods, to give

them information or execute their will. So far as magic

is ascribed to the influence of spirits, its theory belongs to

the animistic philosophy developed in the lower levels of

civilization, where all the powers of life and nature are set

down to spiritual beings (see Animism). A chief part of

the magician's business being to converse with spirits and

gain their help, he sets about this in various ways. More
often than not the spirit is considered to be a human
ghost, which behaves much as it did while it was still

a living man's soul ; or if it is called a demon or deity,

still these are beings modelled on the human soul. Thus
their manner of hearing prayers and receiviug offerings is

lite human intercourse, especially in the frequent cases

where the sorcerer is a " medium " possessed by the spirit,

who is considered to inhabit his body like his ordinary

eoul, and to give oracles speaking by his human voice. In

euch supposed interviews with spirits there is plenty of

delusion and fraud, but nothing specially magical ; and, in

fact, were the whole craft of the sorcerer of this spiritualistic

kind, there would be no practical distinction between the

sorcerer and the priest, and magic would fall into its place

as an inferior branch of religion. It is because magical

practices are by no means accounted for altogether by th''

doctrine of spirits, but involve other special explanation.

«f their own, that it is found convenient to make magic
a department by itself. Such explanation is needed in

ordinary magical practices, like that of the American
medicine-man, who draws a deer on a piece of bark and
shoots at it, expecting thereby to kill a real deer next day,

or of the Tongan soothsayer, who spins a cocoa-nut as a

teetotum, in order to discoaer a thief by noticing towards

whom the monkey-face of the nut is looking when it stops.

The magical train of thought which leads men to resort to

such devices is childishly simple. It is merely imperfect

reasoning, the mistaking of an ideal connexion for a real

one, the • confusion of ineffective analogy with effective

cause. Our minds go with those of the barbaric magicians

so far as to recognize the analogy between shooting an
animal and its picture ; wo see as plainly as they that the

cocoa-nut as it were looks in a particular direction. The
difference is that, in the magical stage of thought, these are

taken to be real connexions, while more advanced knowledge
discards them as ideal As Wilhelm von Humboldt well

remarks, "Man begins by seeking the conneKion even of

external phenomena in the region of thought ; . . . . pure
observation, still more experiment, follow at a wide distance

after ideal or phantastic systems. Man's first attempt is

to govern nature through its idea."

So much of the intellect of mankind has been spent
since remote antiquity on magic that it may seem hard to

believe the chief secret of the occult sciences to be after

all nothing but bad reasoning. This at any rate is very
unlike the theories propounded by those who have con-
demned magic as a real craft made known to man by dia-

bolical influenco, or by those who have thought to find in

its mystic precepts relics of antique wisdom. The question

is not, however, an abstruse one, for every reader has the

means of satisfying himself by inspection of a few magical
processes, as to what amount of reason really goes to

making them. In a large proportion of cases there may
be perceived, not absolute nonsense, but a kind of half-

formed sense stopping short of practical value. There being

an evident relation between an object and the thought of it,

it becomes one of the chief practices of the sorcerer to try

to make things happen by thinking about them. Thus he
so " takes the will for the deed " that when he " ill-wishes

"

his enemies, and looks upon them with the "evil eye," he
believes that he does them direct harm. On the other

hand, those who know or suspect that such influence has

been used against them suffer in reality from fear, often

even dying of it. The belief in this mysterious power
furnishes an explanation which is resorted to when any one

falls ill or has any misfortune, and thus the belief in

witchcraft among savages leads to constant enmity and
revenge. Nor is this state of things to be traced only in

what is called the uncivilized world, for those who have

much intercourse with English country folks may still meet
with instances of some cow or child firmly believed to have

been " overlooked," the death of which may possibly be

revenged on a neighbouring cottager, supposed to be the

witch. Whenever a good or evil wish is uttered in words,

it becomes a blessing or curse. When these are addressed

to some deity or demon, they are in fact prayers, but when
they are merely expressed wishes, without i reference to

any spiritual being, then their supposed effects are purely

magical Thus, in an ancient Hindu love-charm, the girl

expects to bring back an offended lover by repeating the

formula, " May thy heart devour itself for me, may thy dry

mouth water for me !" &c. Still more does this kind of

magic explain itself in the various rites where some object

is used as a symbol, and the association of ideas transfers

whatever is done to it to the person it represents. Thus

Ovid's sorceress (Heroid., vi. 91)

—

" simulacraque ccrea fingit,

£t niiserum tenuis in jecur urget acus."

King James in his Deemmiology says that "the devil

teacheth how to make pictures of wax or clay, that by

roasting thereof the persons that they bear ihe name of

may be continually melted or dried away by continual

sickness." By a similar association of ideas, any object

which has belonged to a person may be thus practised on,

as has been already here mentioned among the South Sea

islanders, or, to take a case nearer home, when in 1618

two women were executed at Lincoln for burying the glove

of Henry Lord Rosse, so that, "as that glove did rot and

waste, so did the liver of the said lord rot and waste." By
like reasoning, when internal disease is ascribed to knots

within the patient's body, it becomes a branch of witchcraft

to tie magic knots, which produce their corresponding effect

within the victim. Eandlier though not less delusive

operations of misunderstood analogy are found in attempted

cures by sympathetic magic, on the same principle which

malignant sorcerers^ would have used in giving the disease

itself. Thus knots are untied in order to untie internal

complications in the sick beast, and weapons treated to

cure by sympathy the wounds they made :

—

" But she has ta'cn the broken lance,

And washed it fryni the clotted gore.

And salvcil the splintir o'er and o'er.

William of Deloiaine in trance,

Whene'er she turned it round and round,

Twisted, as if she galled his wound.
Then to her maidens she did say

That he should be whole man and sound

Within the course of a night and day."
—Laij of the Last Minstrel, iii. 23.

The herbs used as medicfiments in the iufaucy o4
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medicine appear to have been chosen for magical rather
than medical motives, by a kind of reasoning which comes
out very plainly among Chinese physicians, who administer
the heads, middles, and roots of plants to cure their
patients' heads, bodies, and legs respectively. In like

manner European doctors long followed the " doctrine of
signatures," which was in fact mere magic,—prescribing
euphrasy or "eye-bright" for complaints of the eyes"
because of the likeness of on eye in the flower, and treat-

ing sraall-pox with mulberries because their colour made
them proper to diseases of the blood (see Pettigrew,
&uperslition$ of Medicine and Siugery). The same easily-

Understood though practically absurd principle may be
Seen to have guided the processes of divinatiun, many of
which show plainly the association of ideas that suggested
them. Thus, in the Roman augury already mentioned,
there is no difficulty in following the fancy which made
the war-eagle give an omen of victory, but attached a
doleful foreboding to the melancholy owl. The same half-

rational meaning e.xplains the reversal of omens accord-
ingly as they come on the right or left, that is, the good
or bad hand. Any one who glances through one of the
cheap dream-books still bought by servant-maids, which
fairly represent the ancient books on oneiromancy, such
as that of Artemidorus, will find many of the analogies
still intelligible on which they are founded, as that to
dream of washing one's hands presages relief from anxiety,
while he who dreams of losing a tooth will lose a friend.

The ancient art of chiromancy/, or telling fortunes by the
hand, goes on the evident analogy between the lines of the

palm and the diverging courses of human life ; closely

allied to this is scajmlimancy or divining by the cracks of

a shoulder-blade put into the fire. Of divination by lots,

80 common that the term for throwing lots {sortes) has
passed into sorcery, there are many varieties. Some are

quite pictorial, such as the Maori diviner's sticks set up in

the ground to show by their standing or falling the fate of

the warriors they represent. But this strong analogy is

not necessary, for it only requires a particular lot to be
mentally associated with a particular idea to make the
diviner believe that the fall of that lot makes that idea true.

It would be tedious to go at length through other details

of magic where the same key of imperfect analogy applies.

But it may be pointed out that this explanation is nowhere
more conclusive than in astrology. 'The very foundation

of the science of the lioroscope lies in the mere analogy
between the rising of a star above the horizon and the birth

of a man. Such circumstances as whether a planet is in

conjunction or opposition alter their effect on the "native"
in corresponding ways. The names of gods, happening to

be given also to certain planets, are taken as omens, so that

because a planet bears the name of Mercury it is brought
into fanciful connexion with wisdom, and in like manner
the planet Venus with love. Each planet having a colour

assigned to it, the aspect of Mars or Saturn is believed to

tell one, when in quest of a thief, whether he will have on
red or black clothes. So the arbitrary names of the signs

of the zodiac are made into presages, a just person being
found under the sign of Libra, and charms against bugs
being effective in the sign of Cancer. For convenience
some of these examples are taken from modem handbooks
of astrology, but in principle the old starcraft has changed

,

little in the course of ages. In the study of magic it is

necessary further to notice that precepts which seem quite
arbitrary, not showing even fanciful half-reason, are often

explained on further examination, which gives the key to

the symbolic process by which they are formed. For
instance, it would hardly be guessed why Cancer should
be a sign involving movableness, but Scorpio firmness, were
it not known that this result is obtained by arranging the

twelve signs in order as they stand, as successively movaUt,
fixed, and double (see Proclus, Paraphrn sis, i. 15). Con-
sidering the antiquity of magic, the wonder is not tltat »u
much of its sense should be lost, but that so much is still

intelligible.!, Various other causes may be traced in the
occult sciences, among which can only be mentioned here
rhabdomctncy x>T the use of the divining rod, by which the
cunning man professes to discover water springs, murderers,
or hidden treasure. Here it is evident that the decision is

really arrived at by the diviner himself, not by the twig, and
the same is true of various similar arts. From the earliest

times also tricks of sleight-of-hand, <tc., have been passed off

by magicians as miracles to deceive their dupes ; our laii-

guag6 still testifies to this in the use of the word conjuror,

the-VN-onder-worker carrying on the old juggling, although no
longer evoking demons to give him his mysterious power.

Hitherto magic has been dealt with on its delusive and
harmful side, this being what most practically manifests

itself in history. Yet it must be borne in mind that in its

early stages it has been a source of real knowledge. True as

it is that misunderstood facts and misleading analogies have

produced its delusions, its imperfect arguments have bee*

steps towards more perfect reasoning. Analogy has always

been the forerunner of scientific thought, and, as experience

corrected and restricted it into real effectiveness, from age

to age whole branches of what was magic passed into tlie

realm of science. The vague and misleading parts whicli

could not be thus transformed were left behind as occult

science, and thus the very reason why magic is almost all

bad is because when any of it becomes good it ceases

to be magic. From this point of view the intellectual

position of magic. is well expressed by Adolf Bastian

{Rechlsalterthiimer, p. 242^:—" Sorcery, or, in its higher

expression, magic, marks the first dawning consciousness

of mutual connexion throughout nature, in which man,

feeling himself part of the whole, 'thinkfi himself able tu

interfere for his own wishes or needs. So long as religion

fills the whole horizon of culture, the vague groping of

magic contains the first experiments which lead to the

results of exact science, ^lagic is the physics of mankind
in the state of nature. It rests on the beginning of induc-

tion, which remains without result only because in its

imperfect judgments by analogy it raises the post hoc tu

the propter hoc, &.C." The nature-spirits and demons with

which the magician has so much to do represent indeed

the notion of physical cause in the rudimentary science of

the lower races, while the association of ideas on which hia

sorcery and divination is based has much the same relation

to the scientific induction which succeeds it. That this

view is sound is best shown by noticing the great depart-

ments of science whose early development is known to

have taken place through magic. Astronomy grew up iu

Babylon, not through quest of mechanical laws of the

universe, but through observation of the heavens to obtain

presages of wars and harvest; while even in modem times

Kepler's discoveries in physical astronomy were led n[) to

through mystic magical speculations. In alchemy appeare

the early history of chemistry, which only emancipated

itself in modern ages from its magical surroundings. Tha

astrological connexion of the metals each with its planet

was one of its fundamental ideas, of which the traces are

still to be found in the name of the metal "mercury," and

that of " lunar caustic " for silver nitrate. Lastly, the

history of medicine goes back to the tisjies when primi-

tive science accepted demoniacal possession as the rational

means of accounting for disease, and magical operations

with herbs originated their more practical, use in materia

medica.
'

_(e. e^)^
' For details of the association of ideas in magic see Tylor, Earlf

Hist, of Mankind, chap, vi., aud Primiti'tx CM«i<r«, cliap. jj^,'
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'MA.QIC, White. Under tliis head is iucluded the art

of performing tricks and exhibiting illusions by aid of

apparatus, excluding feats of dexterity in which there is

no deception, together with the performances of such auto-

maton figures as are actuated in a secret and mysterious

manner. Conjuring by prestidigitation, or sleight of hand,

independently of mechanical apparatus, is referred to under

LEGEEDEMAiy.
Whether or not the bcok of Exodus makes the earliest

historical reference to this natural magic when it records

how the magicians of Egypt imitated certain miracles of

Moses "by their enchantments," it is known that the

Egyptian hierophants, as w^ll as the magicians of ancient

Greece and Rome, were accustomed to astonish their

dupes with optical illusions, visible representations of the

divinities and subdivinities passing before the spectators

in dark subterranean chambers. From the descriptions

of ancient authors we may conjecture that the principal

optical illusion employed in these effects was the throwing

of spectral images of living persons and other objects upon
the smoke of burning incense by means of concave metal

mirrors. But, according to the detailed exposure of the

tricks of the magicians given by Hippolytus (Bef. Oni.

User., iv. 35), it appears that the desired effect was often

produced in a simpler way, by causing the dupe to look

into a cellar through a basin of water with a glass

bottom standing under a sky-blue ceiling, or by figures on

a dark wall drawn in inflammable material and suddenly

ignited. The flashes of lightning and the rolling thunders

which sometimes accompanied these manifestations were

easy tricks, now familiar to everybody as the ignition of

lycopudium and the .shaking of a sheet of metal. The
ancient methods described by Hippolytus (iv. 32) were

very similar.

Spectral pictures or reflexions of moving objects, similar

to those of the camera or magic lantern, were described in

the lUhand 16th centuries. Thus, in the House of Fame,
bk. iii., Chaucer speaks of "appearances such as the subtil

tregetours perform at feasts "—pictorial representations of

hunting, falconry, and knights jousting, with the persons

and objects instantaneously disappearing; exhibitions of the

same kind are mentioned by Sir John Mandeville, as seen

by him at the court of " the Great Chan " in Asia ; and in

the middle of the IGth century Benvenuto Cellini saw
phantasmagoric spectres projected upon smoke at a nocturnal

exhibition in the Colosseum at Rome. The existence of a

camera at this latter date is a fact ; for the instrument is

described by Baptista Porta, the Neapolitan philosopher, in

his Mayia Natuvalis (1558). And the doubt how magic
lantern effects could have been produced in the I'lth century,

when the lantern itself is alleged to have been invented by
Athanasius Kircher in the middle of the 17th century, is

set at rest by the fact that glass lenses were constructed at

the earlier of these dates,—Roger Bacon, in his Discovery of
the Ifiracles of Art, Nature, and Magic (about 12G0),

writing of glass lenses and perspectives so well made as to

give good telescopic and microscopic effects, and to be
useful to old men and those who have weak eyes. Towards
tb* end of last century Comus, a French conjuror (the

second of the name), included in his entertainment a
figure which suddenly appeared and disappeared about
3 feet above a table,—a trick explained by the circum-

stance that a concave mirror was.among his properties ; and
a contemporary performer, Robert, exhibited the raising

of the dead by the same agency. Early in the present

century Philipstal gave a sensation to his magic lantern

entertainment by lowering unperceivcd between tho audience

and tho stage a sheet of gauze upon which fell the vivid

moving shadows of phantasmagoria.

A new era io optical tricks began in 1863 when John

Nevil Maskelyne, a Cheltenham artist in jewellery, invented

a wood cabinet in which persons vanished and were made
to reappear, although it was placed upon high feet, with no

passage through which a person could pass from the cabinet

to the stage floor, the scenes, or the ceiling ; and this

cabinet was examined and measured for concealed space,

and watched round by persons from the audience during

the whole of the transformations. The general principle

undoubtedly was this :— if a looking-glass be set upright

in the corner of a room, bisecting the right angle formed

by the walls, the side wall reflected will appear as if it

were the back, and hence an object may be hidden behind

the glass, yet the space seem to remain unoccupied. This

principle, however, was so carried out that no sign of the

existence of any mirror was discernible under the closest

inspection. Two years later the same simple principle

appeared in " The Cabinet of Proteus," patented by Tobin

and Pepper of the Polytechnic Institution, in which two

mirrors were employed, meeting in the middle, where an

upright pillar concealed their edges. In the same year

Stodare exhibited the illusion in an extended form, by

placing the pair of mirrors in the centre of the stage,

supported between the legs of a three-legged table having

the apex towards the audience ; and as the side walls of

his stage were draped exactly like the back, reflexion

showed an apparently clear space below the table top,

where in reality a man in a sitting position was hidden

behind the glasses and exhibited his head (" The Sphinx")

above the table. The plane mirror illusion is so efi'ective

that it has been reproduced with modifications by various

performers. In one case a living bust was shown through

an aperture in a looking-glass sloping upward from the

front toward the back of a curtained cabinet ; in another

a person stood half-hidden by a vertical mirror, and
imitation limbs placed in front of it were sundered and
removed ; and in another case a large vertical mirror was
pushed forward from a back corner of the stage at an anglo

of 45 degrees, to cover the entrance of a living " phantom,"

and then withdrawn. Maskelyne improved upon his original

cabinet by taking out a shelf which, in conjunction with a

mirror, could enclose a space, and thus left no apparent

place in which a person could possibly be hiddeiL He
introduced a further mystification by secretly conveying a

person behind a curtain screen, notwithstanding that, during

the whole time, the existence of a clear space under the stool

upon which the screen is placed is proved bj' performers con-

tinually walking round. And the illusion reached its height

when he revealed or "vanished" a succession of persons

out of a light shell obelisk or " Cleopatra's Needle," with a

sheet of paper interposed between this cover and the stool

it stood upon, thus intercepting the apparently only avail-

able avenue of approach. The principle of reflecting by
means of transparent plate-glass the images of highly-illu-

minated objects placed in front, so that they appear as if

among less brilliantly lighted objects behind the glass, was
employed in the " ghost " illusions of Sylvester, of Direks

and Pepper, of Robin, and of some other inventors,—the

transparent plate-glass. being, in some cases, inclined for-

wards so as to reflect a lime-lighted object placed below

the frond of the stage, and iu other arrangements set

vertically at an angle so as to reflect tho object from a

lateral, position.

Among the acoustic wonders of antiquity, fabled or real,

were the speaking head of Orpheus, the golden virgins,

whose^voices resounded through the temple of Delphi, and
the like. Hippolytus (iv. 4) explains the trick of the

speaking head as practised in his day: tho voice was really

that of a concealed assistant who spoke through the

flexible gullet of a crane. Towards the close of the 10th

century Qerbert (Pope Sylvester II.) constructed (says



^208 M AGIO [white MAGIa

William of Malmesbury) a brazen head wLich answered
questions ; and similar inventions are ascribed to Roger
Bacon. Albertus Magnus, and others. In the first half of

the 17th century the philosopher Descartes made a speak-
ing figure which he called bis daughter Franchina ; and
the superstitious captain of a vessel had it thrown over-
board. In the latter part of the same century Thomas
Irson, an Englishman, exhibited at the court of Charles
II. a wooden figure with a speaking-trumpet in its mouth

;

and questions whispered i» its ear were answered through
a pipe secretly commuuicatii\g with an apartment wherein
was a learned priest able to converse in various languages.
Beckmann, in his History of Inventions (about 1770),
relates his inspection of a speaking figure, in which the
words really came through a tube from a confederate who
lield a card of signs by which he received intelligence from
the exhibitor. Somewhat later was shown in England
the figure of an infant suspended by a ribbon, having a
speaking-trumpet in its mouth,—an illusion in which two
concave mirrors were employed, one of them concentrating
the rays of sound into a focus within the head of the
figure

; and the mirror nearest the figure was hidden by a
portion of the wall-paper which was perforated with pin-

holes. In 1783 Giuseppe Pinetti de Wildalle, an Italian

conjuror of great originality, exhibited among his many
wonders a toy bird perched upon a bottle, which fluttered,

blew out a candle, and warbled any melody proposed or
improvised by the audience,—doing this also when removed
from the bottle to a table, or when held in the performer's

hand upon any part of the stage. The sounds were pro-

duced by a confederate who imitated song-birds after

Kossignol's method by aid of the inner skin of an onion in

the mouth ; and speaking-trumpets directed the sounds
to whatever position was occupied by the bird. About
the year 1825 Charles, a Frenchman, exhibited a copper
globe, carrying four speaking-trumpets, which was sus-

pended in a light frame in the centre of a room. Whispers
uttered near to this apparatus were heard by a confederate
in an adjoining room by means of a tube passing through
the frame and the floor, and answers issued from the

trumpets in a loud tone. And of late years have appeared
more than one illusion of a similar order, in which the
talking and singing of a distant person issue from an
isolated head or figure by aid of ear-trumpets secretly

contained within parts in which, from their outside form,
the presence of such instruments would not be suspected.

It is probable that the automaton trumpeters of Kaufmann
and of Maelzel were clever deceptions of the same kind.

As described in the Journal de Mode, 1809, Maelzel 's

life-size figure had the musical instrument fi.xed in its

mouth; the mechanism was wound up, and a set series of

marches, army calls, and other compositions was performed,
accompaniments being played by a real band. Mechanical
counterparts of the human lips, tongue, and breath, both
in speech and in playing certain musical instruments, have,
Iiowever, been constructed,—as in Vaucanson's celebrated

automaton flute-player, which was completed in 1736; the
same mechanician's tambourine and flageolet player, which
was still more ingenious, as, the flageolet having only
three holes, some of the notes were produced by half-stop-

ping ; Abb^ Mical's heads which articulated syllables, and
his automata playing upon instruments ; Kempelen's and
Kratzenstein's speaking-machines, in the latter part of last

century ; the speaking-machine made by Fabermann of

Vienna, closely imitating the human voice, with a fairly

good pronunciation of various words; the automaton
clarionet-player constructed by Van Oeckelen, a Dutchman,
and exhibited in New York in ISGO, which played airs

from a barrel like that of a crank-organ, and could take

the clarionet from its mouth and replace it ; and, lastly,

JIaskelyne's two automata, "Fanfare" (1678) playing &
cornet, and "Labial" (1879) playing a euphonium, both
operated by mechanism inside the figures and supplied

with wind from a bellows placed separately upon the stage.

Luciau tells of the magician Alexander in the 2d cen-

tury that hfi received written questions enclosed in sealed

envelopes, and a few days afterwards delivered written

responses in the same envelopes, with the seals apparently

unbroken ; and both ho and Hippolytus explain several

methods by which this could be eliected. In this deception

we have the germ of "spirit-reading" and "spirit-writing,"

which, introduced in 1840 by Anderson, "The Wizard of

the North," became common in the repertoire of modern
conjurors,—embracing a variety of efi'ects from an instan-

taneous substitution which allows the performer or his

confederate to sec what has been secretly written by the

audience. The so-called " second-sight " trick depends

upon a system of signalling between the exhibitor, who
moves among the audience collecting questions to bo

answered and articles to be described, and the performer,*

who is blindfolded on the stage. As already stated, the

speaking figure which Stock showed to Professor Beckmann,
at Gottingen, about 1770, was instructed by a code of

signals. In 1783 Pinetti had an automaton figure about

18 inches in height, named the Grand Sultan or Wise

Little Turk, which answered questions as to chosen cards

and many other things by striking upon a bell, intelligence

being communicated to a confederate by an ingenious

ordering of the words, syllables, or vowels in the questions

put. The teaching of Mesmer and feats of alleged clair-

voyance suggested to Pinetti a more remarkable perfoiraance

iu 1785, when Signora Pinetti, sitting blindfold in a front

bo.Y of a theatre, replied to questions and displayed her

knowledge of articles in the possession of the audience.

Half a century later this was developed with greater

elaboration, and the system of telegraphing cloaked by

intermixing signals on -other methods, first by Robert-

Houdin in 18i6, then by Hermann in 1848, and by

Anderson at a later period. Details of the system of

indicating a very large number of answers by slight and

unperceived variations in the form of question are given

by F. A. Gandon, La Seconde Vne Devoilee, Paris, 1849.

Fire tricks, such as walking on burning coals, breathing

flame and smoke from a gall-nut filled with an inflammable

composition and wrapped in tow, or dipping the hands in

boiling pitch, were known in early times, and are explained

by Hippolytus (iv. 33). At the close of the 17tli century

Richardson astonished the English public by chewing

ignited coals, pouring melted lead (really quicksilver) upon

his tongue, and swallowing melted glass. Strutt, in Sports

and Pastimes of the People of England, relates how he saw

Powel the fire-eater, in 17C2, broil a piece of beefsteak laid

upon his tongue,—a piece of lighted charcoal being placed

under his tongue which • a spectator blew upon with a

bellows till the meat was sufiiciently done. This man also

drank a melted mixture of pitch, brimstone, and lead out

of an iron spoon, the stuff' blazing furiously. These per-

formers anointed their mouths and tongues with a pro-

tective composition.

Galen speaks of a person in the 2d century who relighted

a blown-out candle by holding it against a wall or a stone

which had been rubbed with sulphur and naphtha ; and

the instantaneous lighting of candles became a famous feat

of later times. Baptista Porta gave directions for perform-

ing a trick entitled "many candles shall be lighted pre-

sently." Thread is boiled in oil with brimstone and

orpiment, and when dry bound to the wicks of candles
;

and, one being lighted, the flame runs to them all. He
says that on festival days they are wont to do this among

the Turks. " Some csU it Hermes his ointment." In 1783
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Piuetti showed two figures sketched upon a wall, one of

which put out a candle, and the other relighted the liot

wick, when the caudle was held to their mouths. By
wafers liB had applied a few grains of. gunpowder to the

mouth of the first, and a bit of phosphorus to that of the

other. A striking trick of this conjuror was to extinguish

two wax candles and simultaneously light two others at a

distance of 3 feet, by firing a pistol. The candles were

placed in a row, and the pistol fired from the end where

the lighted candles were placed ; the sudden hirst of hot

gas from the pistol blew out the flames and lighted the

more distant candles, because in the wick of each was placed

a millet-grain of phosphorus. A more recent conjuror

showed a pretty illusion by appearing to carry a

flame invisibly between his hands- from a lighted to an

unlighted candle. What he did was to hold a piece of

wire for a second or two in the flnme of the first candle,

and then touch with the heated wire a bit of phosphorus

which had been inserted in the turpentine-wetted wick of

the other. But in 1842 Louis Dobler, a German con-

juror of much originality, surprised his audience by light-

ing two hundred candles instantaneously upon the firing of

a pistol This was the earliest application of electricity to

stage illusions. The candles were so arranged that each

wick, black from previous burning, stood a few inches in

front of a fine nozzle gas-burner projecting horizontally

from a pipe of hydrogen gas, and the two hundred jets

of gas passed through the same number of gaps in a con-

ducting-wire. An electric current leaping in a spark

through each jet of gas ignited all simultaneously, and

the gas flames fired the candle wickg.

Robert-Houdin, who opened his " Temple of 'Magic

"

at Paris in 1845, originated the application of electro-

magnetism for secretly working or controlling mechanical

apparatus in stage illusions. Ho first exhibited in 1845

his light and heavy chest, which, when placed upon the

broad plank or " rake " among the spectators, and exactly

over a powerful electromagnet hidden under the cloth

covering of the plank, was held fast at pleasure. In

order to divert suspicion Houdin showed a second experi-

ment with the same box, suspending it by a rope which

passed over a single small pulley attached to the ceiling
;

but any person in the audience who took hold of the rope

to feel the sudden increase in the weight of the box was

unaware that the rope, while appearing to pass sirnply over

the pulley, really passed upward over a winding-barrel

worked as required by an assistant. Remarkable ingenuity

was displayed in concealing a small electromagnet in the

handle of his glass bell, aa well as in his drnm, the electric

current passing through wires hidden within the cord by
which these articles were suspended. In one of Houdin's

illusions—throwing eight half-crowns into a crystal cash-

box previously set swinging—electricity was employed in

a different manner. Top, bottom, sides, and ends of an
oblong casket were of transparent glass, held together at all

the edges by a light metal frame. The coins were con-

cealed under an opaque design on the lid, and supported

by a false lid of glass, which was tied by cotton thread to

a piece of platinum wire. Upon connecting the electric

circuit, the platinum, becoming red-hot, severed the thread,

letting fall the glass flap, and dropping the coins into the

box.

Down to the latter part of last century no means of

Bocrotly communicating ad libitum motions to opparently

isolated pieces of mechanism had superseded the clumsy

device of packing a confederate into a box on legs

draped to look like an unsophisticated table. Pinetti

placed throe horizontal levers close beside each other in

the top of a thin table, covered by a cloth, these

lovers being actuatod by wires passiug through the legs
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and feet of the table .and to the confederate behind n

scene or partition. In the pedestal of each piece of

apparatus which was to be operated upon when set looselj

upon the table were three corresponding levers hidden by
clo*h ; and, after being eximined by the audience, the

piece of mechanism was pi iced uixin a table in such a
position that the two sots of levers exactly coincided, one
being superimposed upon the other. In one "efi'ect"

the confederate worked a small bellows in the base of a

lamp, to blow out the flame ; in another ho let go n

trigger, causing an arrow to fly by a spring frum the bow
of a doll sportsman ; he actuated a double-bellows inside a

bottle, which caused flowers and fruit to protrude from
among the foliage of an artificial shrub, by distending with

air a number of small bladders shaped and painted to

represent them ; he opened or shut valves which allowed

balls to issue out of various doors in a model house as

directed by the audience ; and he moved the tiny bellows

in the body of a toy bird by which it blew out a candle.

Other conjurors added more complicated pieces of appa-

ratus, —one being a clock with small hand movinj» tipon .-x

glass disk as required by the audience. The glass disk

carrying the numbers or letters was in reality two, the

back one being isolated by ratchet teeth on its periiihory

hidden by the ring frame which supported it, and, though
the pillar-pedestal was separated into three pieces and
shown to the spectators, movable rods, worked by the

table levers, were in each section duly covered by cloth

faces. Another mechanical trick, popular with Torrini,

lloudiu, Philippe, and Robin, and worked in a similar way,

was a little harlequin figure which rose out of a box set

upon the table, put his legs over the front of the box and

sat on the edge, nodded his head, smoked a pipe, blew

out a candle, and whistled a one-note obbligato to an

orchestra. Robert-Houdin employed, instead of the tabic

levers, vertical rods each arranged to rise and fall in a

tube, according as it was drawn down by a spiral spring

or pulled up by whip-cord which passed over a pulley at

the top of the tube and so down the table log to the hiding-

place, of the confederate. In his centre table he had ton

of these " pistons," and the ten cords passing under the

floor of the stage terminated at a keyboard. Various

ingenious automata were actuated by this means of trans-

mitting motion ; but the most elaborate piece of mechanical

apparatus constructed by Houdin was his orange tiee. Tho

oranges, with one exception, were real, stuck upon small

spikes, and concealed by hemispherical screens which were

covered with foliage ; and the screens, when released by

the upward pressure of a piston, made half a turn, and

disclosed the fruit. The flowers were hidden behind

foliage until raised, above the leaves by tho action of

another piston. Near the top of the tree an artificial

orange opened into four portions ; while two butterflies

attached to two light arms of brass rose up behind the tree,

appeared on each side by the spreading of the arms, and

drew out of the opened orange a handkerchief which had

been borrowed and vanished away.

It is remarkable how many of tho illusions regarded as

the original inventions of eminent conjurors have been

reajly improvements of older tricks. Hocus Poais Junior,

The Anatomy of Legerdemain (4th edition, 1654), gives an

explanatory cut of a method of drawing difl"erent liquors

out of a single tap in a barrel, tho barrel being divided

into compartments, each having an air-hole at tho top, by

means of which the liquid in any of the compartments wa»

withheld or permitted to flow. Robert-IIoudin applied the

principle to a wine-bottlo held in his hand from which he

could pour four difi'erent liquids regidated by the un-

stopping of any of the four tiny air-holes which were

covered by his fingers. A large numbnr of verj small
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liqueur glasses being prcvided on trays, and containing

drops of certain flavouring essences, enabled him to supply

imitations of various wines and liquors, according to the

glasses into which he poured s)'rup from the bottle ; while

by a skilful substitution of a full bottle for an emptied one,

or by secretly refilling in the act of wiping the bottle with

a cloth, ha produced the impression that tlie bottle was

"inexhaustible." In 1835 was first exhibited in England

a trick which a Brahman had been seen to perform at

Madras several years before. Ching Lau Lauro sat cross-

•legged upon nothing,—one of his hands only just touching

some beads hung upon a genuine hollow bamboo which

was set upright in a hole on the top of a wooden stool.

The placing of the performer in position was done behind a

screen ; and the explanation of the mysterious suspension

is that he passed through the bamboo a strong iron bar,

to which he connected a snpport which, concealed by
the beads, his hand, and his dress, ujiheld his body. In

1849 Robert-Houdin reproduced the idea under the title of

ethereal suspension,—professedly rendering his son's body
devoid of weight by administering vapour of ether to his

nose, and theu, in sight of the audience, laying him in a

horizontal position in the air with one elbow resting ujion

a staff resembling a long walking-stick. The support was
a jointed iron frame under the boy's dress, with cushions

and belts passing round and Under the body. Subsequently

the trick was improved upon by Sylvester—the suspended
person being shown in several changes of position, while

the sole supporting upright was finally removed. For
the latter deception the steel upright was made with

polished angular faces, apex toward the spectators, and
acted in a dim light on the same principle as the mirrors

of a Sphinx table. Before lowering the light, the reflector

bar is covered by the wood staff set up before it.

The mysterious vanishing or appearing of a person

under a large extinguisher upon the top of a table, and
without the use of mirrors, was first performed by Comus,
a French conjuror very .expert in the cups-and-balls

sleight-of-hand, who, appearing iu London ia 1789, an-

nounced that he would convey his wife under a cup in

the same manner as he would balls. The feat was accom-

plished by means of a trap iu a bos table. Early iu the

present century Chalons, a Swiss conjuror, transformed a

bird into a young lady, on the same principle. In 1836
Sutton varied the feat by causing the vanished body to re-

appear under the crust of a great pie. Houdin " vanished "

(t person standing upon a table top which was shown to bo

only a few inches thick ; but there was a false top which

was let down like the side of a bellow.«<, this distension

being hidden by a table-cloth hanging eufiiciently low

for the purpose, and the person, when covered by the

extinguisher, entered the table though a trap-door opening

upwards. Robin, in 1851, added to the wonder of the trick

by vanishing two parsons in succession, without any pos-

sibility of either escaping from the table,—the two persons

really packing themselves into a space which, without clever

arrangement and practice, could not hold more than one. The
Bword-and-basket trick was common in India many years

ago. In one form it consisted in inverting an empty
basket over a child upon the ground ; after the child had
secreted himself between the basket-bottom and a belt

concealed by a curtain painted to look like the actual

wicker bottom, a sword was thrust through both sides of

the basket, the cliild screaming, and squeezing upon the

Bword and upon the ground a blood-coloured liquid from a
sponge. When the performer upset the basket, the child

could not be seen ; but another child similarly costumed
suddenly appeared among the spectators, having been up
to that time supported by a pair of stirrups under the

cloak of a confederate among the bystanders. In another

form an oblong basket is used lurge at the bottom and
tapering to the top, with the lid occupying only the
central portion of the top, aud the child is so disposed

round the basket that the swcrd plunged downward avoids

him, and the performer can step inside and stamp upt»!i

the bottom to prove that the basket is empty.. In
18G5 Stodare introduced the trick into England, but

in a new manner. Uixiu light tressels he placed a large

oblong basket ; and after a lady attired in a profuse

muslin dress had composed herself and her abundance of

skirt within, after the lid had been shut and the sword
plunged through the sides, the basket was tilted toward*
the audience to show tliat it was empty, and the lady

reappeared in a gallery of the hall. The basket was formed
with an outer shell to turn down, leaving the lady with

her dress packed together lying upon the basket bottom
and behind what had formed a false front side,—tha
principle being the sameasin the clown's box, which, when
containing a man, is rolled over to display the iusida

empty. The reappearing lady was a double, or twic
sister.

Among tne most meritorious and celebrated mochauical
illusion? have been automaton figures secretly influenced

in their movements by concealed operators. In the 17th.

century M. Raisin, organist of Troyes, took to the French
court a harpsichord which played airs as directed by the
audience ; but, upon opening the instrument, Louis XIV.
discovered a yenthful performer inside. < In 1769 Baroa
Kempeleu, of Pressburg, in Hungary, completed his chess-

player, which for a long time remained the puzzle of
Europe. It was an illusion,—the merit consisting in the
devices by which the confederate player was hidden iu
the cabinet and body of the figure, while the interior was
opened in successive instalments to the scrutiny of tlia

spectators. The first player was a Polish patriot, Worousky,
who had lost both legs in a campaign ; as he was furnished

with artificial limbs when in public, his appearance,

together with the fact that no dwarf or child travelled ia
Kempelcn's company, dispelled the suspicion that any
person could be employed inside the machine. This
automaton, which made more than one tour to the capitals

and courts of Europe, and was owned for a.short time by
Napoleon L, was exhibited by Maelzel after the death of

Kempelen in 1819, and ultimately perished in a fire at

Philadelphia in 1854. A revival of the trick appeared in

Hooper's " Ajeeb," shown a few years ago at the Sydenham
Crystal Palace and elsewhere. Still more recently a chess-

playing figure, " Mephisto," designed by Gumpel, has been
on view. No space exists for the accommodation of a living

player within ; but, as there is no attempt at isolating the

apparatus from mechanical communication through the

carpet or the floor, there is nothing to preclude the

moving arm and gripping finger and thumb of the figure

from being worked by any convenient connexion of threads,

wires, rods, and levers. In 1875 Maskelyne and Cooke
produced at the Egyptian Hall, in London, an automaton
whist-pliiyer, " Psycho," which, from the manner in which
it is placed upon the stage, appears to be perfectly isolated

from any mechanical communication from without ; there

is no room within for the concealment of a living player

by aid of any optical or other iUusioa, and yet the free

motions of both arms, especially of the right arm and
hand in finding any card, taking hold of it, and raising it

or lowering it to any position and at any speed as demanded
by the audience, prove that the actions are directed from
without. The arm has all the complicated raovementa
necessary for chess or draught playing ; and Psycho calcu-

lates any sum up to a total of 99,000,000. What the

mysterious means of connexion are has not been dis-

covered; or, at any rate, down to the time of writing
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this Brticlo there has ap[icarcd no correct imitation of

this joint invention ot John Nevil JIaskclyne and
John Algernon Clarke. Perhaps a still more original

automaton is Maskelyne's figure " Zoe," constructed in

1877, which writes and draws at dictation of the audience,

yet cannot have a living person within, and could not be

more completely severed from all conceivable means of

control without. "Zoe," a nearly life-size but very light

doll, sits loose upon a cushioned skeleton-stand, of which
the solid feet of the pliuth rest upon a thick plate of clear

glass laid upon the floor-cloth or carpet of the stage.

"Psycho," a smaller Oriental figure, sitting cross-legged on a

box, is supported by a single large cylinder of clear glass,

which, as originally exhibited, stood upon the carpet of

the stage, but was afterwards set loose upon a small stool,

having solid wood feet ; moreover, this automaton may be

placed in almost any number of different ways. Thus,

from the precautions observed in the isolation of

Maskelyne's automata, no current of electricity, no
magnetic attraction, no Iiydraulic or pneumatic force can
reach them, or, if it could, would not account for the many
and delicate movements which they execute ; and there

can be no wires, threads, or hairs, passing in any direction

away from the figures, seeing that persons from the

audience admitted close around the figures while they are

in operation could not fail to observe them. It may be

mentioned that, in the same year in which "Psycho"
appealed, the joint inventors patented a method of con-

trolling the speed of clock-work mechanism by compressed

air or gas stored in the pedestal of an automaton, this

compiessed f3aid acting upon a piston in a cylinder and
also upon a rotating fan when a valve is opened by
" an electrical or other connexion worked by the foot of

the performer or an assistant." But it is not known
whether the principle obscurely described in the speci-

fication w.as applicable in any way to the invisible

agency employed in " Psycho" or in "Zoe," or whether it

Lad reference to some other invention which has never

been realized. The whist-playing automaton is afiirmed

to bo the only one of Maskelyne's many subtle inventions

in which he received suggestions from another person.

That a mysterious and apparently elaborate mechanical
movement may, after all, possess the utmost simplicity is

illustrated by the familiar conjuring trick known as

"rising cards." Four cards having been chosen by tho

audience and returned to the pack, this is placed end
upwards in a glass goblet, or in a thin case not deep enough
to hide the pack, upon the top of a decanter or upon a
stick. At command, the cards rise, one at a time, out of

the pack ; one rises part of the way and sinks back again
;

one rises quickly or slowly as directed ; one comes out feet

first, and, on being put back, rLsea head upwards like the

others
; and one dances in time to music, and finally jumps

out of the pack. At tho conclusion there remain only the

goblet or tho case and the cards, subject to the minutest
examination of any one from the audience, without a
trace of moving mechanism visible. This was one of the

chiefjatx of Cumtn, the French conjuror and ventriloquist,

at the end of last century, and in varied forms has been
popular to the present day. Probably it was suggested by
the earlier device of the golden head dancing in a glass

tumbler, which is described in I'/ie Conjuror Unmasked,
1790.- Several crown pieces were put in the glass, a
small gilded head above them, and a plate or other flat

cover laid upon the mouth of the glass
;
yet the head thus

isolated jumped inside the glass so as to count numbers and
answer questions. The secret communicator of motion was
a fine silk thread attached to the head and passing through
a tiny notch cut in the lip of the glass, and so to a con-

federate who pulls it. In the case of tho rising cards the

whole of tho movements are effected by arranging a single

silk thread in the previously prepared pack, passing over

some cards and under others, and led behind the decanter

or other support to the stage and thence to the confederate.

As this infinitely simple mechanical agent is drawn alto-

gether out of the pack after the last card has risen, liter-

ally no trace remains of any means of communicating
motion to the cards.

Oriental ingenuity, which furnished the original idea of

the ethereal suspension trick, contributed the Chinese rings

introduced into England in 183-1 ; also the Chinese feat of

producing a bowl of water with gold-fish out of a shawl,

first seen in England in 1845, and the Indian rope-tying

and sack feats upon which the American brothers Davenport
founded a distinct order of performances in 1859. Their

quick escape from rope bonds in which they were tied by
representatives of the audience, the instantaneous removal

of their coats in a dark si^ance, leaving themselves still bound,

and their various other so-called "phenomena "were exposed

and imitated by !Maskelyne, who, in 1860, greatly surpassed

any feats which they had accomplished. He proceeded

to exhibit himself floating iu the air, to show " material-

ized spirit forms," and to present a succession of wonders

pf the spirit mediums in novel performances down to the

present time. One of Maskelyne's cleverest inventions was
the box which he constructed in 1860; it closely fitted

when he packed himself in a cramped position within ; it

was enclosed in a canvass wrapper, corded with any length

fuid complicated meshing of rope, and the knot sealed, yet

his escape was efi'ected in the brief space of seven seconds.

Taking more time, he performed the converse of these opera-

tions except the sealing. Provided with the wrapper and

the open box, himself standing outside, he drew a curtain

before him to conceal the modus operandi, ond in a few

minutes was found in the box, which, thouglj so small as

to permit no limb to be moved more than a few inches,

he nevertheless wrapped and corded as exactly as if ho

had operated from the outside. Partially imitated with

trick boxes of larger size, this feat has never been executed

under the same conditions by any other conjuror ; and the

process of escape and repacking has never been fully eluci-

dated. (J. A. CL.)

MAGIC LANTERN is tho name given to an optical

Instrumerit for projecting on a white wall or screen largely

magnified, representations of transparent pictures painted

or photographed on glass.

Tho invention of the magic lantern is usually attributed

to Athanasius Kircher, who died in 1680, although, ac-

cording to some, it was known four centuries earlier to

Koger Bacon (see p. 207). For long after its discovery

the magic lantern was used chiefly to exhibit comic pictures,

or in the hands of so-called wizards to summon up ghosts

and perform other tricks astonishing to those who were

ignorant of the simple optical principles employed. Within

tho last twenty or thirty years, however, and mainly on

account of the invention of photography, the magic lantern

has been greatly improved in construction, ond its use

widely extended. By its means finely executed photographs

on glass can be showu greatly magnified to large audiences.

The scientific lecturer is thus saved the trouble and exi^ense

of preparing largo diagrams, besides having his subject

better illustrated. When suitably constructed, tho magic

lantern can be used in the form of a microscope to exhibit

on a screen the forms and movements of minute living

organisms, or to show to an audience delicate physical and

chemical experiments which could otherwise bo seen only

by a few at a time.

The magic lantern in its simplest form is represented in

fig. 1. A is a dark box surmounted by a suitable chimney

for carrying off the products of combustion from the aonrce
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of liglit L, which is placed in the focus of a spherical

reflector. Ou tlie side opposite the reflector the box is

pierced by a round hole,- into which is fitted the metal tube

D, which may either be cylindrical or slightly tapered.

To the inner end of tiie tube D is fitted a lens or combini-

tion of lenses C called the " condenser." Immediately in

front of the condenser, and at right angles to the axis of the

tube, is a vertical slit S for receiving

the transparent pictures usually called

" slides." To the outer end of D is

fitted a lens or combination of lenses

O called the " objective" or " project-

ing lens." At a suitable distance from /-> '

O is placed the screen for receiving the Vv

magnified picture —the screen and slit i

Ijcing in the conjugate foci of the

lens O. Since the objective reverses,

the picture must be inserted in the slit

upside down. The objective can be moved backwards and
forwards in the tube D by means of a rack and pinion.

Since the screen and slide are in the conjugate foci of O
the diameter of the picture on the screen has the same ratio

to the screen's distance from that the diameter of the

picture on the slide has to the slide's distance from O.
The ratio a^lopted is generally 1 to 3. or 4.

Source oj Lir/hl.—Almost any good source of light can
1)0 used in the magic lantern. In the earlier forms a
simple oil light was used; and in the toy

forms, either an oil light or simple gas-

flame is still employed. Better effects

are obtained from the Argand fountain

lamp (fig. 2) or from the common Argand
gas burner with a glass chimney. In
the sciopticon (fig. 3)—a handy and ex-

cellent form recently introduced—a speci-

ally constructed paraffin lamp is employed
with three parallel flat wicks set edgeways
to the condenser. With this lamp a clear,

well-defined picture varying from 6 to 10
feet in diameter can be readily thrown Fia. 2.—.^.rgniid

on the screen. For the best effects, Fountain Lajnp.

however, recourse must be had to the oxy-calcium light

(fig. i), in which a small cylinder of lime is heated to

intense luminosity in the flame of a spirit lamp through
which a jet of oxygea plays; the OsY-HyDRooEN Light

Fio. 3.—Sciopticon.

(q.v.) ; the magnesium light, in which two narrow ribands
of magnesium are put through slits bya clock-work arrange-
ment and burn astheyadvauce; or, best of all,—unless .when
sunlight can be used with t'-e aid of a heliostat (see Helio-
OEAPnv),—the electric liglit.

Condemer and Ohjeciive.—The object of the condaoser
(fig. 5, C) is to collect as much light as possible from the
source, and pass it

through the trans-

parent picture in

the slit. For this

purpose the con-

denser should sub-

tend as large, an
angle as possible

at the source of

light. To secure

this, the condenser

should be tolerably
^"'- ^—Cxy-cdcium L.in,p.

largo, and its distance from the light, that is, its focal

length, small. Since efi'ective single lenses of largs

diameter are neces-

sarily of long focus,

a really good con-

denser of consider-

able diameter and
yet of short focus

must be a com-
bination of two or

more lenses.

Lct/i and/„ be the
focal lengths of two
lenses, and/ the focal q q
leiiS'h of tlieii' com- _ , _ , , -, . ,.

biuation. Then, ne-
Fig. D.-Coadeaser and Objective.

glecting the thickness of the lenses, we have when the two are closo

toegther

1=1 + i.
/ /i /»

From nhieh we get/" /'' '
, a fraction which is always less than

/i +/s
eitht-r /, or/j provided these are not zero. Suppose, for ex.iniplc,

two lenses of C and 10 inches focal length respectively ; the focal

length of their combination will be ~—w-„-=3| inches.
** D + lu

In the earlier lanterns, as still in the cheaper forms, only a single

plano-convex lens or buU's-eye was employed as a condenser. Better

effects are produced by two such lenses. Perhaps the best con-

denser for ordinary work is that proposed by Herschel and repre-

sented in fig. 5, 0, consisting of a biconvex leus and a meniscus
mounted together with the concave side of the meuiscus next the

light The diameter of such a condenser is about 6 inches, and its

focal length a little over 3 inches. The focus must not be so

short a-s to bring tho lens too near thu light, and render it liable to

cratk from tlie intense heat. In some lanterns this is guarded
against by placing a plate of thin glass between the condenser ant)

the light In the sciopticon (fig. 3) the condenser consists of twt
plane-convex lenses, each about 4 inches in diameter. Coodeosers
of large diameter are not so essential now as formerly, seeing that
small pictures can easily be produced by photography.

The function of the objective (fig. 5, 0) is to produce a
magnified inverted image of the picture on the screen. In

toy lanterns it is a simple double-convex lens of short

focus. This, however, can only produce a small picture,

and that not very distinct at the edges. The best objective

is the portrait combination lens used in ordinary photo-

graphic cameras. These are carefully corrected both for

spherical and chromatic aberration, which is absolutely

essential in the objective, although not so necessary in the

condenser. It is essential, however, that the condenser

be free from cracks or flaws, as these would appear and mar
the picture.

Slides.—These are pictures, painted with transparent

water or oil colours, or photographed on pieces of glass.

The pieces of glass are usually fixed in small wooden frames

for insertion in the slit. If parts of the picture are to be

movable, two disks of glass are employed, the one movable
in front of the other, the fixed part of the picture being

painted on the fixed disk and the movable part on the

other. By means of a lever the latter disk is moved in it*
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OWE plane ; and in this way a cow for instance can be

represented driiiting, or a donkey ratting amusing capers.

A lever slide is represented in fig. I. In tha chromatrope

Fio. 6.—Lever Slide.

elide (fig. 7) two circular disks of glass are placed face to

face, each containing a design radiating from the centre, and

painted with brilliant transparent colours. By a small

pinion gearing in toothed wheels or endless bands the disks

are made tn move in opposite directions in their own plane.

Fig. 7.—Chromatrope.

The effect produced is a singularly beautiful change of

design and colour. In astronomical slides the motions of

the heavenly bodies, eclipses, the phases of the moon, or

the like are similarly represented by mechanical means.

Slides can also be made from narrow glass tanks with

parallel sides. When these are filled with water contain-

ing delicate living organisms the forms and movements of

the latter are beautifully seen. Such tanks can also be

employed to show such phenomena as the gradual growth

of crystals, the electrolysis of water between platinum

electrodes, && A great variety of physical and chemical

experiments can be shown in this way.

Dissolving Vieics.—For this purpose two magic lanterns aro

necessary, arranged either side by side or tlio ono on the top of the

other. Q'he fronts of tho lanterns aro slightly inclined to each

other so as to make the illuminated disks on the screen dae to each

lantern coincide. By means of a pair of thin metallic shutters

terminating in comb-liko teeth, and movable by a rack or lever, the

light from either lantern can be gradually cut olfat tho same time

that tho light from tho other is adowed gradually to fall on the

screen. In this way one view appears to melt or dissolve into

another. This arrangement was first adopted by Childe in 1811.

Phanlasmagoria.—In this arrangement tho pictures on the screen

nppear gradually to increase or diminish in size and brightness. To
ciTect this a semi-transparent screen of cotton or other material is

used, the lantern being behind and tho audience in front. Tho
lantern is monnted on wheels so that it can be rapidly moved up
to or withdrawn from tho screen ; and an automatic arrangement
is provided whereby simultaneously with this tho objective is made
to approach or recede from tho slide so as to focus tho picture on
the screen in any position of the lantern. In this way a very small
picture appears gradually to grow to enormous dimensiions.

Lantern Polaiisca/K.— This, perhaps tlie most beautiful modifica-

tion of tho iiS!>gic Uiit4uii for sdiutitic purposes, consists of on elbon-

shaped tube, containing mirrors, lenses, &c. ,and attached to tho

front of the lantern in place of the tube containing the objective.

it is represented in section in lig. 8. C is the usual condenser

belonging to the lantern. G is a set of thin glass plates inclined at

the polarizing angle 56° 45' to the axis of the tube. Tlie beam

of polarized light from L reflected from G passes through the lensea

FlQ. 8.— Laiilera PoISviscope.

F and the analysing Nicol's prism P, and falls on the screen. Tho
objects to be examined by the polarized liglit are placed in tho
transverse slit 0. When thin plates of selenite or other doubly
refracting crystals are placed in O, a most beautiful display of com-
plementary colours is produced on the screen by rotating the Nicol's

prism. Almost all the experiments on polarized light can be well

shown by this arrangement.
The sciopticon (fig. 3) is an excellent and convenient lantern,

very suitable for all the requirements of the lecturer, as well as for

school use in teaching geography, &c.

See Brewster's Opitcs j Ganofs P/tysks ; and Ctiadwlck's Jfanual of the Magic
Lantern. (J. UL)

MAGIC SQUARE. A magic square is one divided into

any number of equal squares, like a chess-board, in eacli

of which is placed one of a series of consecutive number*

from 1 up to the square of the number of cells in a side,

in such a manner that the sura of those in the salne row

or column and in each of the two diagonals is constant.

From a very early period these squares engaged the

attention of mathematicians, especially such as possessed

a love of the marvellous, or sought to win for themselves

a superstitious regard. They were then supposed to

possess magical properties, and were worn, as in India at

tho present day, engraven in metal or stone, as amulets

or talismans. According to the mystic imaginings of the

old astrologers relations subsisted between these t:quare»

and the planets : a square with only one cell, containing

1, symbolized tho unity of the deity; a square of two,

containing the four elements, was the symbol of matter;

while those of 3, 4, 5, 6, 7, 8 were consecrated respect-

ively to Saturn, Jupiter, Mars, the Sun, Venus, and

Jfercury. In later times such squares ranked only as

mathematical curiosities ; till at last their mode of con-

struction was systematically investigated. These squares,

were at first mere triumphs of the same dogged persever-

ance as was in later times exhibited by the Dutchman,

Ludoliih van Ceulen, who, after calculating v to 35 places

of decimals, directed, like Archimedes, that it should be

engraven on his tomb, though his industry was surpassed

by M. do Lagry, who continued the decimal to 127 places.

The earliest known writer on the, subject was Smanuel
Moscopulus, a Greek, who lived in tho 4th or 6th. century,

and whoso manuscript is preserved in the National Library

at Paris. After him Frenicle constructed magic squares,

such that if one or more of the encircling bands of numbers

bo taken away the remaining central squares nie still

magical. Subsequently M. Poignard constructed squares

with numbers in arithraelical progression, having the

magical summations. Tho later researches of M. de la

Hire, recorded in the jffemoircs de I'Academic Jioyale in

1705. are interesting as givins general methods of con-
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BtructioD. Ho has there collected the results of the

labours of earlier pioneers; but the subject has now beea
fully systematized, and extended to cubes.

In order to understand the rest of this article diagram
A should be carefully examined. A square of 5 has
ailjoiaing it one of the eight equal squares by which any
square may be conceived to be surrounded, each of which
has two sides resting on adjoining ones, while four have sides

resting on the surrounded square, and four meet it only at'

its four angles. 1, 2, 3 are placed along the path of a knight
in chess ; i, along the same path, would fall in a cell of

the outer square, and
is placed instead in

the corresponding cell

of the original square;

6 then falls within the

6qu:ire. a, h, c, d
are placed diagonally

in the square ; , but
e enters the outer
square, and is removed thence to the same cell of

the square it had left o, fi, y, 8, £ pursue another, but
regular, course ; and the diagram shows how that course is

recorded ia the square they have twice left. Whichever
of the eight surrounding squares may be entered, the

corresponding cell of the central square is taken instead.

The 1, 2, 3, . . . . , a, 6, c, , . . . , o, /?, y, . . . . are

said to lie in paths.

Squares whose Roots are Odd.—Diagrams B, C, D
exhibit one of the earliest methods of constructing magic
squares. Here the 3's in B and 2's in C are placed in

B. C. D.

—
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- Oj - 04 = 0,—a solution of whioli is readily obtained by
Inspection, as in diagram P ; this leads to the square, dia-

gram Q. When the root is 8, the upper four subsidiary

rows miiy at once be written, as in diagram R ; then, if the

square be completed, 65 added to each, and the suras

halved, the square is completed. In such squares as

these, the two opposite squares about the same diagonal

(except that of 4) may be turned through any number of

right angles, in the same direction, without altering the

summations.

Nasik Squares.—Squares that have many more summa-
tions than in rows, columns, and diagonals have been
investigated by the Ruv. A. H. Frost (Cambridge Math.
Jour., 1857), and called Nasik squares, from the town in

India wliere he resided ; and he has extended the method
to cubes, various sections of which have the same singular

properties. In order to understand their construction it

will be necessary to consider carefully diagram S, which

shows that, when the root is a prime, and not composite,

number, as 7, eight letters a, h, . . . h may proceed frorri

any, the same, cell, suppose that marked 0, each letter

being rep'^ated in the cells along different paths. These eight

paths are called norntal paths, their number being one more
than the root. Observe here that, excepting the cells from

which any two Vtf*»« start, they do not occupy again the

same cell, and that two letters, starting from any two
different cells along different paths, will appear together in

one and only one cell Hence, if ;)j be placed in the cells of

one of the re -F 1 normal paths, each of the remaining n normal
paths win contaio one, and only one, of these pj'a. If now
we fill each row with p„, p^, . . . p„ in the eame order,

commencing from the p^ in that row, the po's, jy^'s, and p„'a

:7ill lie each in a path similar to that of p^, and each of the

n normal paths will contain one, and only one, of the
letters p^, ji^, . . . Pn, whose

s'i.Ti will be %p. Similarly, if

5j be placed along any of the

normal paths, diflerent from

that of the p's, and each row
filled as above with the letters

S'a Qv • • • Ini ^^^ sum of the

<2's along any normal path dif-

ferent from that of the j, will

be Sj'. The k^ cells of the

square will now be found to

contain all the combinations

of the p'a and 2's; and, if

by n, the p'& made equal to 1,
'>

0, 1, 2

S.

a
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•aitio way,—ami if tbe surroundinf; spice be conceived thus filled

with similar cubes, and a straight line of unlimited length be drawn
through any two cubelet centres, one in each of any two cubes,—tho
numbers along that line will be found to recur in groups of seven,

which (except in the three cases where tho same^), q, or r recur in

the group) together make the Nasical summation of the cube.

Further, if we take n similarly filled Nasik cubes of «, n new letters,

f„ »3, . . . 5,1, can bo so placed, one in each of the n* cubolets of this

^roup of n cubes, that each shall contain a different combination of

the p's, q's, r'a, and s's. This is done by placing s, on each of tho »'

cubelets of the first cube that contain J3„ and on th§ n^ cubelets of

the 2d, 3d, . . . and nth cube that contain p.^, p^, . . p» respect-

ively. This process is repeated with Sj, beginning with the cube

at which we ended, and so on with the other s's ; the n* cubelets,

after multiplying the j's, r's, and «'s by n, n", and n? respectively,

I
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b« corrupted. Tliey all had the power of punishing male-
factors with death. The chief among them was called

archon, and the year took its designation from him,—the
arckon eponymus, who was also constituted a sort of state

protector of those who were unable to defend themselves.

The Franks, Lor.i'ourds, and Sa.xons appear to have been
jealous of judicial authority, and averse to removing what
concerned a man's private right out^ of the hands of his

neighbours and equals; every ten families are supposed to

have had a magistrate of their owa election, the tything

man of England, the decanus of France and Lombardy.
The decanus was the lowest species of judge.

See Blackstonp's Comnitvlarics, 1825 ; Cowel, Laxo Did., 1717 ;

Geldart's HalUJax on the Civil Law, 1836 ; Hallam, Middle Ages.

MAGLIABECHI, A.ntonio (1633-1714), one of the

most remarkable bibliophiles of his time, was born at

Florence, October 28, 1633, and followed the trade of a

goldsmith until 1673, when he received the appointment
<if librarian to the grand-duke of Tuscany, a post for which
he had qualified himself by his vast stores of self-acquired

learning. He died on July 4, 1714, bequeathing his large

private library to the grand-duke, who in turn handed it

over to the city. See Libraries, vol. xiv. pp. 530, 548.

MAGNA CHARTA. See Charter, and England.
vol viii. pp. 306, 308.

MAGNA GR/ECIA. See Grj;cia.

MAGNESIA, in autient geography, was the name of

two cities in Asia Jlinor, both of considerable interest

and importance.

(1) A city of Ionia, situated on a small stream flowing

into the valley of the Msander, whence it was commonly
called Magnesia ad Mseandrum. It was distant 120 stadia or

1 5 Roman miles from Miletus, and rather less from Ephesus.

According to tradition, as well as the similarity of names,
it was founded by a body of colonists from the Thessalian

tribe of the Magnetos, with whom were associated, accord-

ing to Strabo, some Cretan settlers. It was thus not

properly an Ionic city, and for this reason apparently was
not included among the cities of the Ionic league, though
superior in wealth and prosperity to most of them, except

Ephesus and Miletus. It was indeed taken and destroyed

by the Cimmerians in their irruption into Asia Minor
(about 660 B.C.), but was soon after rebuilt, and g-adually

recovered its former prosperity. . It was one of the towns

assigned by Artaxerxes to Themistocles for his support in

his exile, and there the latter ended his days (449 B.C.).

In later times it was chiefly noted for its temple of Artemis

Leucophryne, which, according to Strabo, surpassed that at

Ephesus in the beauty of its architecture, though inferior

to it in size and wealth. The remains of this teraple,'as

well as of the ancient city adjoining it, are still extant, and
have been laid open by recent excavations. They are

described by M. Texier {Asie Mineure, 'vol. in.). Magnesia
continued under the kings of Pergamum to be one of the

most flourishing cities in this part of Asia, but appears to

have gradually declined under the Roman empire, and its

name disappears from history, though its continued exist-

ence is attested by coins as late as the time of Gallienus.

(2) A city of Lydia, about 40 miles north-east of

Smyrna, which stood on the southern bank of the

river Hermus, at the foot of Mount Sipylus, from which

circumstance it was often called for distinction's sake

Magnesia ad Sipylum. It is probable from its name that

it was founded, like the city of the same naine in the

valley of the Maeander, by Mrignesian colonists from

Xhessaly ; but we have no authority for the fact. Nor is

any mention of thp town found in history' till 190 h.c,

when the Syrian king, Antiochus the Great, was defeated

under Its walla by the Roman consul L. Scipio, who
derived from bis succeaa in this camoaign the surname of

Asiaticus. Magnesia became a city of importance under
the Roman dominion, and, though nearly destroyed by an
earthquake in the reign of Tiberius, was restored by that
emperor, and continued to flourish throughout the period
of the Roman empire. It was one of the few towns in this

part of Asia Minor that retained 'ito prosperity under the
Turkish rule ; and Manisa (g.v.) is at the present day a
large and flourishing town with considerable trade.

MAGNESIUM, a metallic element (symbol Mg) forming
a basic oxide " magnesia," MgO, which in some form or
other is universally disseminated throughout the whole of
the earth's crust, apart from the large masses of mineral con-
sisting essentially of magnesia compounds. This accounts
for the presence of at least traces of magnesia in the ashes
of all plants and animals, and for its presence in almost all

natural waters. In these, however, it in general is present
only as a quasi-contamination of the lime ; in certain mineral
waters, on the other hand, known as bitter waters (as those
of Epsom, Sedlitz, Piillna), sulphate of magnesia forms
the principal solid component. All native chloride of

sodium is accompanied by magnesia salts, including the
cases of salt-springs and of ocean-water, the latter contain-

ing about 2 1 per cent, of magnesia as sulphate and
chloride.

Of magnesium minerals we may name the following:

—

A. Silicates.—(1) Olivine, Si02.2MgO, occasionally met
with in transparent crystals ("chrysolite"), but more fre-

quently embedded as an admixture in lava, basalt, and
other rocks; also in meteorites. (2) Augite and (3) horn-

blende, both MgO.SiO,. The latter rnore frequently than
the former forms independent rocks ; both occur abundantly
as components of more ordinary mixed rocks, all basalts

containing augite as a principal component. (4) Ser-

pentine, SiO22H2O.3(Si02.2Mg0)-h2Aq (meaning 2H2O
loosely combined),—a very common mineral ; there are

mountain masses consisting almpst of it alone. In all these

silicates, and more especially in (2) and (3), the MgO it

partly replaced tiy FeO, CaO, MnO, and other isomorphous

oxides, these latter not unfrequently even predominating

over the MgO itself. Their names, in fact, represent genera

of minerals comprising each numerous species. Asbestos

(so remarkable on account of its eiceptional structure,

which lends itself for the production of fire-proof textile

fabrics, paper, pasteboard, &c.) must be mentioned here,

as some varieties fall under hornblende, others under

chrysotil (included in serpentine). More purely magnesian

are—(5) talc, 4SiO2.3MgO.H2O (Rammolsberg), and (6)

meerschaum, 3Si02."2MgO -f 4(?)H20 (same authority).

B. Carbonates.—Of these the most abundant are '•'le

dolomites, all compounds of the carbonate? of lime aud
magnesia, .rCa(l -x)Mg.0.C02, where x may assume

almost any value down to zero, which it actually has in

" magnesite," MgOCOj. Bitter spar, MgOCOo, is very

similar to and isomorphous with Iceland spar, CaOCO^.

C. Soluble Sails, known chiefly as occurring in the

famous salt-deposits of Stassfurth in Germany :—kieserite,

MgOSO.,.H„0 (Epsom salt minus eHjO) ; carnallite,

MgCl2.KCl + 6HoO ; kainite, a hydrated compound of

chlorides and sulphates of magnesium and potassium.

Any of these minerals may be used, aud A (4), B, and

C are actually used for the preparation of magnesium
compounds. Starting from magnesite, we need only sub-

ject it to gentle ignition to obtain the o.xide MgO ; treat-

ment with dilute sulphuric or muriatic acid produces the

sulphate (Epsom Salt, g.v.) or the chloride, as a solution,

contaminated in general,—chiefly wii^b iron, also with

alumina, and perhaps lime. The two former, after peroxida-

tion of the iron by chlorine, may be eliminated by digestion

with powdered magnesite, and filtered off. The acidified

muriate solution, on evaooration and cooling, deposits trans-

3".—:
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parent crystals, MgCU.GHjO, very hygroscopic, very readily

soluble in water, and (like the anhydrous salt) soluble also

in alcohol When dehydrated by heat it loses acid (HCl),

so that the residue is largelycontaminated with oxychlorides,

MgCl.,.i'MgO. Certain of these are industrially important

as cements, used by dentists find otherwise. A concentrated

solution of the chloride, made into a paste with the ignited

(COo-free) oxide, in a few hours hardens into a stone

susceptible of polishing (Sorel). To prepare the anhydrous

chloride, the crystallized -or dissolved hydrated salt is

evaporated with sal-amm(^nia to diyness, and the residue

(a stable double salt) is ignited in platinum. Pure chloride,

MgClo, remains as a clear liquid, solidifying on cooling into

a compact aggregate of flexible crystal leaves of a mother-

of-pearl lustre. From the chloride the metal can be pro-

duced, either by electrolysing the fused substance, or (more

conveniently) by Caron and Deville's method : 600 grammes
of the chloride, 480 grammes of powdered fluor-spar, and

230 grammes of finely cut-up sodium are mixed, and thrown,

small portions at a time, into a red-hot crucible, which is

theu well covered, When the reaction, which is violent,

is over, the contents are well stirred with an iron rod to

cause the small metal-beads to unite into bigger lumps,

which, after cooling, are picked from the broken-up mass.

Sonstadt (who, along with Mellor, was the first to prepare

magnesium industrially) substitutes for plain MgClj the

double chloride of potassium and magnesium, obtainable

synthetically from the hydrated components without the

use of sal-ammoniac, or simply by ignition of pure carnal-

lite. To purify the crude metal Sonstadt and Jfellor distil

it " per dfiscensum " out of an iron crucible provided with

a pipe piercing the bottom and reaching up to almost the

lid ; an atmosphere of coal-gas is established to prevent

oxidation of the metal in this operation, as also in the

subsequent casting of the ingot.

The metal magnesium has the colour of silver, and re-

mains unchanged in dry air ; in ordinary air it tarnishes

a little more readily than zinc does. It is malleable and

ductile, but has little tenacity. The specific gravity is V'lo
;

thus it is considerably lighter than even aluminium, vhose

gpecific gravity is 2 6. It fuses and distils at about the

same temperatures as zinc. It is generally sold in the form

©£ thin ribbon, being used for the easy production of highly

intense light. The ribbpn kindles readily in a candle

Bame, and then continues burning most intensely by itself,

the solid oxide produced radiating out abundant light. A
wire 03 millimetre ( = "012 inch) thick gives out the

light of 74 stearine candles weighing 100 grammes (f lb

avoirdupois) a piece (Bunsen and Roscoe). It used to be

employed for photographing at night, but is now super-

seded by the electric light Magnesium has the excep-

tional property of combining (at a bright red heat) directly

with nitrogen gas into MgjN^ (Briegleb and Geuther), a

greenish-yellow powder, which, when heated in steam,

yields magnesia and ammonia, NHj.
Of magnesium salts the most important is the sulphate,

Epsom Salt (q.v.). This salt serves as a raw material

for the preparation of two or three medicinally important

substances, especially magnesia alba. When epsom salt

solution is precipitated by carbonate of soda, the salt

MgOCO.,, first formed, loses carbon-c acid and takes up
water, forming a precipitate of the approximate composi-

tion 3MgC03.Mg(OH)2 + 2 to 3 times Ufi. When pre-

pared by cold precipitation it forms a very light, when in

the heat a somewhat denser, white powder (magnesia alba

levis and ponderosa). This substance holds an important

position in the history of chemistry, having served, in the

hands of Black, to prove finally the individual existence of

magnesia as something distinct from lime, and helped him

in estaHishine the true relation between "caustic" and

" mild "^
alkalies. Before his time the "causticity," was

supposed to go into the " mild " substance from- the fire

;

Black showed that it is owing to the loss of a ponderable

substance, which he called " fixed air," that is, carbonic

acid. It was in this memorable research that for the first

time in chemistry the balance was used for the precise

determination of quantitative relations.

Magnesia, the oxide MgO, is produced by the gentle

ignition of magnesia alba. It is a white powder, absolutely

infusible and non-volatile, and not reducible by charcoal,

and is used medicinally. The gently ignited oxide com-

bines very slowly with water into the practically insoluble

hydrate MgO.H,0. Magnesia when boiled with sugar-

water dissolves into a solution of saccharate, and in this

form is sometimes administered medicinally in lieu of plain

magnesia. ^Magnesia alba (also the normal carbonate)

dissolves rather largely in carbonic acid water. Accord-

ing to R. Wagner, one part of MgOCOj dissolves in 760
parts of water saturated by carbonic acid under 1 atmo-

sphere pressure. Under 6 atmospheres pressure it requires

only 76 parts of carbonic acid water for its solution.

Dinneford's " fluid magnesia " is a solution of such bicar-

bonate of magnesia. The bicarbonate solution, when
allowed to stand in air, deposits crystals of hydrated nor-

mal carbonate, MgC03-h3 or SH^O.
Magnesia preparations play a great part in therapeutics.

The oxide and basic carbonate (also the dissolved forms of

saccharate and bicarbonate) are used in small doses as

anti-acids, in larger ones as very mild purgatives, for

children more especially. For the latter purpose, however,

the sulphate is generally preferred as acting far more ener-

getically. The nauseous bitter taste of the salt caft be

concealed, to some extent, by acidification of its solution

with, dilute sulphuric acid. Citrate of magnesia, being

exceptionally free of the "Bitfa-erde " taste, was introduced

some thirty years ago by the French as a pleasant substi-

tute for Epsom salt, and it has since come much into

fashion everywhere, although, weight for weight, it is far

less eflicient than the sulphate. The preparation of dry

soluble citrate oflfering difficulties, the French originally

dispensed it exclusively in the dissolved form of " Limon-
ade au citrate de magn&ie," a flavoured, decidedly acid

solution of the salt, rendered effervescent by addition of

some bicarbonate of soda immediately before corking up.

In England it is generally preferred to offer the dry in-

gredients of the " limonade " in the form of " granular

effervescent citrate of magnesia." Magnesia alba is

pounded up with an excess of citric acid crystals and a

few drops of water to produce a paste of amorphous acid

citrate, which is dried at a temperature below .30° C. At
higher temperatures the salt would pass into a crystalline,

insoluble, and consequently therapeutically valueless modi-

fication. The citrate is mixed with bicarbonate of soda,

citric acid, and sugar, made into a " dough " with alcohol,

granulated, and driei The granules, when thrown into

water, dissolve with effervescenca We must not omit to

state here that much of what is sold under the name is a

mere concoction in which Epsom salt figures as "citrate."

To test a solution for magnesia, remove whatever can be

precipitated by means of sulphuretted hydrogen or sul-

phide of ammonium; then eliminate lime, baryta, and
strontia by precipitation with carbonate of ammonia in the

presence of sal ammoniac. The magnesia remains dis-

solved, and can be precipitated (and detected) by addition

of- phosphate of ammonia (or soda) and free ammonia ; the

salt P04MgNH4.6H,0 gradually separates out as a crystal-

line precipitate. This method of course fails when the

magnesia is present from the first as phosphate ; but we
cannot here enter into a consideration of this or any other

exceptionally difficult ca.sa. (w. D.)
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MAGNETISM
THE word magiietisni is derived from the Greek word

/j.a.yvr]';, which Was applied to an ore of iron possessing

a remarkable attractive* power for iron, and supposed to

have been originally found near the town of JIagaesia, in

Lydia.^ Thus Lucretius writes:

—

Qucm Magneta vocant patrio de nomine Graii,

Magnetuni quia fit patriis in fioibus ortus.

This name is said by Plato - to have been given to it by

Euripides, and he adds that most call it the Heraolean

stone. It is needless here to criticize the above or other

derivations that have been given for the word ; we merely

remark that it is now applied to all the phenomena kindred

to that which first drew attention to the magnetic iron ore,

viz., a selective attraction for iron.

In the following article we shall give, in the first place,

a sketch of the leading phenomena of strongly magnetic

bodies. AVe shall then describe a provisional theory suf-

ficient to render a general account of these phenomena,

and shall afterwards proceed to render this theory more pre-

cise, to develop it to its necessary conclusions, and to com-

pare these with experiment, indicating where the theory is

either incorrect or incomplete. Then we shall discuss the

paramagnetic and diamagnetic properties of all bodies, as

expounded by Faraday; an account will be given of the con-

nexion between the magnetic and the other physical proper-

lies of bodies ; and, lastly, we shall endeavour to give some

idea of the different physical theories that have been pro-

posed in order to give something more than a mere short-

hand record of the facts of observation.

Leading Phenomena.

It appears, from what Lucretius says in the passage

above quoted,' that the Greeks and Romans were aware,

not only that the loadstone, or magnetic iron ore, attracted

iron, but also that it endued iron in contact with it with

its own peculiar property. Thus an iron ring will hang
suspended by the attraction of a loadstone, and from that

ring another, and so on, up to a certain number, depending

on the power of the stone and the weight, <fec., of the rings.

They were also aware that the attraction was confined to

iron, or at all events was not indiscriminate, and that it- was
not destroyed by the intervention of other bodies, such as

brass, between the magnet and the iron. It appears, too,

from the passage

—

Fit qiioque ut a lapide hoc ferri natura recedat

Interdum, fugere atque sequi consueta vicissim, &c.^

that they had an idea that, under certain circumstances,

the attraction might be replaced by a repulsion. If, how-
ever, we understand aright the latter part of Lucretius's

somewhat obscure description of what seems to have been

an actual experiment of his own, this notion was in reality

a hasty generalization, not justified by the observed facts.''

In any case there seems no warrant for assuming, as some
have done, that the ancients had any definite conception of

magnetic polarity.

What they wanted in definite experimental knowledge
they supplied by an abundant use of the imagination.

' Gilbert, De ifaynete, lib. i. chap, ii., says, "Magnesia'ad Mse-
•ndnim" ; tut it is uncertain whether this or Magnesia ad Sipylum is

meant.
• Ev Tp \l0(jj %i/ ZvpnriSris fiiv Mayvririv iiv6naiT(Vy ot 5i iroAAol

'HpiKKtmv (Ion, 533 D\ See Munro's Lucretius, vol. i„ p. 662.
The other name is from Heraclea in Lydia.

' Bk. vi. line 906 sj., and yoiP. sq.; comp. Plato, lor., ut supra,
whom there is reason to thiBil: ho is quoting.

* See below, p. 225.

AVe are told, for instance, that the magnet attracts wood
and flesh, which was certainly beyond their powers of

observation ; that it is effective in the cure of disease

;

that it afiects the brain, causing melancholy ; that it acts

as a love philtre ; that it may be used in testing the

chastity of a woman ; that it loses its power when rubbed
with garlic, but recovers it when treated with goat's blood

;

that it will not attract iron in the presence of a diamond,
and much else that was eagerly copied by the \vonder-loving

writers of the Middle Ages.

The science of magnetism made no real progress till the

invention of the mariner's compass. The early history of

this instrument is very obscure. According to some autho

rities it was invented in China, and found its way into

Europe probably through Arabian sources. The light

thrown by recent researches on the literature of the Chinese

has apparently thrown doubt upon their claim to this

invention, = although the knowledge of the loadstone and
its attractive property may have been older among them
than even among the Greeks. The first accounts of the

compass in Europe go back to the 12th century, and,

although the instrument described is very rough, it is

not spoken of as a new invention. In its earliest form

it seems to have consisted simply of an iron needle which

was touched with the loadstone and placed upon a pivot,

or floated on water, so that it could turn more or less

freely. It was found that such a needle came to rest in a

position pointing approximately north and south (some

accounts say east and west, in which case there must have

been a cross piece on the needle to indicate what was pro-

bably the important direction for the mariner). As these

compasses were made of iron (steel was not used till much
later), and were probably ill-pivoted, they must have been

very inaccurate ; and the difficulty of using them must
have been much increased by the want of a card, which

was a later addition made apparently by the Dutch.

It is unnecessary to enter into more detail here respect-

ing the early history of the coni[)ass, as the matter has

been very fully treated in the article* Compass.* We pro-

ceed therefore to show the bearing of the invention upon'

the science of magnetism. It will at once be seen that it

involves two scipntific discoveries of capital importance :

—

first, that the loadstone can transmit to iron with which it

comes in contact a permanent property like its own ; and,

secondly, that a loadstone or magnet if suspended freely

will turn so that a certain direction in it assumes a fixed

position relative to the geographical meridian, a ce;'tain

part of the magnet turning always towards the north, and

the part opposite towards the south. These opposite parts

of the magnet are called its " poles."

To fix our ideas we shall describe a process by whict

we might definitely determine this direction in the magnet.

Following the example of Gilbert, let . us consider a

spherical magnet. Our reason for dealing with this form

in the first instance is to make it perfectly clear that the

phenomena depend essentially on something apart from

the form of the body. We shall suppose that the magnet

is homogeneous as to its mass, so that its centre of gravity

» See MoIIendorff, Z. D. it. O., ixxv. 76.'

• It may be mentioned that tlie statement that P«ter Adsigcr, in

a letter written to 1296,, mentions the magnetic declination, appears

to be a mistake, arising from the mistranscription of a title. Se*

Wenckebach, quoted by Lament, Ilandhuch dcs Magnclismus, p. 449.

The passage- from Are Frode, quoted by Hanstecn, and alluded to vOt

last edition of this encyclopsedia, appears also to be of doubtfal

antiquity. See Poggendorff, Gcschichte dcr Fhj/sik, p. 99.
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coincides with its centre of bgure. Suspend this spherical

magnet by a tine thread of untwisted silk, attached to any

point of its surface, say P. After the magnet has come to

rest, mark the vertical plane through the centre which falls

in the geographical meridian ; this may be done by trac-

ing a great circle on the surface of the magnet. Next

find the point P' in which the vertical through P cuts

the surface again, and suspend the magnet by P', again

marking the plane which falls in the meridian. Now,

find the plane which bisects the acute angle between the

two former planes, mark it by a great circle, and call it

the axial plane of P. If we thus find the axial planes of

any number of points, we shall find that they all intersect

in one common iine passing through the centre of the

sphere. We may call this line the " axis " of the magnet.

•Let us mark the points where it cuts the surface ; we may

'call these the "poles" of the magnet. We shall then observe

that, however we suspend it, the magnet will ahvays come

I'to rest BO that the vertical plane through the axis makes a

definite angle with the meridian. This angle (8) is called the

" declination " (also, by sailors, the " variation "); it varies

from place to place, and from time to time, but very slowly,

80 that throughout a limited area of the earth's surface,

and for a limited time, it may be regarded as constant.'

One end of the axis always turns northwards, and the

other always southwards; we shall call the former the

"north",and the latter the "south pole," although, for

re'anons to be afterwards explained, it would be more appro-

priate to invert the order of these names. Henceforth the

vertical plane in which the axis of the magnet comes to

rest will be called the magnetic meridian, and the two

horizontal directions in this plane magnetic north and

jnagnetic south respectively.

It must be carefully noticed that there is a certain

amount of arbitrariness in our definition of the axis and

poles of a magnet. In reality it is only the direction of

the axis that is fixed in the body, and not its absolute

position. This will be made plain if we repeat all our

experiments with the spherical magnet after fastening to

it a piece of wax or other non-magnetic body, so as to

leave its magnetic properties unchanged, but to throw its

centre of gravity out of the centre of figure. Everything

will fall out as before, only the axial planes of the different

points of suspension will now meet in a line, parallel, it ii

true, to the axis determined before, but passing throughthe

new centre of gravity. In point 6f fact, therefore, we

might choose any point in the body, draw a line through it

iu the proper direction, and call this the axis. Hereafter

we shall, unless the contrary is stated, draw the axis

through the centre of gravity of the body, or through its

centre of figure if it has one ; and we define the poles, for

the present, as the points in which the axis cuts the sur-

face of the magnet, supposing, as will be generally the

case, that the line cuts the surface iu two points and no

more.

Having now obtained a definite idea of the axis of a

magnet, and seen that it has, in the first instance at least,

nothing to do with the external form of the body, let us

proceed to make an artificial magnet of the particular kind

usually called a " magnetic needle," and briefly examine its

properties: Take a tolerably thin flat piece of pretty

hard-tempered steel, of the elongated symmetrical form

US shown in fig. 1. We suppose it, in the first place,

in an unmagnetic condition. Let it be pierced by a well-

turned axis ab, passing accurately through its centre of

gravity, and perpendicular to its plane, so that, when the

' For the early obseivations on the declirjiition the reader in re-

feiTed to the treatment of the subject of teneatria! raagneti^nl in the

article Mfteoroloqy. At the present time the declination at Green-

wich in a little over IS" ; at Edinburgh it would be about 4° more.

axis is placed on two horizontal knife edges, the "needle will

rest in any position indifferently. Further, let four very

small hooks, c, d, e,f, be attached, two (c, d) to the ends

of the axis, and other two (c,/) to the edges of the needle in

a line perpendicular to NS. Now rub the half of the needla

"N^ Ju

rf

Fig. 1.

towards N with the south pole of the spherical magi;et

whoso properties we have just discussed, beginning the

stroke at the middle and ending it at the point of the

needle, and for symmetry's sake let us do the same Co the

other side of the needle, and then repeat this process

with the north pole of the sphere on the other half

towards S. Let us examine the properties of the needle

thus "magnetized." If we suspend it first by the hook c

and then by the hook d, we shall find that in both

cases the line joining NS - makes very nearly the. same
angle with the geographical meridian. Hence the mag-

netic axis must lie in a plane through NS perpendi-

cular to the plane of the needle. A similar experiment

with the two hooks e, f will show that the magnetic axis

iies approximately in the plane of the strip, which we may
suppose for the present to be infinitely thin. Hence the

magnetic axis may be taken to be coincident with the line

,NS joining the points of the needle. This coincidence

is, however, in general only approximate, and in delicate

measurements corrections have to be made on that account,

of which more hereafter. If we now mount our magnetized

needle on a piece of cork or two straws, and float it in a

basin of water, or replace its axle by a small cap and set

it on a pivot, we have the mariner's compass in its early

form. We shall call it a magnetic needle, to distinguish

it from the more elaborate compass of the present day. A
favourite way of showing the directive property of a

magnet, described by Gilbert, is to magnetize a sewing-

needle, and lay it very gently, by means of a fork of wire,

on the surface of water ; it will float and turn until it .takes

up its position in the magnetic meridian.

A needle mounted in this way, so as to have great freedom to

move in a horizontal plane, is of great use in magnetic experiments.

Gilbert calls it a " versorium. " When very delicate applications are

in view, the point of the pivot on which it is mounted must be very

hard (say of hard tempered steel or iridium), and the cap should

be fitted with an agate or other hard stone having a polished

cavity of the form of a blunted cone to receive the pivot. A still

better arrangement, also used by Gilbert, is to suspend a short and

very light piece of steel \yire— a fine sewing needle may be used

—

by means of a single fibre of silk. The most delicate arrangement

ot all is to use one of Sir W. Thomson's light galvanometer mirrora

with the magnets attached, and follow its movements by means of

the lamp and scale as usual. See Galvanometer.

Such, with as much of modern accuracy imported into

them as was necessary for clearness of exposition, were the

facts of magnetism as known up to the beginning of the

16th century.

Another experiment with our magnetized needle will

enable us to describe the next important magnetic, dis

covery. In its unmagnetized condition the needle rested

indifi'erently in any position when its axis was placed oa

= Or tlie vsrtical plane through it. should it happen to be not quite

horizontal.
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t(vo horizontal knife edges. In the magnetized state this

13 no longer the case. The axis of the needle now takes

up a fixed position, with its north

end pointing downwards (fig. 2),

and if disturbed will oscillate

about that position, and finally

settle into it again. The angle

which the axis NS makes with the

horizon is least when the plane of

rotation of the needle is in the mag-
netic meridian : the angle (i) in this

case is called the "dip," or (by Con-

tinental writers) the "inclination."

It is greatest, viz., 90°, when the

plane of rotation of the needle is

vertical and perpendicular to the

magnetic meridian. At Greenwich

the dip is about 67° 30' at the pre-

sent time. If we place the needle

with its plane of rotation perpendi-

cular to the line of dip, the equili-

brium will be indifferent, as it was l^'S- 2.

in all positions before magnetization ; but there is no

other position of the magnetized needle for which this

is true.

The remarks which we made as to variation in space

and time of the declination apply also to the dip. The
v&riation from place to place differs, however, in nature

from that of the declination. Along a line running in the

neighbourhood of the geographical equator, partly north

and partly south of it, the dip is zero. North of this line,

which is called the magnetic equator, the north end of the

needle dips below the horizon ; and the angle of dip

increases as we go northwards, until, at a point in the

Hudson's Bay Territory, the needle dips with its north

pole vertically downwards. South of the magnetic equator

the south end dips below the horizon ; and there is

again a point in the southern hemisphere where the south

end dips vertically downwards. These points are called

the "magnetic poles" of the earth. For further details

on this subject we refer the reader to the discussion of

terrestrial magnetism in the article Meteoeolooy.
It was in the accurate observation of the declination and

dip of the magnetic needle that the science of magnetism
arose. The dip appears to have been first observed by
Georg Hartmaun, vicar of the church of St Sebaldus at

Nuremberg (1489-1564), who seems to have been in

advance of his age in magnetical matters. In a letter* to

Duke Albrecht of Prussia, dated 4th March 1544, he
writes :

—

" Besides, 1 find tliis also in tnc magnet, that it not only turns
from the north and deflects to the east about 9° more or less,, as I

have reported, but it points downwards. This may be proved as

follows. I make a needle, a finger long, which stands horizontally

on a pointed pivot, so that it nowhere inclines towards the earth,

but stands horizontal on both sides. But as soon as I stroke one
of the ends (with the loadstone), it matters not which end it be,

then the needle no longer stands hvirizontal, but points do\VDward3
(fiilU unter sich) sonic 9° more or less. The reason why this
happens was I not able to indicate to his Eoyal Majesty."

From this it will be seen that Hartmann had unques-
tionably observed the tendency of the magnetized needle

to dip. His method of observing is of course unsuited for

' Brought to light by Moser. See Dove's Repertorium der Physik,
U., 1838. It does not appear that Hartmann's letter was ever
berore published. Moser is therefore scarcely justified in attacking
Norman's priority in this matter, still less in attempting to deny him
the credit of first observing tlie dip by a sound method. Had he rend
the Newe Attractive he couM scarcely have fallen into such an error;

for in respect of clearness and scientific precision Hartmann's letter,

interesting as it is, cannot for a moment be compared with Norman's
little work.

measurement, and it is not surprising that he got a result

of 9° instead of somewhere about 70°.

In 1576 the dip was independently discovered by Eobert

Norman, a skilful seaman and an ingenious artificer,

according to Gilbert. He was in the habit of making

compass needles, and carefully balancing them so as to

play horizontally on their pivots before magnetization.

He found that, after they were magnetized, they constantly-

dipped with the north end downwards, so that a counter-

poise had to be added to bring them back to the horizon.

This led him to construct a special instrument, the proto-

type of the modern dipping needle, to show this new
phenomenon. With this instrument he made the first

accurate measurement of the dip, and found it to be 71"

50' at London.

2

The early English magnetic observers, of whom Norman
and Burroughs (who wrote an able supplement to Norman's

work) were admirable examples, must have done much for

the introduction of precise ideas into magnetism. But their

fame was speedily eclipsed by William Gilbert of Colchester' Gilbei*

(1540-1603), whom Poggendorff has justly called the

Galileo of magnetism, and whom Galileo himself thought

enviably great. In his great work entitled De Magaete

Magnetichque Corporibits et de Magno Magnete Tellure

Physiologia Nova, first published in 1600, we find a com-

plete account of what was known of magnetic phenomena
up to his time, with a large number of new ideas and new
experimental facts added by himself. We find in Gilbert's

work, in a more or less accurate form, nearly all that we
shall lay before the reader in the first section of this article,

described very much in the language that we shall use.

" How far he was ahead of his time is best proved by the

works of those who wrote on magnetism during the first

few decades after his death. They contributed in reality

nothing to the extension of this branch of physical science."
*

Mutual Action of Like and Unlike Poles.—If we take a Like

magnet whose poles N', S' have been determined and ™ag^<'*"

marked as above explained, and bring .its north pole N'^'^, j.

near the north pole N of a magnetic needle, N will move unlike

in a direction indicating repulsion between N and N'. attract

The same result will follow if the south pole S' of the

magnet be brought near the south pole S of the needle.

But if S' be brought near N, or N' near S, attraction will

be indicated. Hence the

following fundamental law

of the action between two
magnets :

—

Like poles repel

each other; unlike poles

attract each other. It would

appear, therefore, that the

whole action of one magnet N/
upon another is of a some-

what complicated character,

even if we take the simplest , [/] ^-~J c»

view of it that the experi-

mental facts will allow, viz.,
Fig. 3.

that the action may be represented by forces acting between

the two pairs of points in each magnet which we hav©

defined as north and south poles. On this assumption,

the action of N'S' upon NS would consist of the four forcea

represented in fig. 3, for all these must exist in accordance

with the law just established. Whether this is a sufficient

• He published a work, of which the foriowiDg description is giveo

in the Ronalds' Catalogue :
— " 'Jlie Netce Attractive, containing a short

discourse of tlie Magnes or Lodestone, and amongst other his vertues,

of a new discovered secret and subtill propertie concemyng th»
Declyning of the Needle, touched therewith, under the plaifte of th»
Horizon. Now first found out by Robert Norman, Hydrographer. ita
(black letter, scarce), London, 1581."

' For details as to his life, see art. Gilbert.
* Poggendorff. Oeschichte der J'hysik, p. 286.
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representation of the most general case, and what the exact

law of the forces ought to be, we are not yet in a position

to decide. One thing, however, is clear, that the action

between two poles must diminish when the distance between
them increases ; otherwise we should not have been able

to make the action of N or S upon N' prevail, by bringing

the one or the other nearer.

It was perhaps the complexity of this analysis (along

with the fact that the action of the magnet upon soft

iron, which was the earliest discovered magnetic pheno-

menon, is not a pure case of this action, but involves

also another phenomenon, viz., magnetic induction) that

prevented for so long the discovery of the elementary law
we are now discussing. At all events, it seems to have
been a new discovery in the IGth century, if we may judge
from a passage in the letter of Hartmann above alluded to.

He was certainly aware of the existence of magnetic repul-

sion in some form or other. It is somewhat difficult to

gather from h's description what it was exactly that he
observed, and he nowhere states the law fully and explicitly.

In Norman's Neive Attractive ' we find it clearly stated,

ond demonstrated by means of a needle floatmg on water
or suspended by a thread j^ yet he does not appear to claim
the fact as his discovery. If, therefore, Hartmann was not
the actual discoverer, we may at least conclude that the
law became familiar to magnetic philosophers during the

thirty years that separated him from Norman.
The Macfnetic Field.—We next introduce a method of

conceiving and describing magnetic actions which was
invented and much used by Faraday. Since a magnet acts

upon a magnetic needle placed anywhere in the surround-
ing space,' we call that space the magnetic field of the
magnet. Neglecting the earth's magnetism, we may map
out this field as follows. Conceive any plane drawn
throvigh the axis of the magnet, and place it so that this

plane shall be horizontal. Then at any point in this

plane place a very small magnetic needle, and note the
direction which its axis assumes under the action of the
magnet ; then proceed to move the centre of the needle
in the direction in which its north pole points, and con-
tinue the motion so that at each point the centre is

following the direction indicated by the north pole. The
line thus traced will at last cut the surface of the
magnet at some point lying towards its south pole ; and if

we continue the line backwards, by following the direction

coiUinually indicated by the south pole of the needle, it

will cut the surface of the magnet at some point lying
towards the north pole. Such a line is called a line of
magnetic force;' and, since one such line can be drawn
through every point of the plane, and any number of
planes can be taken tbi-ough the axis of the magnet, we
can conceive the whole magnetic field filled with such lines.

Fig. 4, taken from Faraday, gives an idea of the distribu-

tion of the lines of force in the field of a bar magnet ; fig.

5 represents the lines in the field due to two neighbouring
like poles.

These diagrams were not obtained by the method we
have just described, but by a much simpler process which
we shall describe by and by. Their use, so far as we have
gone, is to tell us how a small needle, free to move about
its centre in any direction, will place itself at any part of

the field, viz., it will place its axis along the tangent to
the line of force which passes through its centre, its north
pole pointing in that direction which ultimately leads to
the south pole of the magnet producing the field.

^ Suppose we apply these ideas to a spherical magnet (a

terella, or earthkin, as Gilbert calls it). The lines of force

> aiap. i.

' See also Gilbert, J)t .ifaffnele, lib. i. cajj. v.

• Gilbert uses.tlii; phrase orliia cirtiitia iu a ioniewUat similar seiis^.

in any plane through its axis would be found to run some-
thing like the curves in fig. 6. If, therefore, we carried a
small needle (suspended from a silk fibre so as to be
perfectly free to move iu all directions) round the magnet

Fig, 4.

in a meridian plane, its axis would constantly remain in the

meridian plane, its north pole always point towards the
south pole of the spherical magnet, but dip more and more

Fig. 5.

below the tangent plane to the sphere as the centre recedes

from the equator, and end by pointing straight towards

the south pole when the centre reaches the magnetic axis

(see fig. 6).

When we reflect that in all our experiments the pro-

perties of magnets, whether native, such as the loadstone,

or artificial, such as the needles magnetized by rubbing

with 'the loadstone, have proved alike, and that every
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purely magnetic action on a magnet has its source in some
other magnetic body, we are naturally led to the con-

clusion that the reason why at every point of the earth's

surface the axis of a freely suspended magnet assumes a

definite position is simply that the earth itself is a great

magnet, and that in observing the declination and dip w'B

are simply exploring the magnetic field of the earth. It

is true that, according to the experiment above described,

the declination would every where be zero, and the magnetic

equator would coincide with the geographical, but that

arises merely because we assumed our earthkin, for

simplicity of explanation, to be symmetrically magnetized,

80 that its lines of force ran in planes passing through its

axis. It remains to be discussed whether the most general

assumption, viz., that the earth is a magdetic body, will

not account for the facts of terrestrial magnetism. The
answer to this question has been given, as we shall see, by

Gauss.

This idea, whose simplicity is the truest measure of its

greatness, is due to Gilbert, and was by him made the

foundation of his work on magnetism. The boldness of

his theory will be appreciated when we remind the reader

that in his day the dip was but newly discovered, and had

been measured only at London, so that Gilbert's very full

and clear exposition of this phenomenon, which we have

given above, was in fact a scientific prediction, which was

not fully verified till long afterwards.' Before Gilbert a

variety of wild conjectures had been made as to the cause

of the directive property of the magnet.- Many, like

Columbus, Cardan, and Paracelsus, believed that the

magnet was attracted by a point in the heavens, possibly

some magnetic star. Others suppo.sed that the attracting

point was situated in the earth ; Fracastorius imagined

hyperborean mountains of loadstone situated near but not

quite at the north pole ; and to this theory others con-

tributed the detail that the magnetism of these mountains

was so powerful that ships in these regions have to be built

with wooden nails instead of iron ones, which would be

instantly drawn out by the magnetic attraction.

It is clear that, if we call that magnetic pole of the earth which

lies in the northern hemisphere its north pole, we ought, in acconl-

ance with our fundamental law of magnetic action, to call the north-

seeking polo of an ordinary magnet a south pole. When it is

necessary to speak of njagnets from this point of view, the diffi-

culty is got over by calling the north-seeking pole the austral pole,

andthe south-seeking pole the boreal pole. In reality the danger of

confusion is more imaginary than real. The reader should be wained,

however, that in some French works the ordinary nomenclature is

reversed, and that Faraday uses "marked " and " unmarked," and
Airy "red" and " blue," in the sense iu which north and south are

commonly used.

The Earth's Action on a Magnet is a Covple.—Norman
in his Newe Attractive (chapters v. and vi.) discusses very

acutely the question v^hether there is any force of transla-

tion exerted upon a magnet. He advances three conclusive

experiments to prove the negative. First, he weighed

several small pieces of steel in a delicate gold balance, and

then magnetized them, but cnuld not detect the slightest

alteration in their weight, " though every one of them had

iTceived vertue suflTicicnt to lift up his fellow." Secondly,

ho pu.shed a steel wire through a spherical piece of cork,

and carefully pared the latter so that the whole sank to a

iCortain depth in a vessel of water and remained there,

taking up any position about the centre indifi'erently.

After the wire was magnetized very carefully, without

disturbing its position in the cork, it sank to the same

' Tlie first verification was by Ilndson, who, in 1608, found the dip

in 75° 22' N. lat. to be 89° 30'. Gilbert found 72° at Lomlon in liSOo.

Tlio place of vertical dip in the northern lieniispliere waa tirst reatlied

hy Sir Jnmen Roas in 1631. It wn3 found about 70° 5' 17" N. ht.

and 116° -15' 48" W. long.

- See Gilbert, De Mogtictf, lib, i. cap. i.

depth as before, neither more nor less, the only difference

benig that now the wire set itself peraistently in a definite

fixed direction parallel to the magnetic meridian, the north
end dipping about 71° or 72' below the horizon. Thirdly,

he arranged a magnetized needle on a cork so as to float

on the surface of water, and found that, although it set in

the magnetic meridian, there was not the slightest tendency
to tran.slation in any direction.^ He concludes that there

is no force of translation on the magnet, either vertical or

horizontal. He was evidently somewhat puzzled bow to

jiut this result into a positive form, ,and his "point
respective," as he calls it, is not a very clear explanation of

the earth's action. What he wanted was the modern idea

of a "couple," i.e., a pair of equal but oppositely directed

parallel forces acting on the two ends of the needle ; but

such an idea was not conceived in Norman's day. Gilbert

adopts Norman's result in this matter, 'adding nothing

essential, reproducing even Norman's diagram of the

siiherical cork with the wire through it. It is clear

therefore that Gilbert had a forerunner in th'e practice, as

Bacon had in the theory, of inductive science ; for Norman
says, speaking of the mass of fables that had passed for

truth in geography, hydrographj', and navigation before

his time, " I wish experience to bee the leader of Writeis in

tho.se Artes, and reason their rule in setting it downe, that

the followers bee not led by them into errors, as often-

times have beene scene."

The Magnetic Property is Molecular.— Apart altogether

from the question as to how we are to represent the action

of a magnet upon other magnets, there arises another quite

distinct question, as to where the cause of this action

resides. That these two questions are really distinct,

although there has always been a tendency in the more

superficial treatises on the subject to confuse them, will be

obvious from the fact that we shall afterwards obtain more

than one perfectly general way of representing the action

of a magnet at external points, whereas there must be one

and only one cause of this action. A very old experiment *

at once throws considerable light on this point. If we
break a bar mag-
net into two

N

5 N'
n

N S'N" S" N'
3 d

Fig

pieces, it will be ^
found that each C
of these is itself

a magnet, its axis

being in much
the same direc-

tion as that of the original magnet, and its poles in cor-

responding positions, see fig. 7. The same holds if we

break the bar into any number of pieces; and, quite

generally, if we remove any piece, however small, from a

magnet, this piece will be found to be magnetic, the direc-

tion of its axis usually bearing a distinct and easily

recognizable relation to the direction of the axis of the

whole magnet. We are therefore driven to the conclusion

that the magnetic quality of a body is related to its ultimate

structure, and not simply to its mass as a whole, or to its

surface alone ; and this conclusion is not to be invalidated

liy the fact that we can in general, as will afterwards

appear, represent the action of the magnet at external

points by means of a proper distribution of centres of

attractive and repulsive forces upon its surface merely.

Temporary Magnetism of Soft Iron and Steel in ike

Magnetic Field.—Bodies which possess permanent magnetic

' Hartmann (see liis letter above cited) was in error on this subject

He describes a someTrhat aHiiilar e.vperiment, and distinctly states that

the needle has a motion of translation. " Schwimmt mit dem Ort

wclclier ist mittcmiiclillich am Stoin, bis «r kam an den Port Aat

Scluissel, da das Wasset in war."
• Cf. Gilbert, De Mugneti:, lib. i. cap. v.
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properties, not depending on the circumstances in which

they are placed, we shall henceforth call " permanent

magnets," The law of the action of one permanent magnet

upon another, as we have seen, is that like poles repel and

unlike poles attract each other. The action of a permanent

magnet on pieces of soft iron is, at first sight, different, for

either pol^ attracts them alike.

To fix our ideas let us take a small thin bar of soft iron

or of steel, and test it with a delicate magnetic needle. It

will usually be found, more particularly if a steel bar is

taken, that one end of the bar will repel one or other of

the poles of the needle. This is a sure sign of permanent

magnetism. If, however, we heat the bar to whiteness

and allow it to cool in a position perpendicular to the

earth's magnetic force,

all permanent magnet-
ism will be found to

have disappeared. If
/\

we now place the bar '

-

in a horizontal plane

(fig. 8) with its axis

perpendicular to the

axis of the needle, and
one of its ends A, B
near either pole of the

needle, that pole will be

attracted, no matter

whether it be the north

pole or the south pole J
of the needle, or which
end of the bar be used. ^^'

Care must be taken in this experiment to avoid using a too

strongly magnetized needle, and to keep the needle from
touching the bar, otherwise the bar may receive traces of

permanent magnetism which will disturb the result. It is

very easy, by repeating the above experiment with an un-

magnetized needle, to show that the power that the bar
acquires of attracting the poles of the needle is temporary
and depends on the presence of a magnetized body.

Keeping to our principle that a magnetic cause is to be
sought for every magnetic action, we are led to explain the

above experiment by saying that in the magnetic field a

bar of soft iron or of unmagnetized steel becomes magnetic
in such a way that its north pole points as nearly as may
be in the positive direction of the lines of force passing in

its neighbourhood (or, in other words, in the direction, as

neirly as may be, in which a magnetic needle would point

if placed in its neighbourhood). A body which becomes
magnetic in this way by the magnetic action of another

body is said to be " magnetized " by " inductioa" We shall

suppose, in the meantime, that it loses all the magnetism
thus acquired when the inducing action is withdrawn

;

although this is not necessarily, and in fact not genei^Uy,

the case, as we shall see by and by. The reason why soft

iron is attracted by a permanent magnet is therefore now
said to be that the iron becomes magnetic by induction,

and is then acted upon by the magnet like any other

magnet similarly placed. The accuracy of this analysis

of the phenomenon may be confirmed by many simple but
striking experiments, such as the following.

In the experiment above described, instead of placing

the non-magnetic bar in a horizontal plane, place it in the

plane of the magnetic meridian with its axis in the direc-

tion of the earth's force (i.e., parallel to the line of dip).

The lower end of the bar will then be found to repel and
the upper end to attract the north pole of the needle

(figs. 9, 10). This is at once explained on the above
hypothesis ; for the bar will be magnetized inductively by
the earth's force, so tuat its lower end becomes a north

pole, and its upper end a south pole.

Let NS (fig. 11) be a bar magnet placed horizontally

so that its axis produced passes through O, the centre of

suspension of the needle m, then the needle will be deflected

Fig. 9.

in the direction of the arrow. If now we place between S
and O a small sphere of soft iron, this deflexion will be

s

N- 5

Fig. 10.

increased, the reason being that the sphere is magnetized by
induction, having a south pole towards O and a north pole

N

N
—

C

Fig. 11.

towards S, and the action of these is added to that of NS.
Let NS (fig. 12) be a, magnet placed in the magnetic

meridian, n's a small _, ^,

magnetic needle in the

same horizontal plane,

with its centre in the

line bisecting NS at

right angles. When
acted on by NS alone,

n's will place itself

parallel to NS, with
\ {

its north pole pointing S ' ~ ^
in the direction NS ^'S- 12.

Let the dotted line represent a Ime of force If we move

a small piece o£ sort iron ns along this line in the direc-

tion from N towards S, it will first deflect the needle as
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^xi'( li-

'N

I

/^

iu fig. 13, and finally as iii Bg. 14, atd in each position

reveraing it end for end will not alter the effect. All this

is at once exjilaiued by the above hypothesis.

A variation of the last experiment may be made thus.

Place a magnet verti-

cally, ia the neigh-

bourhood of a mag-
netic needle ; by mov-
ing it up and down a

position will be found

in which the action of

thft magnet on the

needle is wholly verti- ,

cal, so that the needle jjt

is not deflected from
the magnetic meridian.

Now take a small piece

of soft iron and move
it along a line of force

passing near the needle,

proceeding from the

uorth to the south

pole of the vertical \
/

magnet. It will then \ /

be found, in accord- I —

^

ance with our hypo- ^'S- !*

thesis, that the north pole of the needle is first repelled,

and finally attracted by the soft iron.

If we hang two short pieces of iron wire alongside of

each other by parallel threads, they will be found to repel

one another, and to

hang separated by a

considerable interval

when a magnet is

brought under them
(see figs. 15 and
16). This experi-

ment is due to

Qiibert, who rightly

explains it by saying

that the two euds

nearer the magnetic
pole S become like

poles of opposite

kind to S, while the ^
two farther ends are

like poles of the

same kind as S. The
experiment may be
varied by placing

some little distance

below the pole of a
magnet S a piece of

mica or thin card-

'V^/-^

I'ig. 15. Fig. 16.

board M, and placing below that a short piece of soft iron

wire; it will remain adhering to the mica, and so long as it

is alone will hang more or

less nearly vertical, but whca
another is placed alongside of

it the two will diverge as in

fig. 17.

One of the most interesting

examples of magnetic indue- M c=

tion is furnished by the action

of a magnet on iron, filings.

If wo plunge a magnet into

a quantity of iron filings ^'8- ^''•

and then remove it, we find it thickly fringed around the

polos, whore the filings adhere to the magnet and to one
«nothor so as to form short bushy filaments ; tho thick-

JT
:3M

ness of the fringe diminishes very rapidly towards tlio

middle of the magnet, where very few adhere at all. Tlic.-^c

filaments are composed of magnetized particles of iron
adhering by their unlike poles.

If we place a small bar magnet under a piece of mode-
rately rough drawing paper, strewn as uniformly as possible
with fine iron filings, and then tap the paper very gently so
as to relieve the friction, and allow each filing to follow tho
magnetic action, then tho filings will be seen to arrange
themselves in a series of lines, passing, roughly speaking,
from pule to pole, as in fig. 4 (p. 2 22 ); The explanation of this

phenomenon is simply that each filing becomes magnetized
by induction, and, if it were quite free to move about its

centre, it would not bo in equilibrium until it set its longest
dimension along the line of force through its centre. Tho
roughness of the paper effectually prevents translation, but
does not hinder rotation, especially when the friction is

relieved by tapping ; hence every filing docs actually set as
if it were a little magnetic needle, subject of course to
some slight disturbance from the neighbouring filings. Tho
whole therefore assumes a grained structure, and tho
graining runs in the direction of the lines of force. We
have thus an extremely convenient way of representing
these lines to the eye, which lends itself in a variety of
ways to the illustration of magnetic phenomena. In fig. 5
are shown the lines formed in the field near two like
magnetic poles. These magnetic figures may be fixed in a
great variety of ways, and projected on a screen so as to be
visible to a large audience, but it is scarcely necessary to
dwell here upon details of this kind.

These magnetic curves seem to have fixed the attention
of natural philosophers at a very early period. They were
originally called the magnetic currents, from an idea that

they represented the stream lines of magnetic matter, which
explained the magnetic action according to the theory then
in vogue. La Hire mentions them, Mem. del'Acad., 1717.
Bazin gives an elaborate account of them in his Dtsaiplion
des Courans Mar/neliqvcs dessincs d'ajires Nahtre, Stras-

burg, 1753. Jlusschenbrock seems to have been the first

to give the correct explanation depending on magnetic
induction, Diss, de j\far/ne/e, 1729.

If the filings be laid very thickly on the paper, and one 1. 1. n-

pole of the magnet be brought under them at a short
.V-rut/uu

distance off, they wiil arrange themselves in a pattern,

and at the same time bristle up so as to stand more
or less erect, according as they are nearer or farther

from the magnet They have thus the niqioarance of

being repelled fiom the magnet. It was, in all proba-
bility, this phenomenon that was observed by Lucretius
when he .says (vi. 1042):

—

"Exultiirc ptiuin Sninotlirncia fcnca villi,

Ac mnientA Hiiinil fcni fuivru iiitns oln'iifx

Ir fvipliiis, liqiis liic Jdignus cum siiUlitus c.s.sct"^

His conclusion, therefore, that iron sometimes flies and
sometimes follows the magnet, was scarcely justified by his

experimental facts, and it is a mistake to suppose, as some
have done, that he was aware of the polarity oi pe^-tnancnt

magnets.

If we tap the card in the last experiment a cOrious

result may sometimes be observed.' The lines of

filings will be seen to recede from the point of the card
immediately over the pole of the magnet. If, however, the
magnet bo hold over, instead of under, the card, tapping
will cause the filings to approach the point under the polo
of the magnet. The most probable explanation - of this is

to be found in the fact that tho erected filings .stand in the

' iEpiniis, Tcntamen Thcorix Etrctricilutis el SIajjnc{ismi,17iO
;

Cav.illo, Tieclise on Mii'jnrtism, 1787.
' liogct, Lilmtry of I'sc/iil Knoidcd/je, 1832.

XV. —
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former case as sliovrn in fig. 18, and in the latter as

ehown in fig. 19 ; that is, in both cases, owing to the action

of gravity, they are more acutely inclined to the card than

n«

Uir
Fig. IS.

the lines of force (represented by dotted lines in the figure).

Consequently, when the filing springs up into the air, and

is thus free to follow the magnetic couple, it turns more

I_Ll^

Fig. 19.

into the direction of the line of fSrce ; the effect of this is

to carry its lower end each time a little farther from

the axis of the magnet in the one case, a^.-d a little

nearer to it in the other,

By far the most important case of magnetic induction

is the electromagnet. Whenever an electric current flows

in a closed circuit, the surrounding space becomes a field

of maf^netic force, and any piece of iron in it will be in-

ductively magnetized. Such an arrangement of an electric

circuit and iron is called an electromagnet. . The variety

of form and of application of such instruments in modern

science is endless. A few of the more important modifica-

tions will be considered below.

Co-existence of Induced and Permanent Magnetism.—The

fact that a body is already a permanent magnet does not

prevent its being susceptible to magnetic induction. If

we take any piece of iron at random, the chances are that

one end or other of it will repel the north pole of a magnetic

needle,— in other words, it will be to some extent per-

manently magnetic ; but if we bring it slowly nearer and
nearer to the pole of the needle, provided its magnetism be

not too strong, it will by and by attract-the pole which it

at first repelled. Again, if we take two steel magnets,

which may be as powerful as we please, provided at all

events that they are unequally powerful, and bring two lile

poles together, these poles will at first repel each other in

accordance with the fundamental la w of permanent magnets

;

but, when the distance is less than a certain amount, the

repulsion passes into an attraction, and when the poles are

in contact this attraction may be very considerable. These
phenomena are at once explained by the law of induction.

The induced or temporary magnetism is superposed on the

permanent magnetism, and, when the poles are near enough,

the opposite magnetism induced by the pole attracts it

more than the permanent like magnetism repels it ; and
•this happens even with steel, whose susceptibility for

fn ignetic induction is considerably less than that of iron.

This phenomenon was observed pretty early in the history

of magnetism, but was not fully explained until the idea of

magnetic induction was fully developed. Michell, in his

I'reatise of Artificial Magnets,^ gives a tolerably clear

account of it. JIusschenbroek mentions it,^ along with the

fact that a magnet attracts iron more than it does another

magnet, but ofi'ers no explanation of either fact. The latter

result, 80 far as it is true, can of course be explained by
the smaller susceptibility of Bteel, particularly of hard

steel, to magnetic induction, which is the main factor in

attraction at small distances. Poggendorff^ and others

have experimented on the subject in later times. The
reader should notice the close" analogy between these

phenomena and the repulsion and attraction at different

distances between two similarly electrified conductors.

See article Electeicitv, vol. viii. p. 33.

Induction of Permanent Magnetism.—The case above

supposed, in which the induced magnetism is wholly

temporary, although it can be easily realized with small

magnetizing forces, is not the general one, but in fact the

exception. Usually a certain proportion of the magnetism
remains after the inducing force is removed. This happenz

even with the softest iron, when the inducing force is very

great. Just as bodies diiler very much in their suscepti-

bility for induced magnetism, so they differ greatly in their

power of retaining this magnetism when the inducing force

ceases, or, as the phrase is, in "coercive force." Thus, while

the inductive susceptibility of steel is less than that of iron,

it retains much more of the magnetism imparted to it,

and is therefore said to have much greater coercive force
;

and the coercive force is greater the harder the steel is

tempered.

It is obvious, therefore, that the principle of "induction,"

along with the idea of "retaining power" or "coercive force,"

furnishes us with the key to the explanation of the com-

munication of permanent magnetism, whether by means of

natural magnets or of artificial magnets, or of the electric

current. In particular, we see at once the reason why the

end of a needle which has been touched by the north pole

of another magnet becomes a south pole, and vice versa,—

a

fact which greatly piizzled the earlier magnetic experi-

menters, and indeed all who were inclined to think that, in

the process of magnetization, something was commanicated
from the one magnet to the other.

Mathematical Theory of the Action of Perma-
nently Magnetized Bodies.

In this section we shall suppose the bodies considered to

be rigidly magnetized ; i.e., we shall suppose that magnetic

action exerted on any body produces no change in its

magnetization. It is further to be observed that we are

merely establishing a compendious representation of ob-

served facts, and foreclosing nothing as to their physical

theory or ultimate cause. Our method is therefore to

some extent tentative, and its success is to be judged by

the agreement of the results with experiment

There are two main facts to be borne in mind :— (1) that

a magnet is polarized, and (2) that the properties of its

smallest parts are similar to those of the whole. Adopting

the mathematical fiction of action at a distance, we may
represent the action of such a body by a proper distribution

of imaginary positive and negative attracting matter through-

out its mass. This imaginary matter, following Sir W.
Thomson, we shall call "magnetism," as we thus avoid

suggesting other properties of matter than attraction, of

which in the present case experience has given no eTidence.

We assume that magnaum, of any sign repels magnetism

' CaiDbritlge, 1750.
» Philotophia Katnralis, §§ 95.5, 954^ 1762.
' Pogg. Ann., xlv. p. 375, 1838.
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oflhi same Bijn and attracts magnetism ofthe opposite sign.

Magnetism is supposed to be so associated with the matter

of the body that magnetic force exerted on the magnetism

is ponderomotive force exerted on the matter. On the

other hand, magnetic force is always supposed to be exerted

by magnetiim upon magnetism, and never directly by or

upon .matter. Into the nature of .this association of

magnetism with matter there is no pretence, indeed no

need, to enter.

The elementary law of action assumed is that the attrac-

tion or repulsion {as the case mag be) betioeen two quantities

m and m' ofmagnetism supposed concentrated in two points at

a distance r apart is --J^> and is in the line joining the two

points. This supposes that the unit quantity of magnetism

is 80 chosen that two units of positive magnetism at unit

distance apart repel each other with unit force. This

definition, which is fundamental in the electromagnetic

system of units, gives for the dimensions of a quantity

of magnetism [L-M'^T"*]. If the electrostatic system be

adopted the issult would of course be different.

Strength An accurate raeaning can now be given to the phrase

of mag- 1' strength of a magnetic field," or its equivalent " resultant

Jl*["° p magnetic force at a point in the field
;
" it is defined to

«>tltant^ be the force exerted upon a unit of positive magnetism

magnetic supposed concentrated at the point. The force exerted on

foree. a unit of negative magnetism would of course be equal in

magnitude, but oppositely directed ; and in general, if R
denote the resultant magnetic force at the point, the

magnetic force exerted on a quantity k of magnetism

concentrated there is kE.

Volume We may, as in the corresponding theory of electricity,

and introduce the ideas of volume density (/>) and surface
surface density (cr),—so that pdv and crdS denote the quantities
density

^j magnetism in an element of volume and on an element

oetism. of surface respectively; p and cr may of course be positive

or negative according to circumstances.

It will now be seen that, mathematically speaking, the

theories of action at a distance for electricity and magnetism

are identical, and every conclusion drawn will have, so far

as the physical diversity of the two cases may allow, a

double application.'^ lu particular it will be found that

the theory of magnetism, when properly interpreted, gives

the theory of dielectrics polarized in the way imagined by
Faraday.

Total The fact of magnetic polarity requires the corfception of

maKiut- negative as well as positive magnetism ; the fact that the
Ism z.ri). properties of the smallest parts of a magnet are similar to

those of the whole requires that in every element of the

body there shall be both negative and positive magnetism.

From the fact that in.B.nniform field, i.e., one in which the

resultant magnetic force has at every point the same

magnitude and direction, the force of translation upon a

magnet is nil, it follows that the algebraic, sum of all the

magnetism in any magnet must be zero ; for, if R denote

the strength of the field, by the theory of parallel forces

the whole force on the magnet will be 2(kR), = R2k;
hence 2k = 0. In other words, in every magnet there mnst

be at mucJi negative as positive magnetism ; and this con-

clusion also must be extended to the smallest parts of every

magnet, so long as we do not go behind the mere facts of

observation. The positive and negative magnetism cannot

be coincident throughout, otherwise there would be no
external magnetic action, but the separation is in the

elements of the body. Thus, although there is no force

of translation in a imiform field, there will in general bo

a couple. Consider the positive and negative magnetism

' To prevent needlrs^ repetition, we sliall adopt henceforth, without

farther explanation, tho definitions, terminology, and results given in

the article Electbicitt, vol, viii. p. 24 sj.

separately, and let k denote any element of the former and
K any element of the latter. Let N be the centre of mas»
of the positive, S the centre of mass of the negative

magnetism ; so that, if the magnet be referred to a set of

rectangular axes, the coordinates of N and S are

Skx Skij 2i«

Sic 2k ' 2x
and [ (1).

SkV SkV SkY
2k 2k 2k

Let the distance NS = I, and let K = I'S.k, = - II.k' ; this

quantity K is called the "magnetic moment." By the theory

of parallel forces, if we suspend the magnet in a uniform

field of strength R, the action upon it reduces to two forces

RSk and - R2k, each parallel to the direction of the field,

acting respectively at N and S, in other words to a couple

whose moment is RSx^sinx or RRsin^, where x ^ ^^^
»-»

angle between SN and the direction of the field. Hence,

if the magnet be perfectly free to follow the magnetic action
»-» »-»

of the field, it will set so that the line SN or the line NS
is parallel to the direction of the field, the equilibrium

being stable in the former case, but unstable in the latter.

The line NS is therefore parallel to what we have already

defined on experimental grounds as the axial direction iu

th« magnet. N, S, and NS are sometimes called par
excellence the poles and the axis of the magnet ; we have

adopted the looser definition given above because it is more

•convenient and nearer the popular usage.

The above results maybe applied to some cases very important In Then'-t

practice. Let the magnet whose centres of positive and negative of

magnetism are N and S be suspended by the middle point of NS, dippiw

rhich, for simplicity, may be assumed to be also its centre of needJi-

gravity. Let OX (fig. 20) be a horizontal line drawn northwards, OZ

Fig. 20.

a vertical drawn downwards, both in the magnetic meridian. Let

the vertical plane through NS make an angle $ with the magnetic

meridian, and let ON make an angle ip with the horizon. If R be

the sti-ength ot the earth's magnetic field, and i the angle of dip,

then the horizontal and vertical compouenta of the earth's force aro

H-R cosi and Z-K sini.

First, supf-^e the angle (p fixed, and the magnet free to rotate

about OZ only ; then the couple tending to diminish the angle 9 ia

2. 2k. Rcosi— cos ij) sine, or KRcosicos^sinfl.

In other words the directive couple varies as tlie sine of

the angle of deviation from the magnetic meridian. Thb-

conclusion was verified experimentally by Lambert, and

also by Coulomb- by means of his torsion balance. It

will be seen that, rjvteris paribus, the directive couple is

greatest when the magnetic axis is horizontal

* Mim. delAcad., 1785.
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KE(y'M-A), KIH\'y-y\), KR(A-aV) (2).

by an
infinite

number
of in-

finitely

email

Next suppose tlic nnglo 6 fixoil, nnJ tlio ma^iiel free <o rotnte

about a horizontal axis inclined at an angle 90"- fl to OX. The
couple lending to diminish the angle tp is Kll (cosi cos9 sin(;)-

eini cosi^). The position of eciuilibrium isgiveu b; the equation
tan^ — sccStani.

The angle at which the axis is depressed below the I

horizon is therefore least when 6 = 0, and greatest when
^=90°, its value being i in the former case, and 90° in

the latter, as stated above, p. 221.

In general, if A', /i', v" and A, /i, v he the direction cosines of the
direction of the field and of the axis of the magnet respectively, then,
resolving the forces acting atN and S, we see at ouco that the tliieo

components of the magnetic couple are

These are clearly the same as the components of the couple on a
system of three magnets whose axes are parallel to OX, OY, OZ,
and whose magnetic moments are Ka, K/i, Kv. Hence, so far as the
action of a uniform field is concerned, we may resolve the magnetic
moment like a vector, and replace a given magnet by others the
resultant of whose moments is the moment of the given magnet.

It appears therefore that in a uniform field every magnet
behaves as if it were made up of a certain quantity of

positive magnetism and an equal quantity of negative

magnetism placed at such a distance apart on a line

parallel to the magnetic axis that the product of the

quantity of magnetism into that distance has a value equal

to the magnetic moment of the magnet. It is very im-
portant to observe that the magnetic moment alone appears

in the above formulaj for the magnetic action. We can-

not therefore separately determine from observations in a

uniform field either the quantity of positive or negative

magnetism in a magnet or the distance between the

magnetic centres of mass.

Finite Let M be any magnet, and P a point whose distance from
magnet any point of M is infinitely great compared with the linear

Ilfil?^*^
dimensions of M. Then, since all the lines drawn from P
to different points of M are sensibly parallel and equal

in length, we may suppose the positive and negative

magnetism of M to be collected at their mass centres, i.e.,

M to be replaced by an ideal magnet. It is also obvious

magnets ^^^^' tbroughout a region around P whose linear dimensions

are of the same order as those of M, the field due to M may
be regarded as uniform. Hence we conclude that in cal-

culating the mutual action of two magnets M and M' we
may replace each of them by an ideal magnet, provided the

distance between them be infinitely great compared with the

linear dimensions of either. This condition may be satis-

fied either by making the distance between the magnets
very great if their dimensions be fiiiite, or by making
their dimensions infinitely small if the distance between

them be finite. The second alternative suggests at once

a method for representing the magnetic action of magnetized

bodies at finite distances. We may divide up the body
into portions whose linear dimensions are infinitely small

compared with their distance from any point at which
their action is to be considered ; each of these portions is

Itself a magnet, and may be replaced by an ideal magnet
having the same axis and moment. The whole magnetic
action is obtained by integrating the action of all the ideal

magnets of which the body is thus supposed to be com-
posed.

Let X, fi, vbe the direction cosines of the magnetic axis of

any element dv of a magnet, and I such that Idv is the

magnetic moment of the element, and let I\ = A, I/x = B,

Iv = C; then I is called the "intensity of magnetization" at

the point where the element is taken. I may be regarded

as a vector which specifies the magnetization of the body

;

in general it varies continuously from point to point; if it

has the same value and direction at every point, the body
is said to be uniformly magnetized. A line drawn so that

the direction of I at every point of it is tangential to it is i

called a " line of magnetization." It is clear fiom what has
already been shown thit we may if we choose replace the
element dv by three ideal magnets whose ases are parallel
to the coordinate axes, and whose moments are Adv, ^dv,
Cdv respectively.

If tlieu K bo the magnetic moment of the whole magnet, SK the
moment of any clement So, and p, q, r the direction cosines of the
axis of the whole magnet, we have K = ;2k, = -IXk' ; and, remem-
bering that «'•=• ~K .for every element,

"V Sk~ 2k' ) l~
fczr)

IXk

2(5KjO

K "

2Ia5w 2A8g
K

We may therefoie write, replacing summation by intcgi'ation,

^P-.W'^<lv, Kq^ff/Udu Kq=///Cdv . . (3).

LetSN beau ideal magnet of infinitely small length /, lct)n bo its

magnetic moment, and m~Kl. Let Q bo its middle point, and the
angle PQN = 9, N being the positive or north-secldiig jiolc ; and let

QP= D. Then the potcutial at P due to this magnet is

«{ D^-D/cosfl + y}"*-*! D"- + D/cose + li'
}"*

Expanding and neglecting powers of ~ above the first, wo get fo»

the potential

»icoa9

Hence the potential at P ({, »;, of an infinitely small magnet
Kdv at (x, y, z), having its axis parallel to the axis of x, is

A ({ - xyO', and similarly for the other two. Wo therefore olAiiu
for the potential of the whole magnet

V
~J^{

A({ - X) -f B(, -y) + C{( - z) ]
i rfp

Poteniia)

of in-

(initf'y

snr.ill

magnet

1

u

(4).

Potential

of fiiillu

mag;:-;.

:^!^#«#^o#)
di

dv

JIM
d d

^di+I'dy^ i\-^''

(6).

Taking the second of these expressions and integrating by parts
in the usual way, we get

where r = /A + mB + JiC = I cos 9

^_/'(/A rfB dC\
\dx dy d:

)

(6),

t, m,n being the direction cosines of the outward normal to any cle-

ment rfy of the surface of the magnol;, and 6 the angle between the
normal and the direction of magnetization at rfS.

Hence the action of any magnet may be represented by
means of a certain volume distribution (p) and a certain

surface distribution {a) of free magnetism. This important

proposition is due to Poisson.^

The fact, in itself obvious, that the sum of all the magnetism of

Poisson's distribution must be zero, gives the theorem

Poisson'a

distribu-

tion.

lA
dji. <£B rfC

dx d>j d;̂
)''"'

"J/'^^'^
+ '"B + «C)rfS

(7),

Icoserfs

which admits of course of direct analytical proof.

Tne magnet may also be replaced, so far as its external

action is concerned, by a distribution wholly on its surface,

OS was shown by Gauss.^ This will be seen at once if we
replace the positive and negative magnetism throughout

the body by positive and negative electricity, and suppose

the surface of the magnet covered with a conducting layer

in connexion with the earth. The surface will thus become

charged with a distribution • of positive and negative

electricity whose total sum is zero, such that the potential

of the surface is zero, and hence the potential at every

external point zero. The potential of this surface layer

' Mem. de Clnstitiil, torn, v., 1821.
= Intensiloi Vis, § 2 (1832), and AUgaixeine LehrsuXte, § 36 (1830),
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at eVtij point external to the body is therefore equal and

opposite to' that of the internal electricity. If, therefore,

jWe change the sign of the surface density at every point,

we obtain a surface distribution whose potential at every

external point is the same as that of the body. There is

of course only one such distribution: we may call it Gauss's

distribution.

Poisson's distribution will coincide with that of Gauss
provided the magnetization be such that

ax dij dz

when this condition is satisfied at every point of the body,

A is said to be " solenoidally " magnetized; a particiilar

case is that of uniform magnetization.

So long as the point considered is external to thq magnet
there is no diflSculty in attaching a definite meaning to the

resultant magnetic force (§) at a point; its components

are given by
dV „ dV rfV ,Q,

dx dy ' dz,

and the values obtained will be the same whether V be

calculated by means of Poisson's or of Gauss's distribution.

Inside the body the result is otherwise, for reasons that are

not difficult to understand, when we examine the nature of

our fundamental assumptions. It is therefore necessary-

to be careful to define what we mean by resultant magnetic

force in the interior of a magnet. It is defined by the

above equation (9) on the understanding that V is calcu-

lated from Poisson's distribution. We can show that ^
thus defined is the resultant force in an infinitely small

cylindrical cavity within the magnet, whose axis is parallel

to the line of magnetization, and whose radius a is infimtuly

small compared with its axis 26.'

The removal of the matter fillinj; snch a cavity will aflect

Toisson's volume distribution to an infinitely small extent ; the
alteration of the force if any, will therefore arise simply from the
surface distribution which we must place on tlie walls of the cavity

in order to make up the complete representation of Jhe action of the
magnet in the cavity. This distribution reduces to two circular disks
of radius a at the two ends, the densities of the magnetism on
which are — I and + 1 respectively. The action duo to these is a

force 47rl(l - b/\/a' + b") in the direction of magneti2ation. If a be
infii)itely small compurod with 6, this force becomes zero, which
proves our proposition.

If, on the other hand, the cavity in the magnet be disk-

shaped—say a narrow crevasse perpendicukc to the line of

magnetization—then the force due to the distribution on its

walls becomes 47rl, and the resultant force in the cavity

is no longer p, but a force g, whose components are

a = o + 4jrA, l^e + inB, cyi-i-n.C . , (10).

15 is called the " magnetic induction " at- the point (x, y, 2).

From the definition of fi it follows tliat outside the magnet

fll).

inside
dx ay dz

da d$ dy
2x dy dz

iito

\dx dy dz j

(12).

At the surface of a magnetized body the tangential com-
ponent of 5|iis continuous, but the normal component
increases abruptly by 47rlcoa0 in passing from the inside

to the oulside of the surface.

Oiitside magnetized matter the magnetic, force and the'

magnetic induction are coincident. Inside we have
(Ti.

^ db ,
dc da ,

d0
dx Sy dz dx dyij dz \dx dy <lz /

Hence the magnetic induction satisfies the solenoidal con-

dition both inside and outside magnetized matter. It has
Torjual continuity, and, in general, tangential discontinuity,

ut the surfc.co of a niugnotized body.

For if V, T and 71, < be the nbrmal and tangential components o'
and S just ii:side, and >/, t' and n', ( the corresponding coniponHBf?
just outside the surface near any point, we haven — y-t-lirltos^janH
Ji'-i/'; but »'-!/ + 4irl cos 9, therefore n = n'. On the other hanA
t'^'C, whereas t is the resi^ltant of i and 47rl6in9, which is parallel
to the surface, but otherwise may have any direction according to
circumstances

; hence, since f = <, in general r' ia not equal to t.

•In fact there will be tangential discontinuity of the
magnetic induction unless the line of magnetization be
perpendicular to the surface of the magnet ; in this case
there is complete contiauity of the magnetic induction.
When the magnetization at the sjirface is tangential, there
is, on the other hand, complete continuity of the magnetic
•force.-

It follows from the above that the surface integral of
the magnetic induction taken over any closed surface S
vanishes.

First, let the surface be wholly within or wholly without con-
tinuously magnetized matter. We have, integrating all overS and
all over the space enclosed by S, the analytical theorem

hence the result follows, for every element of the right-hand integral
vanishes. Next, suppose S to be partly within and partly without
a magnetized body. Divide it into two parts by a double partitioa
one of whose walls runs outside the surface of the body and
infinitely near it, the other inside and infinitely near it ; then, on
account of the normal continuity of '§, the surface integral will
bo the same in absolute value over each Of these walls. Hence the
inte^-al over the whole of S differs infinitely little from .the sum of
the mtegrals over the two surfaces into which it is broken up by
the double partition, each of which vanishes by the former case.
Hence the theorem holds in this case also.

We may therefore apply to lines and tubes of magnetic
induction without restriction all the theorems proved for
lines and tubes of electric force in space free from electrified

bodies. We may speak of the number of lipes of magnetic
induction instead of th'e svrrface integral if we choose. And
we have this important theorem :

—

The 7iumber oflines of magnetic induction that pass through
an tindosed surface depends merely ori its boundary.

There must therefore be a vector gi, whose line integral Vecto'

round the boundary is equal to the surface integral of IB Po'o"'

over the surface. ^'''-

The components F, G, H of §. are connected with those of $ by
the ei^uations

rfH dG ^ dF dH dG dF „,.
'^-^-dTj • • (^^'•dy

dG ,

dz dx '

dx

as has been shown in the article Electkicitv, vol viii.' p. 69.
Mutual potential energy and mutiuil action of two magnetic Mctun.

systems.—Tlie potential energy of a small magnet is /((V,-. V,), potentii

T\here V] and Vj are the valuesof Vat its negative and positive poles, energy
If the magnet be infinitely sniall, of length d-s say, the direction of two
cosines of af.s being \,ii,v, this may be written ndsdV/ds, i.e., mdVjds, magaeti
or, if we are considering a maguetized element of volume dv,

lUdV
dx

+ /«

dX
dy

+ f
dz.

\dv. (16).

Hence the potential energy of the whole magnetic system in a field

whose potential is given by V is

-£^»f'<=S)\dv'.

07).

the integration being extended all over.the magnetized masses sup-'

posed to be acted upon. Integrating by parts, wo get at once

vf-//v;rdSi-///Xpdv as),

* and p being the surface and volume densities of Poisson's distri-

bution, a result that might have been expected. W may also b^
expressed as a sextuple integral ; for, if I', \', /, »', x', \f, \l refer
to the acting system, then
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I ,d ,d , ,d\\
(19).

-iTremarkable expression for W may be obtained by supposing

tlie integration in (17) extended throughout the whole of space, on
the understanding that A, B, C are zero where there is no
magnetized matter, and then integrating by parts. We get, since

the surface integral at infinity may be shown to vanish,

•w
.dV dV dV
dx dij <iz

,

#(
" ~JJJ ^ I rf^ ' riy

Ji)
,

d\i dC\
,

(20),

where it must be understood that A, B, C vary continuously, how-
ever rapidly. In point of fact, where, as at the surface of a
magnetized body, there is discontinuity, a finite portion of the
integral will arise from an infinitely thin stratum near the surface.

The proper representation of this part will be a surface integral, as

may De seen by referring to (18), from wliich we might have started.

If now V be the potential of the magnet acted upon, then.

rf^V <PV' d'-V ,

whence
dx'

*"
rfy'-i

*"
rfs*

W <P\'

dx' dy-

fd\ rfB rtC\
.

[dx'^dy'^ dz) '

rv\,dV dV dV (IT

dx dx dy dy d:

dV dV\
(21),

cos9 dv •

where K and R' are the resultant forces at any point of space due to
the acting and acted-upon systems respectively, and 9 the angle
between their directions.

In practice \f is expressed as a function of the variables (equal in
number to the degrees of freedom) that determine the relative
position of the two systems ; differentiation with respect to any one
of these then gives the generalized force component tending to
decrease that variable.

We may also calculate the forces directly. For, the components
of force on the element dv, being the differences of the forces acting
on the two poles of the clement, are

(a|+b^+c
dy

'£)dv, &c ;

and the components of couple, in calculating which the field may
be supposed uniform, are (see above, p. 228)

{yB-0C]dv, &c.

Hence, integrating, we get, with the chosen origin, for the com-
ponents of the whole force and couple,

da
. „(/a r>da\ ,

dx dy^ J//["dx • "dy ' "</,-/

and similarly for g and ?.

I=^j.B-.C.,(Ag.Bg.c|)

and similarly for 35 and 2J.

(22).

In the important case of a uniform field whose components are
a, 0, y, we have

•W=-K{la + m$ + ny) (23),

E being the moment of the magnet, and f, m, n the direction cosines
ol Its axis. From tais formula the results given above (p. 227) can be
deduced with great ease.

vi- ../i-' ""

Examples.—Some examples of the application of the
foregoing theory are here given, partly on account of their
intrinsic value as types enabling us to conceive the differ-
ent varieties of magnetic action, partly for the sake of the
"gPt tliey throw on the theory itself. The reader who

'See Thomson, Rfprinl o/ Paper: <m Ehririeil]! and IfagnelUm, p. 433.

desires moie such should consult Maxwell's Electricity

and Magnetism, or Mascart aud Joubert, Lejoits sur

l'£lectricite el le Mogititisme.

Solcnoiddl Magnets have already been defiucd as such that the

vector I satisfies tbo soleiioidal condition

dX (TG dC
dx dy di

0.

The lines of magnetization, therefore, have all the properties of

lines of magnetic induction or electric force. In particular, if wo
consider a portion of the magnet enclosed by a tube of the lines of

magnetization, the product of the iutcnsity of magnetization bytho
section at each point is the same. Such a portion of magnetized
matter taken by itself is called a "magnetic solenoid," and the pro-

duct mentioned is called its "strength." It is clear (from the general

definition, or it may be proved directly from the secondary projicrty

just mentioned) that the action of the solenoid may be represented

by the distribution of a certain quantify oil of positive moguetisin
ou the one end and nn equal quantity of negative magnetism on
the other, I being the intensity of magnetization, t» the normal sec-

tion at the end. The action thereloro depends merely on the
strength of the solenoid and ou the position ol its ends. The shapo

of the intervening portion is immaterial. If we suppose it straight,
and if the section be infinitely small so that the magnetism at the
ends may be regarded as condensed at two points, we have an ideal

^magnet of finite length. The equipoteutial lines of such a magnet
in any plane through its axis are of course given by the equation

; = const (24),

where r and.j-' are the distances of any point Pou the line from tho
poles.

The equation to the lines of force is easily obtained ; ' for, if NP
and SP (Hg. 21) make angles fl and fl' with the axis of the magnet,
and (p aud <j>' with the line of force, we must have

sin (^/»^ - sin <p'lr'°=' ;

hence, since

sia0 = rrf9/c?s, s'm(l>'=r'd$'/ds,

we get

de/r -de'/7-'= ; i.e., siuerfe-sinSW^O;
which gives for the equation to a line of force

cos 9 -cos 9' = const. '

(25).

We may imagine a magnet of this kind so long that the action
of one of its poles may be altogether neglected at points which are
at a finite distance from the other. AVe thus effectively realize what
never occurs in nature, viz., a magnet with one pole only. If we
place the like poles of two such magnets near each othei-, we get a
field the equipotcntial lines and lines of force in any axial plane of
which are given by the equations

const (26).

C0S9+ cosfl' = const (27).

Tlie lines of force given by equations (25) and (27) may be traced
in a diagram by means of the following simple and elegant construc-
tion.' Draw two circles A and B, having equal radii and N and S
respectively for oontres

;
produce the line NS both ways, and,

starting from the centre, divide it into any number of equal parts
;

through these draw perpendiculars to meet the circles A and Ji

;

-^4^

*The first mathematical investigation of thc.cfioation to the lines nf force of
an ideal macnet appear to Iia\'c bctn mmlc by rlayfair at the n-qucsi of flobi-win,

and by Leslie, Oeom. Anali-six, I8lM. They had previously been very CHiefiilly
consiiiered from an experimental point of view by Lambcit, Atem. de I'AcaU t/#

Bohn, 1706.
3 Kogct, Jour. Ro>i. Inst., 1831,
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I

Irom N draw a series of lines to the points of divisioil on B, and
from S a similar scries to the points of division on A. These lines

will form a network of lozenges the loei of the vertices of which
nill be lines of force, corresponding to (25) or (27) according as we

mind of the reader acquainted with the analj-sis employed in hydnj-
kinetical problems the close analogy that subsists between the two
methods. In fact, by proper arrangement, every problem in the
one subject can be converted into a problem in the other. For
details we refer the reader to Thomson, who was, so far as we know,
the first to work out this matter fully ; in the present connexion
he should consvdt more particularly §§ 573 sq. of the Reprint.

Fig. 22.

pass from point to point along ono set of lozenge diagonals or along
the other. Fi". 22 will give the reader an idea of the general

appearance of the two sets of lines. He may compare the ideal with
the actual cases by referring to figs. 4 and 5, p. 222.

In the case of an infinitely smali magnet, theeqnlpotential lines are

of course given by the polar equation r-=c- cosfl, c being a variable

parameter. It is easily shown that the lines of force, which are

^
Necessarily orthogonal to these, have for their equation r = c sin-9.'

'

If (() be the angle between r and the tangent of the line of force, we
have tan0 = rd9/rfr = J tan9 ; henco the following construction for

the direction of the line of force at P due to a small magnet at :

—

let K be the point of trisection of OP nearest 0, and let KT, per-

pendicular to OP, cut the axis of the magnet in T ; then TP is the

tangent to the line of force at P. This construction in a slightly

different form was given by H,ansteen- and. by Gauss ^ ; the latter

adds that the resultant force at P is given by M.PT/OT.OP^ where M
is the magnetic momeut of the ma|^et, a proposition which the
reader Trill easily verify. These propositions are of considerable use

in rough magnetic calculations. As this is an important case wo
give a diagram of the equipoteutial lines and lines of force in

fig. 23.

We may, if we choose, consider a filament of matter magnetized
longitudinally at every point, but so that the strength «I ( = J, say)

is variable. Such a filaraent is called a complex solenoid. It may
clearly be supposed made np of a bundle of simple solenoids whoso
ends are not all coincident with the ends of the filament. If da be
an element of such a filament, the potential is given by

(28).

That is, its action may be represented by two particles of
magnetism Jj and Jj at its. two ends, and by a continuous distribu-i
tiou of free magnetism along its length whose density is -dl/ds.
This is of course merely a particular case of Poisson's distribution.
When a body is solenoidally magnetized, the magnetic force

jl] both external and internal depends solely on the surface distri-

bution, i.e., merely on the ends of the solenoids of which the body
is composed. Wo may therefore suppose the two ends of any
solenoid joined by a solenoid of equal strength lying in the surface
of the body. Proceeding thus, we may in au infinite number of
ways con.<itruct a surface layer of tangcniinUy magnetized matter
which will represent the magnetic action of a solenoidally
magnetized body. Thomson has sliown by means of a highly
interesting piece of analysis how to find the components of this
tangential magnetization. See RcpriM of Papers o>i Ekctricilij and
Hagtustism, p. 401.

The magnetic theorems just stated will suggest at once to the

J Hnnstccn, JJngnelismm dfr Ei-ttf, p. 208 (1819).
» UafjiHtismiu drr Eiftf, p. 209.
3 RauUatc d. Mag. Vtnlu; 1637 and 18M.

Fig. 23.

Vniforvdy ITagnetiied Bodies constitute in practice the most im- Potential
portant cpse of solenoidal magnets. In the first place it is obvious of uni-
that the "whole magnetic moment of such a body is simply its volume formly
multiplied by the intensity of magnetization, and that the axis ofmagnet-
the whole is parallel to the axis of each of its infinitely ^all parts, ized

The method usually applied to calculate the potential in this case bodies,
may be presented in two ways. The potential is calculated accord-
ing to Poisson's method in

this case merely from a
surface distribution of vary-
ingdensity Icosfl. We may
replace tliis by a layer of

uniform density p and vary-
ing normal thickness. Let
the thickness at any point
measured parallel to the
magnetic axis be t ; then
the normal thickness is

icos9; hence ^cos0»
IcooS, and pl = \; i.e., t is

constant. We may there-

fore Suppose the magnet
replaced ny itself (fig. 24)
with a uniform volume
distribution p of positive

magnetism, and itself dis-

placed through a distance < in

magnetization with a uniform volume distribution -p; or, which
comes to the same thing, the potential of the magnet at P is

p{V - U'), where U is the potential at P of a uniform volume distri-

bution of density -Hi throughout the magnet, and U' the potential
of the same at a point' P' displaced through a distance ( in the
direction of magnetization.

If I, m, % be the direction cosines of the magnetic aiis, this gives
at once

Fig. 24.

direction opposite to that ol

/rfU,,
,
dU, dV

^'-"W^+w/'^'-d tn

-(l-=- + m,-r- +
ax dij

dU\

-AX-i-BY + CZ

(29);

where X,Y,Z are the components of the resultant force due to volume
disttibution p- + 1 throughout the body, and A,B,C the components
of the magnetization.

The same result may also be arrived at thus. The part of the
potential duo tn the element dv is Irfv cos fl/r', but this is the com-
ponent parallel to the directii>n of t of the resultant force at P of a
vclume distribution whose density in cfv is I ; hence, since the
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direction of I Is everywhere the same, the whole potential Is the

eomponent parallel to the magnetic axis of the body ot the resultant

force at P of a volume distribution p-I throughout its v/holo

extent. This gives at once the expression ot (29) for V.

In the case of a uniformly magnetized sjihere of radius n, the axis

facing parallel to the axis of x, and the centre at the origin, we get,

if )• be the distance of P from the origin, for external points,

V-J^laV/)^ (30);

iu other words, the external action is that of a m.ignet of infinitely

small dimensions, having the same mcment and a)ds, placed at the

centre.

For internal points

V-JtU (31);

whence it appears that the magnetic force inside the sphere is con-

stant in magnitude and in direction, being opposite to the uniform

magnetization, and equal to — Jirl.

The potential of a uniformly magretized ellipsoid may he simi-

larly treated. Let the origin be at the centre, and the axes along

the principal diameters of the ellipsoid, whose lengths are 2a, 2*,

Sc, and let I, m, n be the direction cosines of its magnetic axis.

Consider first an external point. Then,' if

•L^iirahc/"'

,

^'^
M=.S:c., N-ic. (32),

-/a V (a''' -H <fi)-'(A» + <fi)(r -K}>)

where a is the positive root of

3?

from a function ip{x, ij, c), which is sometimes called the "potential
of magnetization," - so that

d^
(37).

It is obvious at once that the family of surfaces tp{x, ij, s) = const,

cut the lines of niagnetiziition at riglit angles
, for, if dx, dij, dz be

the projections of the element ot any line on the surface, wn have
by dilTerentiatiou

dx
= 0.

we bavo

and

a- + <i>'^b-'-i^<t>'^c'' + <p'
= 1.

(33>,-

where

M = &c., N= &c. . (34).

where it must be remembered that L, M, N are functions of x, y, z,

inasmuch as a is so.

If {x, y, z) be an internal point, X, Y, Z are the components of

the force due to a similar and similarly situated ellipsoid through

<x, y, z). Let its axes be pa, pi, pc ; we now have

X-La:, Y = M2/, Z = Nj,

or, writing ^'='p^,

L - l^ah-r

,

^^
,

y, V(«= -1-^)^(6= -^;^)(c'' -I- ^)

We thus obtain for V,

V = ALa;-l-BM»/-l-CNs, (35),

where L, M, K are now constants, which remain the same so long as

the ratios of the axes remain unaltered. The components of the

force inside the ellipsoid are

a=-AL, /3=-P,M, 7=-CN . . . (36).

The force is therefore uniform ; but its direction does not coiKcide

with that of the magnetization, unless the latter be parallel vo one

of the principal diameters, and then the force is opposite in direc-

tion to the magnetization. It will be observed that tlio force inside

similar ellipsoids similarly loagnetized to the same intensity is

always the same.

For an oblate ellipsoid of revolution, iu which J = c = o/Vl- e',

L = 4t(^-^-—^5— sin-'ej, J[ = N-2-r(^-^5—sm-i<:--^j.

For a very flat oblate ellipsoid of revolution L = 4ir, M =N = ir'o/c.

JFor a prolate or ovary ellipsoid of revolution, in which

n = 6= cVl -C-,

.=M = 2.(4--|!logl±f)

From the formulte for an ellipsoid we could easily deduce those

for an infinitely long elliptic or circular cylinder ; we have merely
to m.ake one of the axes infinite. We find in this way, for instance,

that the force inside a circular cylirder of infinit^length magnetized
transversely is - 2irl.

The reader will find it' interesting to examine the values of the

magnetic induction in the foregoing cases, and to verify its normal
continuity at the surface of the magnet.

Lamellar Magnets form another very important dags. In them
the components of magnetization are derivable by differentiation

' See Thomson and Tall. Natural PMtotophti, vol. I. S S22.

Sc,

dy ^ dz

ic, Adx + lidij + Cdz = ,

which is the analytical expression of the property in question. Wo
may theri^fore suppose a lamellar magnet divided up by these sur-

faces of magnetization into an infinite number of infinitely tliiu

normally m.ignetized shells or iamcUw. It can be shown that the

p>roduct of the intensity of magnetization by the thickness at each
p^iDt of at'y «iich shell is the same ; for, if tp[x, y, :)"=c and (p{x, y, j)
— < Jc bo the (^notions to the two surfaces bounding the shell, S'r

the normal distance between them at any point, we have

dx dy •' dz

henoo
/rfd) dx dii dy d<p d: \,

\dx dy dy di/ dz dv ]

i.e., I5»' = 5c = constant for the same shell, vhich was to be proved.
This product is called the strength of the shell.

A shell, which is everywhere normally magnetized, but whoso
strength isnot constan*, !«ealieda "complex shell" ; a magnet made
up of such shells is called a "complex lamellar magnet." The con-
dition to be satisfied by A, B, C iu this case is simply that the lines

of magnetization must be orthogonal to a family of surfaces, i.e.,

Adx+ Rdy-^-Cdz must be convertible into a perfect dilTerential by
multiplication by a factor ; otherwise that

The potential at P of a simple magnetic shell of strength i is

given by the formula

_. /7*teoserfS ./YdScose

D»
fS8)

where u is the solid angle subtended at the point P.' There is a
convention here as to sign, viz. , that side of the shell is positive

towards which the lines of magnetization pass, and the solid angle

subtended at points infinitely near that side is positive, while that

subtended at points infinitely near the other side is negative. If

we cause P to move from the positive side away to infinity, then
back from infinity to the negative side, or to move anyhow from
infinitely near the positive side to a point infinitely near the nega-

tive side without cutting through the shell, it will decrease con-

tinuously by 47ri ; if we pass through the shell from a point

infinitely near on the negative side to a point infinitely near on the

jiositive side, Ibcre will be a sudden increase of iri ; tangcntially t*

the shell there is continuity. The potential of a closed shell is

evidently zero for any external point, ±47ri for an internal point

according as the positive or negative side is innermost. It appears

also that the potential of a simple magnetic shell depends merely

on its strength and on its boundary, just as that of a magnetic

solenoid depends merely on its strength and the position of its

ends.

A lamellar magnet will in general be made up partly of closed '

shells, and partly of shells whose boundaries lie on the surface ;

only the latter of course can influence the potential at external •

points. The general expression for the potential at any point *

!(?, 1. is

',1^

\.dx

r-

<i).,ii).,ii)l^d±
dx dy dy

d<p l)dv

+m '^-'''^h-/I*-{i}
(39>,

dy

/y*d)Cosfl ,„ , ,

"J/
^dS + iT^'

where 6 is the angle between D and the outward normal to dS, arid

<p' the value of (p at the point {, v, ( (z""™ of course if |, tj, C he outside

the magnet). The value of V thus found is not discontinuous at

the surface as might be supposed, for both the surface integral ant*

2 To be dislingulshea ot course from the mognellc potentla),

3 Causa, Atlgimeine Thtane det Eidmagnetismus. i 38.
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Aw(p' have discontinuities there, and they are eqaal in amount ami
of opposite sign.

For an external point the potential is

//
'<pQOS9

D2
trfS.

Voctor

|)oten-

Licl of

Uinellar

indguet

The immediate interpretation of this is that the potential is the

same as that duo to a normally magnetized layer on the surface i.f

the body whose strength at rfS is <;> ; in other words, qiia external

(•"-•ion, every lamellar magnet may be replaced by a complex shell

on its surface.

There is, however, another way of looking at the result. Since

A, 15, n are derivable from a potential <p, the diflercnce between the

values (fiat any two points is simply the value of the iine integral

/"(ArfjT + Brfy + CV;) along any path between those points. Hence

if the tangential component of magnetization be given in direction

and magnitude all over any surface, the value of tp, a constant J'ris,

is given all over tliat surface. AVe conclude therefore that, if a body

be lamellarly magnetized, and we know the tangential component

of its magnetization all over its surface, its external action is detcr-

muicd
i

' for a constant c added to (p will simply add to the surface

integral

which, being c times ii.e whole solid angle subtended by the surface

at any externa! point, vanishes. Fur another very interesting proof

of this result, zee Tboinson, Rrin'int, p. 398 sq.

Tlie vector poter.tial of a lamellar magnet may bo expressed by

means of the fuimulu!

r-#-(f^lP-a4p>"

'(i)
I — r—• I(eb

MOj.

Poten-

lial

energy of

fiiii}^iietic

Approxi-
niatd

expres-

ijiou for

magnetic
pctea-

tiaL

These formula; furnish an immediate proof of the theorems of

Thomson above stated.

By means of the last of them, it has been shown in the article

ELECTniciTY- that the vector potential of a simple magnetic sliell

can, as might bo expected, be expressed by means of a line integral

taken round its boundary ; in the .same place it has also been shown
that the potential energy of such a shell in a magnetic field reduces

to a similar line integral ; and that tlie mutual potential energy of

two such shells reduces to a double line integral taken round their

boundaries.

An important approximate expression for tho potential of a
magnet at a point P, whose distance r from some chosen point in

tlie magnet is great compared with the greatest linear dimension of

the m.agnet, m.-iy be obtained as follows. Let the coordinates of P
with respect to tho chosen point .and any axes through it be {, tj, (;
and let tho coordinates ol any point in the body referred to tlie same

axes be ar, I/, r. Also let D- |(4-a;)= + (ij-y)' + (f - :)= }', and

let »•-({= + T|= + <=)*, s = {x-+f + z')\ t = ix + ny + C-- Then the

potential U at {x, y, z) of a unit polo placed at ({, ?;, f) is given by

1 3<2 - rV 5«' 3/rV

2r'
+ i;c.

kc, are spherical

2, -3, -4, &c..

=— + U, + U„ + U3 + &c.,

by a wcU-known theorem, where U„ IT., tJ,,

^larmouicsof degrees 1, 2, 3, &c., in x, y,z, ana
'n {, 7), C Now, by tlic theorem of mutual potential energy, the

potential V of tlio niagn"t at ({, tj, is the potential energy of the

luagnet in tho field duo to a unit pole at ((, tj, f); hence by (17)

-V, + V, + V, + &c. '

where V, arises from U„ V,, from U„, and so on. V„ V., V3, &c.,

will bo splierical harmonics in {, tj, ? of tho most general kind,

involving essentially 3, 0, 7, . . . 2i + l constants respectively,

their degrees being -2, - 3, . . . -i respectively. Theso con-
stants will, however, dc|>cnd in each caso on a lafger number of
integrals taken throughout the magnetized body, thus tbo constants
in Vj will depend upon !(i + l)(i + 2) integrals.^ There is no dilli-

* sir W. Tliomaon, lieprtnt of Paptrt on Electridtu and ifaanetilm, p. 502.
'Vol. \U1. p. 00.

• This fact lii a fiirtlicr proof. If (hat wero wnnted, that ttic niaelictlz:itli-n of n
body cuiiiiot be dctcnnlncil fiuiu Its cxlunutl actloa.

culty in writing down these terms except the leiiftli of tlie fonmilse.

Putting

jr//Ado = K!, fffV,dv=^m, ///Cdv'-Kn •

\.~///krdo, •il=f/f\iydv , ^^/f/Czdo

?=///(Bz + Cy)dv, Q = &c., R-&C.

«2),

we get

V j^;
{-f>»7)-HiiC ,(2L- H -y){' + &c. + 3P,C+& c.

^ ^
. (^3j^

It may bo shown' that, in tho most general case, if we take the

axis of X parallel to the magnetic axis, and the origin at the point

{(2L-M-N)/2K, D/K, Q/K},

and turn the axes about an angle tan -'P/(M
reduces to

v3.S^
N), the above

. . . (44;.

An interesting particular case is that in which the magnet is

symmetrical with respect to the three coordinate planes. If wo
take its axis to be in the axis of x, then, since all the integrals

L, M, N, P, Q, R vanish, \j, disappears, of the next set only

A,=///Ax^dv, A.'///Ay'dv, A^^J/fAz'd« . (45)

remain, and we get

3{A,(2i^-3r-3^) + A.,flr-C"-t') + A3(<C-{'-r)}t
2r'

(46).

f47).

The potential to tho same degree of approximation of a positive

and negative pole of streugth ^, placed on tlie magnetic axis at

distances -t-L and - L from the origin (centre of symmetry), is

^ ' -,'" +
2?

If we attempt now to find /i and L, so that the two magnetic Ideal

systems may be equivaleut, we find different values for L for represen-

dilferent positions of the exterual point. If, however, the magnet tative

be symmetrical about its axis, so that A.^-Aj, then the expression magnet,

for V reduces to

„ Kr 3(A,-A„)|( 2{' -3^'-3r)

wethenget2fiL=K,and2ML3 = 3(A,-A„),\yhenceL'' = 3(A, -A5VK.
In other words, in the case of a magnet which is sj-mmetrical about

its axis and also about an equatorial plane, wo can represent the

external action by means of a fixed ideal magnet, provided higher

powers of the ratio of the greatest linear dimension of the luagnet

to tlie distance of the point considered than the fourth can be

neglected. It is to be observed, however, that if A,<A3 the

length of the ideal representative magnet will be imaginary.*

A convergent series for tho mutual potential energy of two Series for

magnets M ami M' may be obtained from the sextuple integral of mutual

(19). Let the origin lie a fixed poiut in Jl, and let the coor- potential

dinates of a fixed point 0' in M' with lefercncc to a set of axes fixed energy,

in be (, v, f ; further, lot ,r, y, z nnd.r'. 1/', z' be the coordinates of

any elements do and dv' in U and M', the axes being in the ftirmer

rase the system already indicated, in the latter a parallel system

through 0'; then, if rdcnote ({- + »)= + <,")'> ^^'^ 'i> 5-> Sj stand for

^ ,± '^^
, we have

di'dr,' dr
\V= -/dv/dv'{A5i + BS.i + CSi){A\ + h\ + C\)fl- + 2i/„V

where u,,

I

{xf-x)S, + {y'-y)i,+ (2'-J)53
|
"1;

W = -U', + W, + '^3 + ('8),

where W,, \V„, W3, are spherical harmonics in {, ij, ( of degrees

-2, -3, -4, &e.

If we neglect all the terms except those of the first order, whicb
amounts to supposing M and Jl' infinitely small, we get

W- - K.K'
I

HV+ . . . +(mn' + m'n)S^S.j+ . . .

j
-L .

If 9„ Oj bo tho angles between the axes of M and M' and tho lino

< See Sir W. Thomson, Reprint, p. 308.

a TWs point is sometimes culled llic rentrc of lllo maimef, nnd llic new nxcs of

y ond Z Its bccondfliy oxcs. It should l>c observnl. hoMcver. t hut this "cenlio"

Is not necessarily the middle poiut of llic lino joinlne the mass eenlrc»of tho

positive ond negulivc mafinctistn. On this ftiUjecl »l'C oiiupcr by llcllmml, ".Sul

I'otenzltilc >I(i(;nctleo," Ann. d. .yfntcitt . ISSi.

' C/. Illicke in I'oijil. Ann.. Ji. \V>. ISIS ; ta I llwrf. Ann., p. 8, 1S79.

XV. — 30
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fiom tlie centre ofM to the centre of M'. and 9,, the nngl« between

the axes, this rciluccs to

\V- '^T (cose,, - 3co9fl.cosBj) (49).

From this formula we can derive at once by dilTcientiation tho

force of traiislation and 'the cou).le about tlie centre of J[', whieli

rej)rescnt the action of M npoii it. An elegant synthesis of this

action has been given for tho most general case by Tait.' It will

be suITicient to confine ourselves here to the case where the magnetic
axes are in one plane. In this case 8,5 — 8,-8;, and \V becomes
KK'(sin8,sin8j-2cos8iCose.,)/j'. Denoting by X, Y, L the forces

of translation ]iarallel to llll' and periiendicular to JIM' (so as to

decrease 8,) and the couple tending to d«erease 8j, we have

rfW 3KK', „ , „ , „ ,\ — — —:—(si" «i sin Si - 2 cos 8, cos 8.)
clr r*

">-rf8,'*"jrf8,

3KK'
sin (81 + 8,)

L " -7— -—r- (^iii 81 cos 8. + 2 cos 8, sin 8.,)

d0.^ r'
' ' -'

(50).

Force of

transla-

tion =

(dist)-*.

Coupler
(dist}-3.

One most imjiortaut conclusion follows at onre from these for-

muhe, viz., that the trauslatory forces vary inversely as the fourth
power of the distance, whereas the directive couple varies only
inversely as the third power. Hence the conplc may be (initc seji-

sihle at distances for which the forL-e of translation is inappreciably
small. Tliese conclubions apply of course equally to any pair of
ni.ignetized bodies, provided the distance betiveen them be suffi-

ciently (;rcat as compared with their linear dimensions. This,
applied to the case of the eartli, at once explains the phenomena
that puz/Ied Norman and the earlier magnetic philusophei-s so
greatly. The following particular cases are important (fig. 25) :-

f,-«i-=0,:X--^'.Y-0, L = 0.i6l

(5)

(C) = 0, 8,=.

.»,.

fr 3KK'
2

-^-"7^-
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IT. The Surface value of V, and hence its general value

for"external points, is determined if the northward com-

ponent of the magnetic force be known at every point of

the earth's surface.

This folloivB at once from tlic fact that the difference of the values

of V at any two phices is the lino integral of the magnetic force

olong any line joining them ; thus, if V^ be the value of V at the

geograjiUlcfd-nortb jiole, wo have

\V--a/''xdl + Yo • • • • •• • (55).

i

But the constant V,, Joes not affect the general value of V; hence
the proposition is established.

III. The same conclusion follows if the westward

horizontal component be known all over the earth's surface

and the northward component along any one meridian.

In fiict, if V be the potential at any place whoso latitude is I

etra longitude K, tliea

^ - - a/' Xdl - af'^Y cos liU + V,

the first integration being performed along the given meridian, the

second along the parallel of latitude corresponding to the place.

From I., II., and III. wo have the remarkable con-

clusion that, if the vertical component be given all over

the earth, or the northward component, or the westward

component and the northward along one parallel, then in

each case the other two elements are determined.

Gauss gives another interesting application of the line integral of

magnetic force. If this integral be taken all round any closed curve

or polygon, the result is zero. Let us express this for any geodesic

triangle ABC, nt whose vertices the horizontal force has the values
t

>-—
H„ Hj, Hj. If the inclinations of H to BC at B and C bo o and o',

. »-» v—
to CA at C and A ;8 and /3', to AB at A and B 7 and 7', then, if

the arcs BC, CA, AB be not too long, we may replace the coui-

f>onent along BC at every point by the average of its values at B.

bad C, and so on. We thus get

JBC (HjCosa-hHjCosaO + iCA (HjCos/S + HiCosfl')

+ JAB (H,cos7 + H3cos7*) = (56).

If we suppose the values of H at B and C to be known, and the

v;Juc3 of the declination to be known at all tlireo places, the above

equation deterniincs the value of H at A. Calculating in this way
from observed v.ilucs at Gottingen, Milan, and Paris, Gauss found

for H at Paris 0-51(;96, the observed value being 0-51804.

It has been supposed hitherto that the magnetic causes

nre entirely internal to the earth. The foregoing theory

enables us to test how far this assumption is correct.

If wo suppose that there are external causes, then the potential

at internal points due to these will bo

To+'r.:^ +<^^ • • • ''{1:)

To, T,, T, . . . T, being tho different harmonics in the surface

value of tho part oP tho ])0tentinl duo to external causes. Suppose
now tho whole vertical force deduced from observation for all parts

of the earth's surface, and expanded in a series of surface harnionios,

the i"" of which is Z; ; then, since this is the sum of tho i"" har-

jiionics in tho parts due to internal and to external causes, wo have

-(J + 1)S. ftT.— nZ, (57).

Fnrthcr, suppose the suifnce value of V determined from observa-

tions of horizontal force, and let the i"" harmonic in it be V^, then

ve have
S, + T, = V, (5S).

From equations (57) and (08) we can determine S, and

Ti, and thus settle how much is duo to external and how
much to internal causes. It does not appear from observa-

tion that any sensible part of the mean, value of V arises

from causes external to tho earth.

Wo have seen alrc.idy that tho action of any body can be repre-

sented at external points by an ideal layer of positive and negative

magnetism. Onnss liiids for the siirfneo density of the layer in

the case of n sphericul body like the earth, the expression

tV/<i - CZl/Jr, which may bo ilcduced immediately from the for-

i:i>\il,x' already given.

ff wo draw a series of cciuipotential surfaces correspond-

ing to small equidifferent values ot V, these will cut tbe

earth's surface in a series of equipotential lines, which are

called the "magnetic parallels." These lines obviously

have the following properties. The horizontal force is every-

where perpendicular to them, and is at any point inversely

proportional to the distance between two consecutive

lines there. So that, if these lines were drawn upon a

terrestrial globe, their crowding would indicate increase of

horizontal force. The lines of horizontal force, or " magnetic

meridians," the tangent at every point of which is parallel

to tho horizontal component, are everywhere orthogonal to

the magnetic parallels, and their positive direction is from
parallels of greater potential to parallels of less potential.

If, as has been tacitly assumed hitherto in accordance with

the results of observation, the potential on the earth'a

surface have but one maximum and one minimum, then the

parallels will be closed curves expanding successively from

the maximum point and then closing again round the mini-

mum point, and the magnetic meridians will all run between

these two points. It is clear that at each of these points

the equipotential surface and the earth's surface touch ; at

the minimum point the line of total resultant force will

pass to the earth, at the maximum point /rom it ; at the

former, therefore, the north end of a freely susfffended

needle will dip vertically downwards, at the latter the south

end will do the same. This is the simplest possible case

for a magnetized sphere. It is easy to see that, if we
define a north pole* as a point on the earth's surface at

which the horizontal intensity vanishes, and the dip is 90°,

there might be more than one such point. Consider the

series of equipotential surfaces 1, 2, 3, 4, 5, 6 in fig.

26,2 each of which has two eminences with a depression

/ /

Fig. 26.

between them. The lines a, h, c, d, e,/ are the sectioDB

of these by the earth's surface. 1 just touches the surface

in a ; and, if the potential increase in the order in which

the surfaces are numbered, a will be a north pole. The

section by 2 is the single oval 6. 3 touches the surface in

c', which is clearly another north pole, and also meets the

surface in a single oval c equipotential with c. The

section by 4 is the double oval d, d'. The depression on 6 Faisr

touches the surface at F, and meets it in a figure of 8, e, e', ?»'«»

on which F is the double point. F is therefore yet another

north pole according to our definition ; it differs, however,

from an ordinary north pole in one important respect ; for

the law that the north end of the compass points from

parallel of greater to parallel of less potential shows at

once that near F and inside tho 8-shaped parallel the

south end will point to F, whereas at a neighbouring point

outside tho north end will point to F. Such a point is

called a false north pole, and we see that the existence of

two true north poles necessitates the existence of a false

north polo ; and in general it may be established' that,

1 Of course pole as thns defined has nothing to do with pole in nnj|

of tho former senses, e.g. , the line joining its N and S poles is not

parallel to tho eartli's magnetic axis.

•Gauss, I.e., § 12. C/. Masc.irt and Joubert, Lcpms sur VSlC^

triciti H tiir It ifarptftisme, torn. i. § 436, 1882.

^8eo Gatiss, All. Theoric dis Erdmagnctismus, § 12; MaxweU
vol. i. § 113, vol. ii. § 468.
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however raanj' poles of tbe same kind there may be, true

and false, tbe whole number must be odd. This of course

disposes of the notion formerly held by some physicists

that the earth actually had tu<o north poles. As already

indicated, Gauss concluded from his reduction of the

magnetic observations at his disi'osal that, apart from

purely local disturbances, the earth has, as a matter of fact,

only one north and one south pole.

The effect of a deposit of magnetic ore, or other cause

of the kind, might of course produce a disturbance, within

D. limited area, of the equipotential lines. It may assist

the practical maguetist to indicate the nature of this

disturbance in a particular case. Let us suppo.'e that a

magnet is placed some distance underground, vertical, with

its north pule uppermost. Then, if its moment be

sufficiently great, the equipotential lines will be as in fig.

27.' The upper side of the figure is supposed to be

magnetic north, and it is supposed that the undisturbed

Fig. 27

parallels would be straight lines running magnetic east

and west, which is sufficiently near the truth in i jst

cases. It should be observed that fig. 27 is in reality a

transformation of figure 26, one of the poles being projected

to infinity. The reader should notice that the double point

F, due south of the point a vertically over the disturbing

magnet, is a point of equilibrium at which the horizontal

components of the forces of the earth and the magnet
destroy each other ; it will be a false pole, south or north

According as the magnet or the earth Drevails.

EXPERUIENTAX F0UND.\TI0N FOR THE LaW OF THE
Invehse Squaee.

From what has already been laid down, it will be

seen that the determination of the elementary law of

magnetic action is a very complex problem. The action

between two magnets depends, not only on their di.stance

apart, but also on their relative angular position. Then
we have to distinguish force of translation, which varies

inversely as the fourth power of the distance, and directive

couple, which varies inversely as the third power. It

must also be remembered that the elementary law results

in part from an hypothesis as to the nature and distribution

of the cause of the magnetic action, for, until some such

hypothesis is made, no clear conception is possible of what
is to be understood by elementary action. Lastly, we have

the disturbance which arises from magnetic induction, the

consequence of which is that magnetically speaking two
magnets are not the same at different distances apart.

When all these circumstances are considered, it is not

surprising to find considerable uncertainty and difference

of opinion among the earlier magnetic philosophers. The
truth is that the law as now established owes quite as

» Go-iss. I.e., § 13.

mucn to tue development of magnetic tUeorj as to tiu
»'ork of magnetic experimenters.

The question attracted the notice ot Huygeus and^diveeu
Hooke, but Newton seems to have beeo one of the first ''|.'[,';,'[,

w'ho propounded any law on the subject. He says
{Priiicipia, Jib. iii. prop. C, cor. 5) that some rough
e.xperiments had led him to the conclusion that the
magnetic force (vis magnetiea) decreases according to the

law of the inverse cube of the distance. No account ot

the experiments is estant, and it doea not appear what ha
means exactly by vis magnetiea. If the directive couple
is meant, and the action of the entire, magnet is mtended,
then, as we have seen, this is ip agrpenient with modern
theory. In a remarkable note in the annotated edition

of the Principia by Lfe Sueur and Jacquier (assisted by l* Sue..

Calandrini?) (1742; on the passage in question, a series ^''l

of deflexion experiments are described, and an accurate '^'^l"'*'-

discussion is given, from which results the law of the

inverse cube for the deflecting couple. Hawksbee - made H:i\vks-

experiments with a view to determine the law of magnetic ''<'<' ^'"^

action, in which a deflecting magnet was moved at various ^^ °''

distances round a compass, and the corresponding deflex-

ions noted. A few years later Brook Taylor ^ and the

same experimenter made a series of observations in which
the "end on" method of deflexion still in use was adopted.

But in neither case was any definite result arrived at. A
similar uncertainty appeared in the experiments of Whiston, Whiston.

who indicates the inverse f th power of the distance as the

law of decrease. Jlusschenbroek's experiments, which were Mubsci.

extensive, also led to no final result. He used the method of
*'™^''

Hooke, in which the attraction of a vertical bar magnet upon
another suspended from one arm of a delicate balance is

balanced by weights attached to the other arm. From soma
of his experiments he deduces as low a power as the inverse

1st, from others the |th, and so on ; but no attempt is

made to analyse the phenomena. Jlichell, in his treatise

on artificial magnets (1750), however, deduces the law of

the inverse square from Musschenbroek's results. Although

.(Epinus does not arrive at any definite result as to the

elementary law, there can be no doubt that his Tentanien,

Tkeorix Ekdricitatis et Magnelismi (1759) contributed

powerfully towards the solution of the question. Tobias Tobias

Mayer seems to have been the first to publish the law of Mayer,

the inverse square as the actual result of an experimental

investigation. His paper was read 'before the Royal

Society of Gottingen, and was referred to in the Gottinger

Gehhrter Anzdger for 1760, but never fully published;

it is best known from the criticism of .^pinus, " Examen
Theorise JIagneticse a Tob. Mayero propositee " {Xov.

Comm. Acad. Petrop., 1768).* The most important of the

earlier contributions was undoubtedly that of Lambert.^ Lambert

He seems to have been the first to analyse the physical

circumstances of the problem in a thorough manner, and

to point out the various elements of disturbance to be

provided for. We regret that we are unable to devote

space to an exhaustive account of his memoirs,^ which are

most instructive reading even now. He showed that the

effect of an oblique magnetic force on the needle varies as

the sine of the inclination ; and, making allowances for

this, he deduced the law of the inverse square from de-

flexion experiments made at different distances. He also

described the method of oscillations, but found difficulties

in its practical application. It is upon his theoretical work,

however, rather than upon his experiments, that his claim J|

to be remembered rests. About the same time as Lambert, -^

« Phil. Trans., 1712. ' Phil. Trans., 1715 and 1721.

* Comp. Hansteen, ifag. d. Erde, p. 2S3, 1819.
'' Hist. d. VAcad. Roy. d. Sc. Berlin, 1766.
' An excellent one ivill be found in Hansteen, ilagnetismus det

Erde, pp. 295 sq.
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Liter re-

|\re Lave Dalla Bellai H'.A Robison,- the well-knowu

l)rofes3or of natural philosophy in the university of

'Edinburgh, working at the same subject. The former used

the method of Hooke and Musschenbroek, but discussed

more carefully the exact nature of the resultant tction.

His results indicated the law of the inverse square.

Robison used both the method of deflexion and the method
c( oscillation, the peculiarity in his apparatus being the

piovable magne\ which was composed of two magnetized

spheres connected by a slender rod, and suspended either

in the field of the earth alone, or at different distances

irom a large magnet. He made several independent

investigations, and seems to have arrived in each case at

(ho law of the inverse square as his final result.

;The researches of Coulomb,' from which many date the

commencement of the modern theory, present many features

of great interest. He used the improved form of Michell's

torsion balance, which had served him so well in his

electrical experiments. In order to realize as nearly as

possible the ideal case of a linear solenoid, whose action

can be represented by positive and negative magnetism
concentrated at its ends, he worked with magnets made of

tUiu steel wire magnetized longitudinally. The circum-

stances of the experiment are thus considerably simplified,

for the acting magnet may be so arranged that the action

of one of the poles may be neglected, or, failing that, the

action of both can be easily calculated.

In one of his experiments he took a maLTietized steel wire 25
inches lon^, and li lines thick, and placed it vertically in the
magnetic meridian before a horizontal magnetic needle some 3
inches Ion", delicately suspended by a silk fibre. The rod was
raised and lowered at a given distance from the needle until the
attraction on the near pole of the needle, as tested by the rapidity

of the vibrations, was a maximum ; it was then found that the
lower end of the bar was about 1 inch below the needle. Again,
the rod being placed horizontal and perpendicular to the magnetic
meridian on a level with the needle, it_ was displaced until the

needle returned to the magnetic meridian ; it was then found that

the reedle was directed to a point about 1 inch from the end of the
bar. Both these experiments thus indicate that the magnetism at

one end may be supposed concentrated at a point about an inch

from the end of the bar. It is clear that, in these experiments,

jirovided the rod is sufficiently long or the distance between it and
the needle not too great, the action of the distant pole may be

neglected, for the double reason that the pole is more distant and
that the force exerted by it is nearly perpendicular to the direction

in which it can be effective. Making this assumption. Coulomb
observed the number of vibrations, when the vertical rod was absent,

a.Td when it was placed at various distances.

The forces thenca deduced were found to vary very

nearly as the mverse square of the distance. Statical

experiments with the torsion balance led to a like result.

Later than Coulomb we have the experiments of Bidone,^

Hansteen,' Steinhauser," and Scoresby.'' By far the most
important among these is Hansteen, whose methods
were a great etep towards the more, complete treatment

finally adopted by Gauss. He uses Taylor's "end on"
method of deflexion, and also the method of Hooke and
MusscbenbroeL. The acting magnet was a bar magnet,
the action of which he represents by a distribution of

positive and negative magnetism on its two halves whose
density at a distance x from the centre is Xx', The force

at distance D due to an element d/x of positive magnetism
he assumes to be dfilD". He finds that in all his experi-

ments the value?i = 2 best represents the results obtained;
bat that various^values of r may be adopted with almost
equal advantage; he inclines, however, to the value r=2.

• Mem. d. Acad. Real d. Se. d. Lisboa.
' See Ency. Brit., svipplement to Sd ed., 1801.
• Mem. deVlnst., 1785, 17SS.
• Grm'i Journal, 1811 • Oilb. Ann., 1820.
' Magneiismus dcr Knh, 1819.
' De Magnetismo Telluris, 1806-10.
' Jamicson'a Nexo Edinburgh Journal, 1331.

In his classical memoir on the absolute measurement of

the earth's magnetic force. Gauss took up the question in Gauss

the most general manner yet attempted. Assuming that
the force due to an element of positive magnetism varies

as the inverse Kth power of the distance, he showed that,

when the distance between the magnets is sufficiently great
compared with the greatest linear dimensions of either

(more than four times as great in his own experiments),

the deflexions
<f>

and ^' for the "end on" and "broadside
on" positions of the deflecting magnet are given by

tan.^=Lir-(''+i)-(-L3)-<"+2)-f &c.,

tan^' = Li'r-("+')-hL3V-("+=>+ &c.

;

where Li/L'j = n. He made a series of deflexion experi-

ments, and found that his results could be represented

with sufficient accuracy by the formula ^

tan*. -0-OS68rOr-3-0-002185)-5,

tan0' = O-O43435r-3-l-O-OO2449r-5 .

The following table shows the closeness of the agreement
between theory and experiment {r is measured in metres

;

"X" and <!>' denote observed and and <^' calculated values):

—

r
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Colli-

mator

matter here only in so far as it concerns the work of

a physical laboratory, the rest belonging more properly

to the subject of Terrestrial Magnetism (see Meteoeo-

logy).

Axial Directionand Magnetic Declination.—The magnet

is suspended, usually by means of one or more Bbrss of

nnspun silk, so as to be free to move about a vertical axis.

,We shall suppose, for simplicity, that the magnetic axis

is in a horizontal plane. If this is not so, instead of deter-

mining the axial direction, we determine a vertical plane

through it. In order to obtain a fixed line of reference in

the magnet, two marks may be made on it as nearly in the

direction of the axis as can be guessed to begin with ; this

arrangement is used with dipping needles and also for

horizontal needles when no great accuracy is required.

For declination needles two contrivances of greater refine-

ment are used.

Mirror 1. A mirror is rigidly attached to the magnet, so that
method, jjjg normal to its surface is nearly parallel to the magnetic

axis. The image of a fixed horizontal scale in this mirror

is observed by means of a fixed telescope, and the angular

motion of the magnet deduced from the motion of the

scale divisions over the wires of the telescope.' This is

called the mirror method.^

2. A more compact arrangement is to attach to the

magnet a small photographic scale and a lens, the former
Biagnet being placed at the principal focus of the latter, so that the

line joining the middle division of the scale to the optical

centre of the lens is nearly parallel to the axis of the

magnet. The scale is viewed through the lens by means
of a fixed telescope, and it is clear that the line just

mentioned gives us a fixed direction in the magnet, and
that the motion of the magnet can be followed by
observing the apparent motion of the scale across the

wires of the telescope. This may be called the collimator

method.^

Unifilar The apparatus usually employed in the United Kingdom for

magneto- observing the magnetic declination,' and also for other absolute
meter. magnotic measurements, is the portable unifilar magnetometer, the

upper p.irt of which is shown ia figs. 28, 29. The lower part con-
sists simply of a tripod stand supporting three V-shaped groyes, into
which the points of the levelling screws attached to the fixed limb
of the instrument are set In making an observation of the
declination the instrument is arranged as in fig. 28. The declina-
tion collimator magnet is suspended in the box A (the sides of
which are removed to allow the interior to be seen) by means of
the suspension fibre D, attached to the torsion head PH. The
scale of the magnet is observed through the small telescope QBG.
The first step is to remove the torsion as far as possible from the
suspension fibre by hanging to it a brass plummet E of the same
weight as the declination magnet. After this weight has come to
rest, it is replaced by the declination magnet, so that the latter shall
rest as nearly as possible in the magnetic meridian without intro-
ducing torsion of the fibre. The movable limb is now turned till

some division of the magnet scale is on the cross wires of the tele-
scope. It is then clamped. The magnet is now inverted, and the
number of the scale division on the wires again read. The mean
of these readings ^ives the point of the scale the line from which
to the centre of the collimatiug lens is parallel to the axis of the
magnet. This point of the scale (axial point) will remain the same
so long as the magnetism of the magnet does not alter, or the adjust-
ment of the scale and collimating lens is not interfered with. The
tangent screw is now worked until the cross wires of the telescope are
on the axial point of the scale. The verniers of the limb are then

read.' The next step is to observe the azimuth of the son or of'some'

other heavenly body, by means of which we can refer the azimuth
of the magnetic meridian to the true north. For this purpose the
instrument is provided with a small transit mirror NO, which has
a motion in altitude so as to bring any object into the field of the

telescope, To use it, the limb is unckmped, and it and the

' The mirror method was fiist suggested by Poggendoi-ff (Pogg. Ann.,
VIL, 1826). It was carried out in practice by Gauss.

There seems to be some doubt to whom the collimator method is
due. Airy, Lloyd, Lamont, and Weber aU did something for it. See
Lament, i/andi. d. MagnHhmus, p. 154.

' Want of space compels us to omit a!) but the leading points.
Readers u, search of fuU practical details must be referred to The
Admiratly Manual of ScienUfic Enquiry, pp. 84 sq.; Ma.xwell,
Jj.Uctnc<ty and Magnetism, §§ 449 sq. ; Lamont, Handbuch der
Magnetumxu, and Erd-Magnctismvs, where references to all the
authonlies up to hia time wd! be found. They should also study the
classical memoirs of Gauss to be found m the fifth volume of his col-
lected works.

Fio. 28.—Unifilar Magnetometer, arranged to indicate declinatioiL'

mirror moved until the sun or star comes into the field of the
telescope ; the limb is then clamped and the time noted at which
the heavenly body passes the intersection of tha cross wires. The
verniers are again read. The differences of the readings, added to

the azimuth of the heavenly body found by means of the time from
the Nautical Almanac, gives the declination at the time and place
of observatiorL

There are several causes of error to be guarded against. (1) Tor-
sion is reduced within as small limits as possible to begin with,
and if there is reason to suspect any residual error we may test the
apparatus by turning the torsion head of the suspension tube fijst

90 one way and then 90° the other. If the deflexion of the magne*
is exactly the same and oppositely directed in the two cases, then
we may conclude that the torsion is zero in the azimuth ol
equilibrium. If not, then we may turn the torsion head so as ifi

reduce the error still further; or we may calculate its araouut
(assuming torsion to be proportional to twist) from the two obsery^
tions, and allow for it. (2) If the axis of the magnet is not very
nearly parallel to the line of coUimation of the telescope to begin
with, and consequently the two scale readings far apart, an error
may arise * from the vertical axis of suspension not being exactly
reversed by the inversion. This error is reduced by repeating the
observation, after adjusting the axis of the magnet and telescope so
as to be more nearly parallel. (3) If mean declination for a given
day be desired, correction must be made for the diurnal variation,

and under certain circumstauces this variation may even produce
disturbances in the course of a single observation.

Magnetic Moment, Horizontal Intensity of the Earth't
Force.—If merely relative measurements of the magnetic
moment K of a given magnet, or of the horizontal

intensity H of the earth's force, are desired, there are two
methods of obtaining them. The first is the method of

vibrations. Having found the moment of inertia A o( the
magnet M about its vertical axis of suspension, and the

* See Swan, Trana. Sey. Soc Edin., voL xil., 1865.
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time T of its vibration under the earth's force, we obtaio

the product KH, -p, say. Secondly, by the method of

deflexion, of which two varieties, tangent deflexion and
sine deflexion, are in use, tho value of the quotient

K/H, =q, Bay, is found. In this method K is used as the

deflecting magnet, and the moment K' of the deflected

magnet does not appear in the result.^ It is obvious that,

if we know the value of H, or may assume it constant,

either of these methods will enable us to express the

moment of any magnet in terms of that of another

arbitrarily chosen as unit ; and, reciprocally, if wo operate

with a magnet of known or of constant moment, we can

determine the values of H at different times and places in

terms of its value at an arbitrarily chosen time and place.

By combining two observations, in one of which a

magnet K is tho vibrating and in the other the deflecting

magnet, we can obtain both K and H in absolute measure,

for we have two equations KH = «, and K/n = j, which
give _

K - \/pq , and H - sfpfq .

Viiratio* Experiments.— If 8 be the angle between the axis of

'.he magnet and H at time I, y the angle between the axis and
H in the position of no torsion, tKH the coefficient of torsion,

then the equation of motion of the magnet, when the arc of oscilla-

tion is very small, may be written

A6i'+KH9 + tKH(9-t)-0 (59).

This gires for the period ot a complete vibration

T2 = 47r'A/KH(l + T) (60).

The observations are made with the magnetometer arranged ns

for tho declination experiment. Tho swinging magnet is brought

to rest, and the circle so

clamped that the axial point of

the magnet scale is on the

cross wire of the telescope

;

the magnet is then slightly

disturbed so as to oscillata

through a smaU arc (16' or so).

The time of vibration is found
first roughly, by taking the

time of a single vibration, then

taore accurately by counting a
large number of vibrations and
timing the end of the last as

accurately as possible. t is

found by observing the de-

flexion 9' and B" caused by
turnin" the torsion head
through an angle j8 in one

direction and then through

an angle 3 in the opposite

direction ; we thus get from
equation (59)

KHr +-,KU{ff-y-e)-0,
KHfl"-l-TKH(9'-7-fP)-0;

and T-(9'-9")/(23-9' + e")-

From tho" same equation we
may also determine y when
accessary.

The most troublesome part

of tho whole process still re-

mains, viz., the determination of A. This is effected by attaching

to the magnet a body whosB moment of inertia B can be calculated

from its dimensions. For this purpose Gauss fixed a cross bar of

wood to the magnet, and attached to it at known equal distances

from the axis of suspension two cylindrical weights of known mass

and dimension. Sometimes a cylinder of gun metal is slung lelow

the magnet by means of two loops. Perhaps the best method is to

use a ring of gun metal attached to the magnet so that its plane is

liorizontal and its centre as nearly as possible in the lino of suspen-

rion. The new time of vibration being T,, and the new coefficient

of toision (if different) t', we have the new equation

ir{A + B]jKEn+T').

There arc several corrections which, although in general negligible,
may sometimes require to bo considered. (1) H may vary so much
during the experiment as to cause a sensible error; (2) if the arc
of vibration be too large, it may bo necessary to apply the reduction
to infinitely small arcs

; (3) if tho amplitude of the vibrations
decrease too rapidly, account must be taken of the resistance to the
motion arising from the viscosity of the air, ic. ;* (4) a correction
has to be made for the alteration of the moment ot the magnet by
the earth's induction,^ and (5) a temperature correctioa for tho
magnetic moment and the moment of inertia.

Deflexion Experiments.— In Gauss's arrangement the deflecting
magnet was placed in an e.ist-west direction, i.e., end on to the
original position of the deflected magnet, The equatiou of
equilibrium in this case is [see eq^uation (61)]

K'H(H-T)sln8 = cose(

3H(1 + t)

2K
L«xP»tanfl-l - -'^-' (81).

where P| = T,/2K'K, P.,= T,/2K'K, &c.

In tho method of sines the deflecting magnet is ttimed until it is

perpendicular to the axis of the deflected magnet in its final position

of equilibrium ; the equation of equilibrium in this case is

2K
sinfl-l hj^ + kc. (62)

The advantage of the method of tangents is that the moment of

the deflector is not affected inductively by the earth's force. lu
the method of sines a correction has on this account to be made ;

but, on the other hand, there is no torsion, and, from the symmetry
of the position of the two magnets, the approximate formulte

have a more exact application.

The new pattern of^the iinifilar magnetometer is adapted for the

i

method of sines. The instrument arranged cs in fig. 29 is first

carefully levelled, and fitted with the graduated cross bar D, which

T,"

From this and (60) we get

1 This important fact was first noticed by Laml)ert

Fio. 29,—Unifllar Magnetometer, arranged to show deflexion.

is so set in its sockets as to bo perpendicular to tho line of collima-

tion of the telescope A. Tho box is opened, and the torsion

removed from the suspending fibre by means of a plummet as

already explained. Thu deflected magnet is then suspended so as

to be at the same height as the deflecting magnet whrn the latter

is placed in its carriage on the cross bar. The sides of the box are

now closed, and the circle of the instrument turned until the middle

division of the scale B, seen by reflexion from a mirror attached to

the deflected magnet, is on tho cross wires of the telescope A ; the

circle is then.clamiied, and tho vernjers read. The deflecting magnet

K (the same as that used in the vibration experiments) is next placed

in Ma carriage Iron the cross bar atadi.stance r, (30 cm. or so) east

;

the circle is then turned until the middle diWsion of the scale is

again on the cross wires ; the verniers are read once more. Tho

dTfl'ercnco between the two readings being 9„ we have

' In this connexion sea more especially Lamont, Bandb. d. Mag
Tielismiu, pp. 282 sj.

'Sec Lamont, Ilandb., p. 371 ; Ma-xwell, vol. iii. § 457.
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-1 L+E1 + (63).

fI'H sin ii

2K r, rj-

The deflecting magnet is reversed in its carriage, and the whole

operation repeated. If the deflexion now be 82, irrespective of sign,

then

(64).
2K

The mean of these gives

r.'H

^sine,=.l+S + ?i +

4K
(sine, + sin 9.

•^1

(65).

The magnet is finally removed to a distance r, west, and the

previous observations repeated ; we thus get

. . . (66).

Statical

liutrii*

sests.

r 'H
•ig(sin9j + sin9J = l._V

Tto mean of (65) and (66) is then taken, and we get

2K
(67),

•where Sj^J (sin 9, + sin 9j + sin «s + sin 9^), or, what is practically

the same, the sine of the mean of $„ 9^, Sj, and 9,. The object in

taking the mean of (66) and (66) is to eliminate any error arising

from the non-coincidence of the middle point of the cross bar with

the axis of suspension.

In order to eliminate Pj, another set of observations are made
with a new distance r, (26 cm. or so), giving the eijuation

2K
S, = 1 +

Ps
(68).

From (67) and (68) we have finally

H

P,-
r,V(r,%-r,»S.)

TThen great accuracy is required, several corrections have to be

applied:—(1) the moment of the deflector must be corrected for

induction ; (2) the moment of the deflector must be corrected for

temperature
; (3) the lengths r^ and j-j on the cross bar must be

corrected for temperature.

Statical Method.—There is another method by which we
may determine the product KH, viz., we may oppose a

statical couple to the couple exerted by the earth on the

magnet in a given position, so that there may be equili-

brium ; the statical couple, which may arise from the

torsion of a fibre, from a bifilar suspension, or other

gravitational force, thus becomes the measure of the

magnetic couple ; and hence KH can be determined in

absolute measure. Coulomb's torsion balance experiments

are an example of this method. It finds numerous ap-

plications in the variation instruments of fixed magnetical

observatories, and also in instruments for magnetic ob-

servations at sea, but it is very little used in the ordinary

work of a physical laboratory.

Magnetic Measurement by Electromagnetic Induction,—
It has been explained in the article Electeicity that, if,

either owing to the variation of the magnetic field, or

owing to the motion of a closed linear conductor in it, the

number of lines of magnetic force N passing in the

positive direction through the conductor vary, this variation

will cause an electromotive force - d'Sjdt in the positive

direction round the circuit. Let us suppose, to take a

simple case, that we have a coil of wire made up of a

number of parallel plane circular windings, and that the

sum of all the areas of the separate windings is A. If we
place tliis in a field of uniform intensity R, so that the

normal to the windings makes an angle 6 with K, the

number of lines of force passing through the coil will be

Nj = ARcosft If we now suddenly reverse the coil, by
turning it through 180° about an axis perpendicular to

its normal, the value of N in the new position is

N2= -ARcos^. Hence the integral electromotive force

during the motion is - fdtd^jdt = N, - Nj = - 2ARcos^,
and the whole quantity Q of electricity which passes will

.be Q= - 2ARcos5/S, where S is the resistance of the

coil. If Q be found in absolute measure,* and A and S

be known, we thus obtain the value of Rcos6. This is

the principle of Weber's " earth inductor," ^ by means of Weber's

which the horizontal and vertical components of the earth's earth iu

force can be measured, and in consequence the declination ''"

and inclination determined.

If the test coil be made very small, so that the portion VerJef

of the field which it occupies may be supposed uniform, expior /

this method may be applied to measure the intensity at ^° '

difi"erent parts of a non-uniform field.' The small coil is

placed with its windings perpendicular to the lines of

force, aud then suddenly reversed, or, if that be impossible,

suddenly removed to a part of the field where the number
of lines of force passing through it is zero. The integral

electromotive force is of course in the latter case only half

what it is in the former. This method is often of use

where, owing to the great strength of the field and the

consequent disturbances arising from induction, any other

method would be utterly useless.

The method of electromagnetic induction may alsobeMagnei

applied to measure the component of the magnetic moment"'™'^"'

of any body parallel to a given line. mined by
Let aa'bV (6g. '30) be the section of a uniform cylindrical coil of electro-

length 11, made up of a single layer of flat circular windings of magnetic

radius b, n to the centimetre. Let the axis of the coil be taken iaductiou.

for r-axis, and let K be any magnet within the coil, placed wiUi

Fig. 30.

the given line parallel to the axis of the coil. LetjJj be any single

winoing of the coil, then the surface integral of the magnetic

induction for pq is given by f/adydz ; hence the whole numoer of

lines of force through the coil is given by

N •=fndxffadydz ,

= njjyadxdydz

,

the integration being extended all over the cylindrical space aJVff'.

Now, since o = a + 4irA= -d\/dx + irA, we get

N =. - n/// -y-dxdydi + i-m.IJJkdxdydz

,

= - n{//Vdydz -J/X'dydz) -f 4rtiK ,

= -l-4TnK-n(S-S')

(«9).

where K is the component parallel to the axis of the coil of the

moment of the magnet, and S and S' the values of the surface

integral of the potential of the magnet (derived from Poisson's

distribntion) over the two ends of the coil. When there are more
layers than one, we must of course sum the diflerent parts of N
arising from the different layers.

The formula are quite general, and some applications

will be given' later. Meantime we see that, if the coil be

' See arts. Electkicitt and Galvanometeb.
' Pogg. Ann., xc, 1853.
•"

C/. Vtniet, Jt>n. d. Chi^'u et d. Phyi., xli., 1854.
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BO long tbat the magnetic potential of the body at its two
ends may be neglected, then the integral electromotive

force caused by the sudden removal of the body, or by the

sudden destruction of its magnetism, is 47r» times the

component of the magnetic moment parallel to the axis of

the coil, n being the number of windings per unit of

length of the coil.

Historical Remarks on lite Progress ofifaf/netic Measure-

ments.—The method of vibrations came very early into use

lu magnetic measurements. Whiston and Graham made
vibration observations with a dipping needle. Musschen-

broek and ilallet also used a horizontal needle. Lambert
appears, however, to have been the first to thoroughly

understand and appreciate the method. For long it was

the only accurate process in use for obtaining relative

measures of the earth's force. It was so used by Rossel,

D'Entrecasteaur, and Humboldt. Coulomb, Hansteen,

and Poisson, all contributed more or less to its improve-

ment ; and it finally reached perfection in the hands of

Gauss,! ^Ijo gjyg t[ig experlmcntal process for obtaining

the moment of inertia, investigated the correction for resist-

ance, and, by the introduction of the mirror and scale

method, imparted astronomical accuracy to the determina-

tion of the period of vibration.

The method of deflexion, in one form or another, is

very old. Its existence as a thoroughly scientific method,

however, dates from Hansteen. The essential improve-

ment of eliminating the constants depending on the

magnetic distribution by observations at different distances

is due to Gauss. The advantages of the sine method were

first pointed out by Lament in 1841.

^

Poisson Poisson seems to have been the first to conceive the

first idea of absolute magnetic measurement In a short but
'"Kg«st3 luminous article at the end of the Connaissance des Temps

aia'nietio
f°'' 1828, ho describes a method for obtaining the value of

measure- H in absolute measure. Horizontal vibration 6xperiments
rents, are to be made with two magnets A and A', whose

L moments of inertia A and A' are known. The times of

f vibration t and t' of A and A', each suspended alone, are

to be observed. Then both are to be [placed in the

magnetic meridian at a distance r apart in the same hori-

zontal line, and the periods 6 and & observed, of A when
A' is fixed, and of A' when A is fixed. If r be very great

compared with the linear dimensions of A and A', then

H'-- Sir'ae'VAA'

rHt'-sJ^l' - 0-}{f' - e'')

I
He recommends, however, that comparatively small values

of r be taken, and the constants of distribution eliminated

by experimenting at dififerent distances. His fundamental
units are the gramme, metre, and second.

Nothing came of Poisson's proposal until Gauss took up
the subject, both theoretically and experimentally, as above
described. The first absolute measure of the earth's hori-

zontal force was made by him at Gkittiogea on the 18lh

September 1832; the value found was r782^ in milli-

metre milligramme second units. The magnet he used

(about a foot long and weighing about 1 lb) had for its

-moment 100877000'' in the same units.

The determination of the distribution ofmagnetism within

a body, in other words, the determination of the magnetic
moments of its individual elements,. by observations of

magnetic force at external points, is, as we have seen, an
indeterminate problem. Nevertheless, a considerable part

of the literature of magnetic science relates to it ; and we
must give some account of what has been done, althoagh

' See his memoir, "Anlcitnng zur Bestimmung der Schwingungs-
dauer cincr Magnetnadol," in Jies. it. Mag. Ver., 1837.

' Iltindb. d. Afagnctismus, p. 309.
» -17821, C. O. S « 100!'7-7. C. O. S.

1.-. -n

the results obtained are of comparatively slight physical
interest, and of small practical value.

Experimenters have been somewhat slow iu recognizin"
the essential indeterminateness of the problem. This no
doubt has arisen from their imperfect analysis of the
phenomena. Thus, although we cannot determine the
actual internal distribution, yet the problem to determine
the Gaussian surface distribution which will represent the
magnetic action at all external points, however difficult, is

quite determinate. This surface distribution has been called

by some the "free magnetism" of the body; and soihe,

all the powerful contrary evidence notwithstanding, have
imagined that this distribution has a physical existence,

and have even spoken of the depth to which the free

magnetism penetrates into the magnet. Others have con-
founded the free magnetism of Gauss's distribution with
that of Poisson's ; and in many cases it is impossible to

gather what the experimenter meant to indicate exactly by
the phrase.

The case in which, from the circumstances, the variation

of the internal distribution is confined within the narrowest
limits is that of bar magnets, whose length considerably

exceeds their lateral dimensions ; and this is practically

the only case that has been much studied. The most
natural way of attempting to represent the action of such
a magnet would be to suppose it replaceable by a fixed

ideal magnet, and then to determine by experiment the

strength and position of the poles of this magnet. The
earliest notion was that the poles were situated exactly at

the ends of the bar. It was soon found, however, that, if

the poles did exist, they were not in general exactly at the

ends. Lambert and Kupfer ^ concluded from their experi-

ments that in many cases the poles lay outside the bar,

while in weak magnets they lay inside. Coulomb, as we
have seen, and also Dalla Bella, ihferred from their results

that the poles fell within. Recent experiments have been

made by Pouillet," by Benoit,' by Petruscheflfsky,^ and by
others on the same subject; but it is. needless to describe

them here.

The word "pole," like the phrase "free magnetism," has • Poles"

been used by di2"erent writers in very different senses, different

Some have applied that name to the mass centres of the "'•^"""g

positive and negative magnetism of the actual molecules.

But, although as a matter of convenience we have used

these points in our theoretical development, they have, as

far, as physical observations are concerned, no existence.

Others have defined the poles to be the mass centres of the

positive and negative parts of Gauss's surface distribution.

These might of course be determined, although the process

would be extremely troublesome, and the result of no

practical value whatever. In point of fact, if the magnet

bo in a uniform field, i.e., at a very great distance from

the system that acts on it, the action depends solely on

the magnetic moment, and the magnetic distribution has

nothing to do with it ; the poles in this case are physically

indeterminate. If, on tho other hand, two magnets aro

within a moderate distance of each other, we may set to

ourselves the problem to find two points in each of them

such that tho mutual actiotf will bo represented by

quantities of positive and negative magnetism concentrated

there. Then, in general, such points may or may not

exist. Riecke has shown (see above, p. 233) that, if the

distance between tho magnets exceed a certain limit, then,

as a matter of approximation, these equivalent poles, as he

calls thorn, do exist. Except, however, in tho case of

umguets oymmetrical about an axis, and also about an

equatorial planCj they are not fixed in the magnets, but

' See Lamont, Ilumlb. d. Magnciismus, p. 291 sq.

Comptcs Raid., 1863. ' Com2>les Ilend.. 1875.

' Pogj. Ann., clii., 1874, and ch., 1877.
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depend upon their relative position. Although his results

are extremely interesting from a mathematical and theo-

retical point of view, we do not sea that much practical

advantage would attend the use of these equivalent poles

;

and we are inclined to think that, except in the popular

usage for distinguishing one end of a magnet from the

trtlwr, and in the case of ideal magnets, the word pole had

better be abandoned altogether.

The idea of representing the action of a linear magnet

by a continuous distribution of free magnetism, positive in

one half and negative in the other, is very old. It

appears in Bazin's work on the magnetic curves published

in 1753; and Tobias Mayer, in his memoir above quoted,

assumes that the density of the distribution is proportional

to the distance from the middle of the bar. Four distinct

methods have been used in attempting to determine the

law of distribution.

1. The deflexions of a small needle in different positions

near the magnet have been observed, and by means of

these the constants in some formula assumed for the dis-

tribution have been calculated. This was the process

adopted by Lambert and Hansteen, and, in some of his

experiments, by Lament.^

2. Instead of measuring deflexion, we may count the

oscillations of the needle, and proceed as before. This

method was used by Coulomb, Becquerel, and Kupfer, but

it led to no satisfactory results, partly owing to the disturb-

ances arising from induction and the force of translation

upon the needle, partly owing to the difiiculty of putting a

satisfactory theoretical interpretation upon the results.

Difteniii 3. Some observers have measured the force required to

nutiiiHis detach a small armature of soft iron or steel from different

cini.i.i.v.d. parts of the bar, thinking thereby to obtain a direct

measure of the free magnetism. It is not very easy to

say what is measured by this process, but it is obvious, on

a little consideration, that the effect is complex, depending

greatly on the nature and extent of the surfaces in contact,

and also upon the mutual induction between the magnet
and the armature. Experiments of this kind have been

made by Dub, Lament, and others.

4. Another method frequently employed is to slide along

the bar a small ring-shaped coil embracing it as closely as

possible, and to measure the induction currents for a given

displacement. The assumption usually made is that the

integral electromotive force is proportional to the free

magnetism on the portion of the bar passed over, or, what
amounts to the same thing, to the difference between the

magnetic moments per unit of length of the sections of

the bar on which the coil rests at the beginning and end
of the motion. This is, however, only an approximation

to the truth, and the accuracy of this'«pproximation is very

diflBcult to estimate in the practical case where the lateral

dimensions of the bar are finite. The following investiga-

tion will show the nature of the difficulty.

The integral electromotive force is - (N] - N,), where Nj and Njare
the surface integrals of magnetic induction taken over the coil in its

initial and final positions. Let us take first a Linear solenoid SN (fig.

81) of length I, and magnetic moment m, and a coil of a single

^"'iuig {"Q, which moves so that its centre R is always in the luie
8N, and its plane always perpendicular to SN ; then

N -ffadydz -f/adydz + iT/fkdydz

,

the former integral extending all over PQ, the latter over the
infinitely small section of the solenoid at R, o being the force due
to the end distribution at N and S. We thus get

N = -(cos9- cos 9") (70),

wh«re fl and tf are the angles PSX and PXX. This shows, in the
first place (see equation (26; above), that if the coil PQ were to
expand and contract as it moves, so as always to remain a section
of the same tube of force, there would be no variation of N, and no

• See also Airy and Stuart, Phil. Hag., 1873.

electromotive force, which is as it should be. If we were at liberty

to suppose PQ infinitely small, then, when.R is between S and M,
cos 9 - cos9' would be the sum of two unities, and, when R is outside,

the difference. In such a case, so long as I'Q moved on the
magnet, there would be no electromotive force, hut if we suddenly
move it over the end, there would be an electromotive force

Fig. 31. Q
- irmfl, which is proportional to the moment of the bar When
PQ is not infinitely small, there is a variable part of N, deix^nding
on the dimensions of PQ, whicli will give rise to an electromotive

force, even when the coil is moved along a uniformly magnetized
bar, where there is no free magnetism except at the ends.

It is now easy to form a conception of wliat happens in tlie case

of an ordinary complex solenoidal bar. We may suppose such a
bar made up of a number of simple linear solenoids. A certain

number of these, corresponding to the end paits of Foissou's

distribution, will have the same length as the bar ; the others,

correspondin,!; to the lateral surface and volume parts of the
diitribution, will be of continuously diminishing lengths. If »e
were at liberty to suppose the lateral dimensions of the bar and
the radius of the coil to be infinitely small, then, as the coil moves
along the bar, we should have an electromotive force due to passage
over the ends of the short solenoids, and, as it moves over the end,

an electromotive force due to passage over the ends of the long
solenoids. We might in this way by a sufficient number of

observations determine the distribution of the free magnetism
throughout the bar and at its ends ; and in this case no distinction

would be necessary between the volume and the surface distribution

in any section.

If, however, the dimensions of the section of the bar, and con-

sequently of the coil, be finite, a correction would have to be applied,

depending, not only on the dimensions of the bar and coil, but al ;o

\)n the magnetic distribution. All that we can then do is to assume
a formula for Gauss's surface distribution and determine its con-

stants. We thus get Gauss's distribution, and a foi-mula that will

account for the electrical observations ; but we oblainno information^

as to tlie actual interiial distribution of the magnttism in the bar.

Lenz and Jacobi ^ appear to have been the first to apply

the method of induction currents to the measurement of

the magnetic distribution in bar magnets. They attempted

no theoretical analysis of their results, although they

assigned a law of distribution. Van Rees,' who questioned

their conclusions, gave an imperfect theory, and made some
careful researches of his own. Rothlauf * made further

experiments, and entered more fully into the theory, though

still with insufficient generality. The most recent experi-

ments of the kind we are aware of are those of Schaper,*

who discusses the theory with complete generality, taking

account of the ends of the bar.

After what has been said, the reader will scarcely be
surprised to find that the different experimenters assigned

very different formulse for the distribution in bar magnets.

Lambert deduces from his experiments a distribution

whose density is A*,—A being a constant, and x the

distance from the ends of the bar. Bmgmans, V.
Swinden, and Leoz and Jacobi adopt the law Ax-

;

Hansteen, aa we have seen, the law Aa;', where r = 2 or 3.

Biot deduced from Coulomb's experiments the law

A(/i'-/i"') for the density of the free magnetism, which

would give for the moment per unit of length of the bar

the law a - b(jx' + n''), see above, p. 231. Becquerel,

» Pogg. Ann., Ixi., 1844.
' Over de Verdeeling van het Sfagnelitmus in Magneten, AmaL.

1847.
* Pogg. Ann., civi., 1862. • Wied. Ann., ix., 1880.
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Van Eees, Lament, and Rothlauf favour this last formula ;

but none of these experimenters give any proper account

of the ends, which must be specially represented in all but

those cases where the magnetic moment is zero there.

Schaper finds that the results of experiment can be

adequately represented by means of end distributions, and

a lateral surface distribution following the law Ax + Yix^.

See his paper above quoted, p. 242.*

Carrying Power of a Magnet.— It is obvious that the

magnetization of a piece of iron must alTect its force of

cohesion. The most familiar case is that of a magnet to

which an armature is fitted. If the surfaces of the pole

and armature be carefully ground flat, so as to fit, we may
regard the magnet and the armature as continuations of

each other. The force of cohesion here is mainly due to

the magnetism; and the force required to separate the two

is called the " carrying power " of the magnet. To simplify

the question, let us consider a cylindrical bar of section w,

uniformly magnetized in the direction of its length with

intensity I. Suppose the bar cut so that the normal to

the plane of section makes an angle 6 with I, and let the

surfaces of section be separated infinitely little, then the

surface density of Poisson's distribution will be Icos^

on each surface. Assuming that the cohesion is caused

solely by the attraction of these surface layers, we get

for the carrying power P = 27rIcos9 x Icos^wsec^, i.e.,

P = 27rI-MCOs^. The carrying power is therefore greatest,

viz., 27r<oP, when the surface of the pole is perpendiculat

to the lines of magnetization.

A great variety of experiments have been made on this

subject by Joule, Dub, Tyndall, Lament, and others,

mostly, however, under circumstances that do not admit

of the application of the above theory. For an account

of what has been done, the reader should consult Wiede-

mann's Galvanismus, ii. § 425 sq. The most recent inves-

tigations on the subject will be found in the papers of

Rowland, quoted below, p. 255, and in papers by Stefan

and Wassmuth in the Monalsberichie der Weiner Akademie

for 1880 and 1882.- The facts are not so simple as the

above theory would indicate ; but Wassmuth finds a modi-

fied form of it to agree sufficiently well with observation.

Mathematical Theory of Magnetic Induction.

The two fundamental axioms of this theory are the

following :

—

1. The induced magnetism in any element of a body

depends merely on the magnitude and direction of the re-

sultant magnetic force (^) at the element.

2. The magnetic moment induced by any force ^ is the

resultant of the magnetic moments induced separately by

any forces of which |S is the resultant.

With reference to axiom 1 it is to be remarked that

account must be taken of the physical condition of the

body as to temperature, and so forth ; but it is implied that

no account is to be taken of its magnetic state, except in so

far as that afifects the resultant magnetic force. In other

words, it is asserted that the moment induced by any force

does not depend upon any pre-existing magnetic moment in

the element, and is the same whatever forces may have

acted on the element previously. The full significance of

these statements will be better appreciated when we come
to consider the exceptions to them in case of strongly mag-
netic bodies. It should also be noticed that it is supposed

* Various experimenters have attempted to (Ictermine the *' indif-

ference zone" of maj^jnets under differe«t circumstances, i.e., the lino

separating the positive and uepative parts of the surface distribution.

For information as to this and otlier matters under the present head
omitted for ^ant of apace, see Wiedemann, Oahanufmus, ii. §§ 277,

35(5, 3S6, 401 ; and Lamont, JIandhuch. S§ 6, 27, 63, 64, 65.

' Abstracted in WUd. Beibl. 1880 and 1882; see also Von WalUn-
bofen, Ificn. Bcr., 1870, and Siemens, Bcrl. Monaisbcr., 1881.

that the body has reached a state of magnetic eqailibrium,
and that by whole resultant magnetic force is understood,
not only that arising from the given inducing system, includ-
ing pre-existing magnetism in the body itself, bat also

that arising from induced magnetism.
In the mathematical theory no distinction is drawn

between the part of the induced magnetism which dis-

appears when the inducing force is removed, and that
which remains. If anywhere we contemplate what happens
after the removal of the force, it is assumed that all the

induced magnetism disappears. This important restriction

must be borne in mind in applying the results in practice.

Axiom 2 enables us to assign at once the law connecting
the components of induced nlagnetization Aj, Bj, Cj with
the components a, /3, y of the resultant force. If r^, q^, po be
the components parallel to the three coordinate axes of the

induced magnetization caused by a unit resultant force

parallel to the axis of x, then, by the axiom, the components
of magnetization induced by a force a in the same direction

will be rjo, q^a, p..a • similarly, if p,^, r„, q^ be the com-
ponents due to uuit forcj parallel to the y axis, then the

components due to /3 will be pj/S, r.J3, qji; and finally.

If ?2' ft. be components due to unit force parallel to

2 axis, the components due to y will be q.,y, p^y, r^y.

Compounding all these, according to the axiom, we get

^i-r^a+p.^P + q./y \

Bi = J;,a-Kje-i-J)i7 > (ri).

Ci-Pja + fi/S + rjV )

Hence the most general expressions for the components

of magnetizalion compatible with our axioms are three

linear functions of the components of the resultant force.

Here it is necessary to introduce a classification of bodies

according to their magnetic properties.

If equal, similar, and similarly situated elements cut

from different parts of a body have identical magnetic pro-

perties, it is said to be " magnetically homogeneous," if not,

" heterogeneous."

If equal and similar elements cut around the same point

ill different directions be identical in their magnetic proper-

ties, the body is said to be magnetically "isotropic"; if

not, " aeolotropic."

These are not cross classifications; for a body {e.g.,

Iceland spar) may be aeolotropic and yet homogeneous, and
it might be heterogeneous and yet isotropic. We must
regard the coefiicients p, q, r oi (71) as belonging to a

point of the body ; and we see that in a homogeneous

body they will be the same for all points, whereas in a

heterogeneous body they wUl vary from point to point, i.e.,

they will be functions continuous or discontinuous of the

position of the point.

In the case of an isotropic body it is obvious a priori

that the induced magnetization must be coincident in

direction with the resultant force ; the conditions for this

are that the coefficients p and q should all vanish, and that

rj = r„=)3 = K. The equations (71) thus reduce to

A, = Ko, Bi = Kfl, C,-K7 .... (72).

In an seolotropic body, on the other hand, the coefiicients

may be all diflFerent from zero and from one another ; but,

as we shall s*e, at all events in the ideal case contemplated

by the mathematical theory, the conservation of energy

reduces the number of independent constants by three
;

while a proper choice of axes reduces it by three more ; so

that the magnetic properties of any element of an .-eolotropic

body depend virtually on three independent constants.

The theory here given is the generalization of Poisson's

theory due to Sir William Thomson. It aims at giving

the simplest possible exposition of the results of experiment

with the fewest assumptions as to the molecular structure

of bodies. We first discuss specially a few of the cases

General
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more important iu practice, and then give a brief account

o[ the general theory w-ith a view to establish some general

principles to guide us in the subsequent account of the

(often very complex) phenomena observed by experimenters.

Homor/eneoiis ^olotropic Sphere in a Uniform Field of

Inductive Force.—We suppose that the sphere, to begin with,

is not magnetized. If the sphere were uniformly magnet-

ized,' with components Aj, B„ Ci, then (see above, p. 232)

the force inside the sphere due to this magnetization would

have for its components

This' uniform force combined with tlie given uniform

force (ag, /?j, Yo) of the inductive field would result in a

uniform force

a = ao->.\i, /3 = ^,-J,rB,, 7 = 7o-5tCi • • (73).

It is obvious therefore that the assumption of uniform

magnetization will enable us to satisfy the law of induction.

Ia point of fact, Eutstitnting in (71) And transposiDg, we get

three liuear equations to determiive A], Bj, C, in terms of aj, ^n, 701

viz.,

(1 + j7rri)A, + JirftB, + JrrjjC, = )iOa+;'j|3o + ?27o. &c. (74).

It is easy, by means of these and formulae given above,

to calculate the couple exerted on the inductively magnet-

ized sphere. If we put o„= 0, /3i,
= Fcos^, yQ = Fsin^, we

cat) calculate the work done on the sphere in turning

through 180° about an axis perpendicular to the direction

of the field. This, by the conservation of energy, ought

to vanish, and we thus get the conditions p^ = q^, P2 = jo,

ih—l3- The equations (74) therefore reduce to

B,=p3a-^rJ$•^Pl•)' \ (75).

Heuce, if o, ft 7 be parallel to a radius of the central quadrio

rja:' -f rjj/' + r^z> + 2p^yz + Ip.^ + 2p3«t/= 1

,

A,, B„ C, vrill be normal to the diametral plane of that radius. 'We

have, therefore, by the theory of surfaces of the second degiee, the

follo\Ting conclusions.

1. The induced magnetization is not in general in the

principal direction of the inducing force; but there are in general
magnetic ^j every point three directions, called the three principal
*^"' magnetic axes, mutually at right angles to each other, for

which the directions of the induced magnetization and of

the inducing force coincide. If the axes of coordinates

be parallel to these principal axes, the equations (75)

reduce to

A,= r,o, Bi = rj6, Ci = j-37 .... (76).

T''^Tcip&: The values of rjjrj, r^ in this case are called the "principal
nn^nietic magnetic inductive susceptibilities." Bodies for which these
'"'^^'^'!!_° coefficients are all positive are called paramagnetic or

biiTties.'
ferromagnetic. Bodies for which they are all negative are

called diamagnetio. No substance is known for which
some are positive and others negative, although this is a
mathematically possible case. Since intensity of magnet-
ization and resultant magnetic force are of the same

dimension [L MT J, rj,r2,r3 are pure numbers; for all

substances except iron, nickel, and cobalt, they are

extremely small. The value of the coefficients r and p for

any other axes can be expressed in terms of the three

principal susceptibilities by means of simple formulse which

»ve need not stop to deduce.

A physical meaning can be given to rj, as follows. Let
the body be homogeneous, and let us cut from it a cylindrical

piece whose axis is parallel to the principal axis of

susceptibility r^. Place this cylinder in the direction of

' Hera ond in future the suffix tleiiotes components of magnetising

force, &o., due to given or pre-e.xistent magnetization; while the

tnffix 1 denotes those due to induced magnetizatiou. Letters without
»B(B.\ej denote totab ; eg., o-oj-hai, A»A(,-(-Ai, and so on.

Tliree

the lines of force in a uniform field of unit strength, then,

provided the cylinder be infinitely thin, and of longitudinal

dimensions infinitely great compared with its lateral, the

internal force due to the induced magnetization will be

zero (see above, p. 229), and it will be magnetized induc-

tively with a uniform intensity »•,. Similarly for r.^, r^.

The three coefficients

t^^~'\ + i^tr^, a.^'=\-¥iitr^, stj- 1 -t- Jir/'j,

used later on, are called by Thomson the three principal

permeabilities of the body at any point. These are ol

course pure numbers, and they are positive for all knowT

substances.

2. If the susceptibilities for any two principal axes bl

equal, then every axis in the plane of these two is t

principal axis.

3. If all three principal susceptibilities be equal at any

point, then every axis through that point is a principal

axis, and the susceptibility for every such axis is the same.

The body is therefore isotropic at that point, and the

direction of the induced magnetization coincides with the

direction of the inductive force for every direction of the

latter.

Retuniing to the problem of the aolotropic sphere, let us Msgual-

simplify our equations by taking the coordinate axes parallel to the ization

common directions of the principal axes throughout the homogeue- and

ous sphere. ^AVe then get for the components of magnetization couple

A,= " ^l~l J. ^^,. ^o> ^i' :7o

for

(77). aphar* i

uniforml-r^Trj H-gTTJa l-t-gTDg

Using these formulae, we get, by means of (22), for the couipon- fieH,

cuts of the couple acting on the sphere (of volume v).

(l-Hj7rrj)(l-f-J,rr3)'

'•3 - '•1

J7rr3)(l + JttCi)

r,-r„

5o7o

^o^o

"0^0

(78).

U-f^TTCjJd-hjTrrj)-"'''' -

There is of course no force of translation. As a special

case let us suppose i\, r^, and r.^ to be in descending order

of algebraical magnitude, and suspend the sphere with the

axis of rj perpendicular to the lines of force. We may put

/?Q = Fco3^, yQ = Fsin^, where 6 is the angle between the

axis of y (r,) and the direction of the field, then we have

i = \vF\r^ - r.,) sin28/(l -1- i^r,){l + inr,).

Hence the sphere tends to turn so as to place the axis

of algebraically greatest susceptibility parallel to the lines

of force. It will be in equilibrium when either principal

axis is parallel to the lines of force ; but in stable equili-

brium only when the axis of greatest permeability is ia

that position. It is to be noticed that the couple is pro-

portional to the square of the strength of the field.

There is another way of expressing these results more

in accordance with the ideas of Faraday.

If N be the surface integral of magnetic induction taken over the

meridian section (u) of the sphere perpendicular to the directior of

the vector '$ inside, or, as we may call it, the number of hues of

force that pass through the sphere, then we have

r= 1 (_^^2X»3 + 2) rf(X^) M
^ " ~

24ir^B Wj -I- BTj -I- Wj=r, de
' '

R being the radius of the sphere.

From these formula) we can draw the followicg conclu

sions :

—

1. The number of lines of force that pass Utrovgh tfieVtiac

sphere is greatest, viz,, 3F<jia-2/(^2 + ^)1 ''''hen the axis o/tionot

greatest permeability is parallel to the direction of the ttn-
Farada) •

disturbed field, and least, viz., 2FwTrJ{tr^ + 2), when the

axis of least permeability is in the same position.

2. In any position the number of lines passing through

the spherical space is greater for a jxiramagnetic body, and

law*.
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tes3 for a iliamagnetic bocly, than it would be if the sphere

were absent.

3. The sph^-e is in eq^uilibrium when the number of lines

ifforce pasting through it is a maximum or a minimum, the

equilibrium being stable in the former case, and unstable in

the latter.
'

Uomog&neoita Isotropic Sphere in Uniform Field.—This

case is obtained by putting r^ = r„ — rj = K in tlie above

formulae. The magnetization is parallel to the undisturbed

field ; and tlie couple vanishes, so that the sphere is in

equilibrium in all positions. If the strength of the field

. he F, we get for the intensity of magnetization

aUo
l + JlTK

3=r

In order to familiarize the reader with this important

case, we give two figures of the lines of force from Sir W,
Thomson's Reprint, pp. 490, 491,—one for n paramagnetic

Fio. 32,—Liiies of Force for a Paiamaguetic Sphere.

(fig. 32) having w = 2'8,,and another for a diamagnetic

(fig. 33) having ts-='48. The former repnesents a para-

magnetic whose susceptibility is something like
jttj*''!

of

the maximum observed ior the best Norway iron. The
latter corresponds to a diamagnetic having a susceptibility

some 16,000 times that of bismuth, which is the most
powerfully diamagnetic substance known.

The reader should observe that, although the field inside

the isotropic sphere is uniform, this is not the case outside,

Fio. 33.—Lines of Force for a Diamagnetic Sphere,

a fact sometimes forgotten by experimenters. Of course
the disturbance in the case of a bismuth sphere would bo
infinitesimal.

Homogeneous jSolotropic Ellipsoid in a Uniform Field.
In the case of a sphere the tendency to set in a uni-

form field is wholly dependent on the wolotropy of the
sphere, and is independent of its form. It is important,
in order to get a complete picture of the behaviour of
inductively magnetized bodies, to obtain a solution for
some case where the form has an effect upon the result. A
solid bounded by a surface of the second degree affords
'ii( li a case,

Uan ellipsoid be uniformly magnetized so tliat the conijioncnts ot
ningnetization parallel to its tlueo principal axes a,b,c be A„Bi,Ci,
this magnetiiation gives rise to a force

a,= -A,L, /3,= -B,M, ^,_-C,N:
'.hcu L JI. N have the values given above, p. 232. If wc now

pliicc tliis illijisoiJ in a imiforin field (oj, Bm Volt ^^ lores iiuidt

will be given by

a = a,-AiL, /3^j3,-BiL, 7 = 7o-CiL . . (79).

It is obvious, tlicrerorr, tliat the equations (75) of induction

can, as in the case of a sphere, be t>atislied by the asiiuniption of

uniform magnetization.

There is no difficulty in dealing with the general case in which

the principal magnetic axes are not parallel to the principal axes of

figure ; we shall content ourselves, however, with tne case in which
the principal magnetic axes r,, r„, r^ are parallel respectively to

a, b, c. Equations (76) then give at once

A, = ri(a„-A,L), B,-iv()3,-I3jM), C,~r,{y,-C{S) (80);

whence

The components of the magnetic moment are of course obtained at

once from these by multiplying by the volume.
For the components of couple, ¥, ^t, |t, tending to turn the

ellipsoid about the axes o, b, c, we get

% = '^ab/^z^yL^£sf^
., Aim a.,- Ml ^"T"

(82).(l-Hr5M)(l-hr,N)'

m-ic, 5 = 4:0. )

From these equations we can draw the following im-

portant conclusions,—first as to the magnetization of the

ellipsoid.

1. When )•„ r.^, r.^ are so small that their squares may be W'iih>

neglected, as in fact is the case with all bodies except iron, v.eakl]^

nickel, and cobalt, the components of magnetization reduce "1,^^.
to j-jOj, r„^„, r^y^. A glance at equations (79) will t", the

show that what happens is simply that the part of theK.jidoi.

internal inducing force which depends on the squares of "^'^ p^*"^

the susceptibilities is not sensible. In other words, the V"'
*?"

form of the body is without influence on the induced magneu.
magnetization. Or, what is again equivalent to the same iration/

thing, the induced magnetism may be supposed to produce,
no disturbance in the inducing field.

These conclusions are of course not limited to the

ellipsoidal form in particular; but we have the general

result that, if the squares of the susceptibilities are negligiblei,\

then the form of the body has no effect on the induced

magnetism. _^

2. On the other hand, tvhen the susceptibilities (and With

consequently the permeabilities) are very great, since stronglyi

Ai = aj{].jr^ + L), (tc, it is clear that the influence of the ^^^^^
""

form of the body predominates. The extreme case is that the infiu«

of a body of infinite permeability, in which the induced ence of

magnetism is wholly determined by the form. ,
form pre-

3. If, however, the ellipsoid be very elongated in the ^°°^'g"

direction of a, then L will be very small, and rjL may be
very small, notwithstanding the largeness of r^. In that

^^„^
case A, = r^a^,.

4. From 1, 2, and 3 we have the following most Best form

important results. In experimenting with weakly magnetic for dettr-

bodies in a uniform field—in order, say, to determine their nun^'-"""

susceptibility—the form of the body is indifferent. On the
tibilH-'^'

other hand, with strongly magnetic bodies an elongated
form must be used, because in that ease only does the

induced magnetism depend mainly on the susceptibility of

the material. With bodies approaching the spherical form
difi"erence3 in form produce far more effect on the

experimental results than differences in the susceptibility

of the material, so that in such cases the experimenter really

measures the accuracy of his instrument maker ' more than
the magnetic susceptibility of his material.

6. For a flat disk (infinitely oblate ellipsoid), having
its >•, axis parallel to the lines of force, L=4n-, and
A, = )-,a,,'(l -f-47rr,) = a„(=-, - l)/47r=rj. If such a body
were diamagnetic, and had rj = - l/47r, i.e., had lero

' As a matter of hlstor)-, Ricckc did unwittingly obtain ih this way
a toleraljlc approximation to tlie ratio of the circumference of a circle

to the diameter. Kee Stoletow, Phil. Hag., 1S74, p- 202.
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permeability, the normal magnetization would be infinite

for any finite force.

Next, wo have the following conclusions as to the mag-

netic couple. Let us suppose the ellipsoid free to move

about its a axis, and let the direction of the field be per-

pendicular to a, so that /?„ = FcosS, 7^= Fsin^; the couple

tending to turn the 6 axis parallel to the undisturbed direc-

tion of the field is the sum of two parts :

—

and

(83),

¥,=i
irn 6cr,r3(N - M)

sin29 .... (SJ).

Tor
large

inscepti-

bilities

the effect

•f form

predomi-

atea.

Intropic

•si<L

(l-t-rjMKl + rsN)

1. 1/ the siisceplibilities are so unall that their squares

and products are negligible, then "^ reduces to

J,= jia6(;F=(r„ - r3)sin29j

In other words, the form of the body has no effect, and it

behaves exactly like an jeolotropic sphere of the same

volume; i.e., it will tend to turn its axis of greatest per-

meability parallel to the lines of force.

2. If tite susceptibilities be very large, then the most

important part of ^ will be ^j. Now a glance at the

values of M and N (34) shows that N - M has the same

sign as b^-cP ; hence the ellipsoid will tend to place its

longest dimension parallel to the lines offorce?- This is the

general effect of the influence oiform in the case of strongly

magnetic bodies, or, if we choose to put it so, the effect of

the disturbance of the field by the induced magnetism.

3. It is of course possible in the case of strongly magnetic

bodies that both parts of ^ may be sensible, so that the

resultant action would be affected both by form and by the

magnetic structure, either predominating according to cir-

cumstances ; for by properly ehaping the ellipsoid we can

give N - M any value positive or negative from to Itt. In

this way, given an saolotropic body for which I/V3 - l/''2^^

not greater than Itt, wo might so shape it that it would turn

its longest dimensions parallel to the lines sf force, or so that

it would turn its shortest dimensions parallel to the lines

of force, the shortest axis in the second case being the axis

of greatest permeability ; or we might so shape it that the

equilibrium /?puld be neutral.

And, in general, given a body seolotropic within certain

limits, we might shape it in such a manner that the effect

of its form would exactly neutralize the effect due to its

structure, so that, as far as setting in a uniform field is

concerned,- it would behave like tin isotropic sphere.

Uomogeneoijs Isotropic Ellipsoid in a Unifoi'm Field.—
The formulae for this case are of course at once obtained by
putting T-j = »-2 = rj = K in the above formulae. We thus

' 1-I-kL,' ' 1-1-kJI' ^ 1 + kN
(85);

The following conclusions are worthy of notice :

—

1. The resultant magnetization, will not, as in the case of

an isotropic sphere, be parallel to the resultant magnetic

force.

2. The ellipsoid toill tend to set its longest dimension
parallel to the lines offorce ; and, since k is involved in the

numerator in the form k^, this conclusion is the same for a
diamagnetic as for a paramagnetic body. Of course we
exclude the mathematically possible case of one of the

factors 1 -i-kM or 1 -f kN vanishing or becoming negative.

For all weakly magnetic bodies, however, k is so small

' Assatning, as is always the case in nature, that r^ and r, have the
same sign.

' In other respects it would not in general behave as if it were
isotropic

that the tendency of an elongated isotropic body to Bet in

a uniform field is insensible.

Bing Electromagnet.—A simple case,' which has recently Tore,

acquired practical importance, is that of an electromagnet
having a soft iron core shaped like an anchor ring, whose
mean diameter is R, and radius of section a, wound uni-

formly with n turns of a primary coil in which flows a
current t. The lines of force and the lines of magnetiza-
tion will evidently be circles, and, since the Poisson's

surface and volume distributions vanish, the whole mag-
netic force '§ will be simply that due to the current
At a distance p from the axis of the ring ^ = 2ni!p ; for
the whole work done on a unit pole in passing round any
coaxial circle of radius p is p x 2irp = 4ffnt.* The inten-
sity of magnetization is, therefore, I = 2n«7p , And ^ =
2ni{iTrK+l)'p==2naiip. Hence it appears that the total

induction through a secondary coil of n' windings is

2nn'iHTrKfdS,lp+fdS'/p), where fdS'p is taken over the
section of the core, and/rfS'/p over the section of the coil.

In the case of an anchor ring of circular section, if we
neglect the difference between the radius of the primary
coil and the radius of the core, the expression for the total

induction through the secondary is iTmn'ij{{R - JK^ - a-}.

In a non-uniform field the problem of magnetic Small

induction becomes very difficult for bodies of.'^finite size, sphere in

If, however, we deal with infinitely small bodies we may ""P,"

suppose the field uniform throughout the body, and apply the field.

results already obtaiued to find the induced magnetism.
Small jSoloiropif Sphere in a Kon-uniform Field.—Let

A„ B„ Ci be the coni"ponent3 of the induced magnetization
parallel to the principal magnetic axes of the sphere, oo.JBojy, the
components of the strength of the undisturbed field at the centre of
the sphere in the same direction ; then, denoting rj{l + Jtt,) by «,,

and so on, we have A, = s,oo, Bi^Sjflo, Ci= s,yi,. If the mag-
netization of the small sphere (of volume r) were rigid, its potential

energy W would be VV'= -i'(A,a(, + B,B|,-f C,7o). The actual

potential energy, W, of the inductively magnetized sphere is

different, because its magnetism varies as it passes from one part of

the field to another. In any infinitely snyll displacement, how-
ever, we may calculate the work on the supposition that the
magnetism is temporarily rigid. In other words, we may put
dW — dW, where the latter is taken on the supposition that A,, B„ C,

do not vary, while on the other hand on./Bj.y;, do vary, because the

Resultant force both alters its magnitude and its direction relative

to the principal axes of the sphere. We thus get

dW"- r(Aiiioo + B^dp, + C^dy^)

.

In integrating we must take account of the fact that AijByCj are

variable. Substituting their values, we get

dW = - vis^a^a^ + Sj/3od(8o+ »37o'^ro) •

whence

w= -j(s,a|,= + Sj/3„'-l-S37j') (87).

This important formula contains the whole of the theory

of the movement of small spherical masses of inductively

magnetizable matter in any field of force. We can deduce

from it at once the position of equilibrium of an seolotropic

sphere suspended in a uniform magnetic field, with freedom

to rotate about a given diameter.

Let .% -J y and I, m, n be the direction cosines of the given diameter

and of the direction of the field relative to tEe principal magnetic

axes of the sphere, and R the strength of the field ; then W =
-iv^'isiP + s^m' + s^n'). For stable equilibrium W must be a

minimum, and for unstable equilibrium a maximum, i.e., there is

stable or unstable equilibrium according as SiP + s^m^ + s^n' ia a

maximum or a minimum under the given kinematical conditions,

which will be expressed by a relation between A, /i, y and I, m, n. I

It is needless to work ont the analytical solution ; for it leads to \

results easily obtainable from formulse already given. It is im-

portant, however, to show the identity of this method of treatment

' See art. Electbicttt, vol. viu. p. 68.

* Kirchlioff, Pogg. Ann., Krgbd. v. 1870. In the same paper he

discusses the effect of a rectilinear current in a cylindrical iron wire,

and fiuds that the circular magnetization in a wire of length L gives

rise to an apparent increase of the coefficient of self-induction equal

to 2iricL.



MAGNETISM 247

with Faraday"3 view of the matter. If a, *, e be the coroponents

of the magnetic induction parallel to the principal axes of the

sphere, then wb got a = (l + firs,)Ri, t = &c., c=-&c. Whence If

N denote the total induction through tho sphere' in the direction

of the undisturbed field, we have, a bc'ng the area of its meridian

section

N— a(ai + Am + c«)

- R + firR(Sif- + Sjm- + sjn").

N is thus a maximum or a minimum when s,Z' + SjTO' + s^n' is a

maximum or a minimum.

We have therefore established quite generally Faraday's

law that an asolotropic spltere suspended in a v.niform field

with freedom to rotate about any diameter will be in stable

or unstable equilibrium according as the number of lines of

force that pass through it is a maximum or a minimvvi.

A particular case of this theorem has already been proved

above (p. 245) for strongly magnetic bodies.

We next apply the formula (87) to deduce the force of

translation in a heterogeneous field.

1. We see that in a uniform field W is constant so long

as there is translation merely without rotation, i.e., there

ii no tendency in an aeolotropic or isotropic sphere to move

bodily in a uniform field.

2. If we suppose the sphere isotropic (i.e., «i
= Sj = Sj = t),

then W = - \rv{al +PI+ yl) = - WvS.". Hence the force

tending"to move the sphere in the direction of ds is

- -r- = hrv-~- - Ti'R -r • l8o>
ds as ds

In other words, the small sphere is subject to a force of

which the scalar potential is \tvW. If then we draw

the isodynamic surfaces R- = const., the force on an

inductively magnetized isotropic sphere will be everywhere

at right angles to these ; that is, the direction of this force

at every point will be tangential to the lines of slope of tho

resultant force, viz., in the direction in which that force

varies most rapidly. In the case of paramagnetic bodies,

for which t is positive, the spheres will tend to move from
places of weaker to places of stronger resultant force ; in tho

case of diamagnetic bodies, for which t is negative, fi-om

placet of stronger to places of weaJcer force. This is the

famous law found experimentally by Faraday, and after-

wards theoretically established by Sir William Thomson.

It must be carefully borne in mind that the lines of

slope of the field are not necessarily coincident with the lines
faces ami

^j force, but may cross them at any degree of obliquity.

As strange mistakes have been made in this matter,' it may be
well to illustrate this statement by a few examples.

In the case of an isolated north pole the lines of slope coincMe
with tho lines of force, which are straight lines radiating from the

pole. In this case a paramagnetic sphere would approach and a

diamagnetic sphere recede from the pole along the tines of force.

The linos of force for a rectilinear electric current are circles of

which it is the axis ; the lines of slope arc strni^'ht lines radiating

from the current. A paramagnetic sphere would therefore move
towards, a diamagnetic sphere awiiy from tho current in a direction

perpendicular to the lihes offorce.

In the case of an infinitely small magnet, whose lines of force are

given by r—c siu'fl, the lines of slope are given byr-^c' 8in*9/co9 9 •

and the angle between the line of force and the line of slope at the

point (r,e) is tan ->{tane(l +cos'e)/(3 + 5 oos-«/}

The theory of isodynamics and lines of slope in tho case of plane
fields of force, i.e., tho.se for which the potential is given by the
equation df\ldx'' + dr\ldy'^ — 0, is remarkably simple. If f— a + iy,

m-x-iij, we know that V-.0($) + i)/(tj), and i^ being functions
depending on the particular case. When those are knowp tho
isodynamics are given by

<t>'(^ii'{ri) — const,
and the hnes of slope 1>"

f|^>- const.

3. Next suppose an teolotropic sphere allowed to move

' That is, the number of lines of force passing through tho siiliero

(see ab-jvo, p. 244).
" S«e Wiedemann, aalvanisnus (ed. 1874), ii. 866 ; Totlluintor

Natwral yhiltaophy /or Beginners, pt. i. § 387.

Csodyiiu

mlc sur-

«lopo.

without rotation in any direction ds. Let the direction .Eolo-

cosines of the field relative to its principal magnetic axes trop"

be t,m,7i, then these are constant during the displacement j'P
®™"

and, if R be the intensity of the field, a^ = R/, JS^ = Em,

v„ = R»: whence

Hence, as before, ili^ resultnnt force of translation on the

sphere is along the line of slope, in the direction in which the

force increases if the body be wholly paramagnetic, in tht

opposite direction if it be wholly diamagnetic.

Besides depending^ on the nature of the field, the force

of translation, on account of the factor s^l^ + s„m^ + s^n",

depends on the position of the body relative to the lines of

force. Bearing in mind the theory of the radii of an

ellipsoid, we have the following proposition :

—

The force of translation on an xolotropic sphere is greatest

when its axis of {numerically) greatest magnetic susceptibility

is parallel to the lines of force, and least when the axis of

(lutmerically) least susceptibility is in the same position.

Or, using permeability instead of susceptibility,

—

The force of translation is greatest for a paramagnetus

sphere when its axis of greatest permeability is parallel to the

lines offorce, for a diamagnetic sphere when the axis of least

permeability is parallel to the linesj>fforce, and vice versa.

Or, yet again, in the words of Faraday :

—

The f»rce of translation exerted upon a paramagnetic

sphere is greatest when it is so placed that thegreatest number

of lines offorce pass through it, ivhereas in the case of a
diamagnetic sphere the force is greatest when it is so placed

that the least number of lines offo/xe pass through it, and

vice versa.

Approximate Tlieoryofilte Action on Bodies ofFinite Size A|.proxi-

in a Non-Uniform Field.—We have seen that, if the square '"-'te

of the susceptibility be negligible, the effect of the form of
JJ'^^'^^j^^

the body and the disturbance of the field arising from the ..'j'^^^jj^'"'

induced jaagnetism may be neglected. In that case we ^„^_

may replace the spheres of the foregoing discussion by

cubjs, and determine the action on a body of finite size

by Integrating the action on the elementary cubes of which

it is composed. Thus the potential energy will be

sarily be homogeneous. From this expression we can

deduce the force under given circumstances.

It is quite easy to see, without any mathematical calcula-

tion, what will happen in a field of force which diminishes

in intensity outwards from an axial line. If we suspend

an elongated paramagnetic body with its centre in the axis

of the field, it will evidently be in stable equilibrium with

its longest dimension placed axially ; for if it were slightly

displaced every little cube of it would move into a place

of weaker force, and would therefore tend to return. If,

on the other hand, the body were diamagnetic, it would ba

in stable equilibrium in an equatorial position ; for any

displacement from that position would bring every little

cube nearer the axis of the field, i.e., into a place of

stronger force, and therefore each such cube would tend

to return.

General Problem, of Magnetic Induction.—It will be

instructive to consider for a little the theorj of inductd

magnetism in its most general form.

We shall suppose the induction to arise from given magnetic force

;ao,/3(„7„), arising from pre-existing magnetism (A|„B„,C(i) or other-

wise. Letters with sufhx 1 denote component* of induced magnet-

ism, of force arising therefrom, and so on. Letters ivithout sufllx

denote components of total force, total magnetization, &c. Thni-

V„, V„ V denote the potentials due to pre-existent, induced, and
total magnetism resiMctively ; and we nave T — Vj -^ V,, and the

like relation in other cases.

Wo suppose all the media within the field to have defltiite

P'M-moHbility ; but there may be rpolotropy and heterogeneity to

any extonl. and discontLBuity alo.ig g^uca surfauea.
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Resolving along tlie principal magnetic axes at (ar/y, »), wo get, ly

the law of induced magnetism, {l.j »n„ n,), (/,, m.,, n,), (/„ iiij, iij)

being the direction cosines of tlie axes s-j, w., wj,

a;, + J.7I, + C111- tri(a?, + ^m, + 7H1) + 4ir(Ao;i + Bonii + Co'ijl

,

lud two limilsr equations.

Multiplying these by /,, ?j, I,, adding and 30 on, we get

ri - Sja + /jyS + <,7 + 4tA|, I

(90),

where

lid. !—that is to say, given functions of x,ij,z.

Besides these, wo have the conditions of normal contintiity for

?i viz.,

da db dc

dx dij d: '

and at »«rrice of discontinuity. A, 11, v being the direction cosines

of the norp.al a. any point from the first medium to the aecond,

(a - aO\ + (S - i> + (c - c> = ,

dashed letters referring to values on the first side of the surface,

undashed letters to values on the second. Z.

From these we get finally, for the determination of V.

and

Hen

^ dx ' dy ' dtj d: ' dz \

+ 1 8tc.
j M+ 1 ''c. !i' + 4»(r,-0

rfA„ . dB„ .
rfCpN

b;)m+(Co-Co')>';

,dT

Po'

(91).

(92).

\ dx dy d:: J
'

Cose of

homo-
geneous

Isotropic

medium
with no
pre-

existing

magnet-
ization

(ro = (A(|-Ao')A-(-(B(

i.t., they are Poisson's volume and surface densities for the pre-

existing magnetization.

It may be shown by a method ' essentially the same as that used
in the articlo Electricity, vol. viii. p. 27, that equations (91)
and (92), with the condition that V be continuous ev*ywhere and
vanish at infinity, lead to a unique determination of Y. When V
is known, A,,B„C, can be found at once from (90).

In what follows we shall confine ourselvea to homogeneous Iso-

tropic media, and we shall suppose that in parts of the medium
inductively magnetizable there is no pre-existing mngnetism. The
equations (91) and (92) then reduce to

(93),

and

(PV dsy d^
dx'* dy^* di^'

(94),

dt>,dv' being elements of normals drawn iuwards in the two media.
Equations (90) reduce to

rt =- wo , h — xrfi , c = zry ;

whence

A,=
1 dV

4>r dy'
^'" (95).

_ _-_i dy
4t' dx' "'"

47r dy' ^'^ " <r dy

From these last, combined witb( 93), we have the im-
portant consequence that the induced magnetization is

Doth Bolenoidal and lamellar. This is true only for homo-
geneous isotropic media in which the pre-existing magnet-
ism, if any there be, is solenoidal.

In all cases such as we are now considering, the part of

the magnetic potential due to induced magnetism may be
calculated wholly from surface distributions at the surfaces
of discontinuity. If o-j be this surface density, we have

rfV (TV'
•f;vT + 4»,r,.0 (96).

dv ' dy

From equations (94) and (96)

,rfV'

'''"''T.'"''d7'
'here K^-^-a- zr')^!,-^' , x^'-iz,'- a)liira.

Let U3 suppose that a body A of permeability »• is sus-

' .See Tliomson, Reprint 0/ Papers on E/ertroslatics and Magnitism,
PP- 548 sq.

pendeJ in a medium of permeability ='. If the Buscepti- Diffei

bilities be small, the forces arising from the induced ''"'.

saagnetism will be so small that the direction of the ^<^''°"'

normal force at the surface of A will be the same as if the

field were undisturbed by its presence.

First, let the medium be vacuum, for which we suppose
»'=»!, then, if A be paramagnetic {i.e., =•>!), Kj will be
positive, and the surface magnetism will be positive where
the lines of force leave the body, and negative where they
enter it. If A be diamagnetic {i.e., w<l), Kj will be

negative, and the magnetic polarity of the body as a whole
will be opposite to what it was in the former case.

Secondly, let the surrounding medium have permeability

a, then K, is positive or negative according as =r > or

<ir'; in the former case A will behave like a paramag-
netic body, in vacuo, in the latter like adiamognetio body
in vacuo.

It appears then that, ly virtue of differential action,' a

body may behave paramagnetically or diamagnetically

according as it is placed in a less or in a more j^frmeable

medium than itself.

In practice it is most convenient in general to determine Poisfcni'a

V, instead of V. The above equations can be easily modified equatioa,

to admit of this. In fact we gat at onc^, remembering that
dV^'/dy'" -d\Jdy, since V^ has no ^liscontmuiJy at the surface of

the media,

<iy,
.

,dV,'
. , ,.dVt n

v;+'''ii;r + ('--')rf,
(98).

These equations, together with the condition that V] be finito

and continuous and vanish at iufiuity, determine V, completely.

Since the induced magnetization is lamellar, we may write

Ai— dfjdx ic, we then get by (95)

^,= -^(V,-l-VJ=-K(V,-fV,) . . . (99).

which give the components of moment iti terms of the known
function V.

The number of cases in which the solution of the induc-

tion problem can be worked out is very small. Besides

those already treated synthetically, one or two more,

affording examples of the general method, will be men-
tioned in the historical summary below. Meantime, we J. Nen-

must not omit to mention an extremely elegant transfor- niann's

mation theorem, due to J. Neumann,* which enables us to
Jj^tion"^

deduce the magnetic moment of any body as a whole under theorem.

the action of any forces whatever, when its magnetization

.

in a uniform field is known.

Let A,',B,',Ci' be the components of induced magnetization pro-

duced in the body A by the uniform field whose components are

o„',Pj',7(|' ; A„Bi,Ci the magnetization produced in A by any field

whatever loa.Ba.yo)- Let/rfu denote volume integration throughout

A ; and consider the function

U "fdvia.K^ -( j3(,B,' + 7oC,')

.

U is known, since we suppose oo.^o.v,, A,',B,',C,' to be known.
But, since A, = ic(oo + o,), itc. A,'= <((0(,' -|- oj'), &c., we have

U-/rfv
I

(^- a,V(a;-ha,')-Hic. . . .

j

"fdiia^ki-^-kc. ) +_/(ii(oi'Ai + kc.) -/dxia^ki -h &C. ).

Now tho last two terms destroy each other ; for they are simply

different expressions for the mutual potential energies of the in-

duced magnetism due to (a,,, flo> 7o) *°^ '" ("o'l ^o'l 7o'), regarded as

separate rigid systems, although coincident in position. Hence ive

get

U - a^fdvk^ -H ;3'o/aDB, + yo'/dvC^ ,

whence

J ' rfao' ' y ^ dPa' J ' rf7„

' Crellea Jour., ixxvii. 44 (1848). The proof given is a modifica-

tion of Kirchhors, CrelU, xlviii. S66 (18541
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Foruu ellii)3oid this gives at one? for the components of

moment

''-r+'^ci:/'"- 'J'rT^/"-^"' ^=it;^A"
An interesting particular case is that of an infinite

cylinder. If P be the component of the moment parallel

to its axis, P= -KffJydz (V„-V.»). If the inducing

system be magnetic bodies at a finite distance, then

V, = V.. = 0, and P = 0. If the cylinder bo magnet-

ized by a spiral current i, of n windings, of whatever

form, then, i- being the radios of the cylinder, P = W^Kt^nO
Generalization of the Theovy for Isotropic Media in

which K is not constant.— In the above theory we have

supposed the magnetic susceptibility to be constant. This

is by no means the case in nature, however. It is of im-

portance therefore to consider how the theory must be

modified when wo assume k to be a function of the

magnetization already induced. Subject to the restriction

(obviously necessary for isotropic media) that the resultant

magnetization shall coincide in direction with the total

resultant magnetic force (^'i), the most general assumption

tint can be made is

A=»/(I)a, U=/(I)e, C=/(I)v . . . . (100^

where/ is a function depending on the nature of the sub-

stance. From these equations, by squaring, adding, and

e.xtracting the square root, we get /(I)/I= 1, ;|i, in other

words, I, and therefore /(I), are functions of '|). Hence
we may write the' equations (95).

A,= F(VOci, B, = F(5rj)/3, C, = F(]S)y . . . (101).

It is easy by means of these to introduce the requisite

modifications into the general equations of magnetic equili-

brium. For the details we refer our readers to KirchholTs

memoir in CreUe's Journal,- where the matter was first

fully worked out. It will be ssen at once that the induced

magnetization is in general neither solenoidal nor lamellar.

Cases ill There is one important class of cases in which the con-
ivhich elusions arrived at on the assumption that k is constant
lhemag-g(jn hold, viz., those in which the induced magnetization

tioii is
'^ uniform. In such cases I has the same value throughout

muXorni. tho body, and k is therefore constant throughout the body
ill any one case, although it difTers from one case to another.

For example, in the case of an ellipsoid the equations

(85) above given for the components of magnetization

still hold good, provided wo understand k to be defined by
the equation

It is clear, therefore, that by experiments on an ellipsoid

placed in a uniform field we could determine the function

F{fi), and also test the truth of tho mathematical theory.

For, Ai,B,,Ci being obtained by observation, one of tho

equations (85) will enablo us to determine k, and the

argument ^1 can bo calculated from'oj,, /?„, y„ and ApBijC,
;

the test of the truth of the theory would be the agreement of

tho three values of k obtained from the three equations (85).

Historical Remarks on tfie History of the Mathematical
Theory.—Although tho Tcntamen of yEpinus, published
in 1759, and tho discoveries of Mayer and Lambert did
much to make clear the exact nature of the problems in-

volved in tho modern mathematical theory of magnetism,
yet the origin of that theory is usually, and with justice,

dated from Coulomb.' Not only did tho results of his

careful and judicious experiments alfordthe means of bring-

ing a mathematical theory to tho test, but the marvellous
eigacity ho di.splaycd in analysing the idicnomcna cn.iblcd

him actually to lay tho foundations uiion which such a

' Kti-clililT. 1. c.

* M'*. del'.Wad. (h I'uiis, 1780. 1785, i.-,

1 ;• ' ' -

'xlviii. 370, is; I.

theory could be constructed. After him, Biot^ and Han- Biot.

steeu,' of whose services we have already spoken, are to be Hanstfi-n

reckoned as pioneers. The theory as it now stands was

virtually created by Poissonin four of the most admirable Poissoo

memoirs " to be found iTi the whole literature of mathemati-

cal physics. In the first two he investigates expressions.fox

the force due to bodies magnetized in any manner; he tlien

applies his formulas to the case of bodies inductively mag-

netized but having no coercive force. Although he con-

fines his investigations to the case of isotropic bodies, he is

quite aware of the general nature of the consequences of

reolotropy, and in fact distinctly predicts as possible the mag-

necrystallic phenomena afterwards discovered by Pliicker

and Faraday. The formulae he gives are practically identi-

cal with those given above (p. 248). He works out in

detail the solution for the case of a hollow or solid sphere

exposed, to any system of inducing forces having a poten-

tial,^ and in particular compares the results, when the

inducing field is uniform, with the experiments of Barlow.

In the second memoir he works out the solution of his

equations for an ellipsoid in a uniform field, examining

specially tho case of an ellipsoid of revolution and its

extreme cases (see above, p. 245). At the end cf this

memoir he discusses the disturbing forces on a compass,

arising from the earth's induction on any distribution of

soft iron, and shows that the given components of tho

disturbing force are expressed by linear functions of the

components of the earth's force, involving nine constants

which depend on the quantity and distribution of the

iron. The third memoir, on magnetism in motion, is an

attempt to explain the phenomena of the deviation of

the magnetic needle caused by rotating metal spheres or

disks. Although the physical interest of this memoir was

in a great measure destroyed by the discoveries of Faraday

as to the true nature of this action, yet, as a piece of

profound mathematical investigation, this work of Poisson's

is still worthy of study ; nor is it perfectly certain that

his theory will not after all be required to explain certain

residual phenomena. The fourth memoir develops the

mathematical theory of the deviation of the compass

caused by tho iron of ships. After Poisson the most im-

portant investigators are Gretn and Gauss. Green's ser- Greea

vices have already been alluded to in the article Elec- Gauss

TKiciTY ; we need only mention here his approximate

solution of the problem of the magnetic distribution ou

cylindrical bars, which gives a formula agreeing with that

of Liot. The all-important work of Gauss has already

been detailed.

In Crelk's Journal for 1818 J. Neumann worked out Neumann,

the solution of tho induction problem for an ellipsoid of

revolution under tho action of any conservative system
;

and six years later, in tho same journal, Kirchhoff worked KircM.- rt

out the case of a circular cylinder of infinite length. We
are not aware that tho solution of Poisson's equations in

particular cases has been carried any farther, unless we

include as new tho case of a hollow ellipsoid treated by A.'

G. Grcenhill in tho Journal de Physique for 1881.

The most important contributions to the general theory

of magnetism since Poisson are to bo found in a series of

memoirs ^ by Sir William Thomson, tho first of which

appeared in tho Philosophical Transactions for 1851. He
divests the theory of Poisson of all particular assumptions

connected with tho two-fluid theory, and bases it on i

* Trai(4de Physique, ISl'J.

* Magnetismus der Erdt, 1819.
* Mhn. de I'/nsl., v., 1821 (two memoin.) ; vi., 1823; anil

xvi., 1838.
' llu Uiil not usu llie word "pouuli.il," although he uses the com-

(jpnniling fiuirliun. ^
» KcrrintcJ ill ISrruDacrth* titf« of Papers on Elednalaltcs aiCd

i
Ma^iielisin,

1 --
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Small number of principles diawn from oljservation. He
enters more fully than Poissori hid done into the specifica-

tion of magnetic distribution. He gives simple synthetic

solutions of the induction problem for spheres and ellipsoids

in a uniform field. He gives for the first time with full

generality the theory of induction in teolotropic media, and
shows that Poisson's theory thus fully developed leads to all

the laws of paramagnetic and diamagnetic action discovered

by Faraday, and also to the laws of magnecrystallio action

discovered by Pliicker and Faraday. The value of his

theory was fully recognized by Pliicker,' and apparently
also by Faraday ; indeed one of its ablest expositors was
Beer 2 the friend and coadjutor of Pliicker. The e.xperi-

menters who followed these.masters were less intelligent,

and the theory of Thomson was for a number of years mis-

understood or neglected, the result being much fruitless

discussion in which the true issues were often confused.

Of fate the theory has obtained wide currency and the
adhesion of every physicist worthy of the name. Quite
recently Thomson's theory has been further developed in

an interesting paper by Helmholtz,^ chiefly with a view to

its application to the phenomena of dielectric polarization.

For the benefit of the niathcraaticnl reader wc ai>iiend a list of
|

the more important papoi-s on tlie mathematical theory of luaguet-
ism that have appeared recently, and are not quoted above:

—

Plana, " Jlemoive «ur la theorie du magnetisme," ^s;. jVnc/i.,

xxxix., 185i ; F. Ni'iimann, VorUsuncjcn, iibcr die Thcoric cks
ilag,v:tismni, delivered 1S57, edited by C. Neumann, 1881;
Kiemann, Sckiiscrc, Slcdrkiiat, tiiid Mitffiuiismits, lectures de-
livered in 1S61, edited by Hatteadorf, 1876 ; Lamont, " Bcitrng
zii einer matlieraatischen Theorie des Magnetisraiis," Sil:lcr. d.

Bayer. Aknd., 1862 ; L "Weber, Ziir Theorie dcr Marjnctisclicn
Induction, Kiel, 1877, seo IVicd. Bcibl, 1878 ; Kowland, SHU-
man's Jour., 1379 (calculation of couple on a body suspended in
a heterogeneous ma;nietic field) ; Boltzmann, " Magnetisirung
cines Eisenringes," IVicd. Bcibl., 1879; Id., "XJebcr die auf
Diamagnete iviikende Kraft," JVien. Bcr., 1879 ; Riecke, Wicd.
Ann., 1881 (approximative solutims of tlie problem of magnetic
inducuoD'.

Indoctiox ts Strosclt J^AG^^;TIC Bodies.

Bxperi- The earliest experimrnts hearing on the mathematical
Bientsj>f iheori; of magnetic induction are those of Barlow* and

Christie, who determined the deflexion of a compass needle
placed in various positions relatively to spberes of cast

|

iron inductively magnetised by the earth's 'force. They i

found that the deflexion a of the compass could be repre-
sented by tana= Asin6cos^sin<^ y, where^ is the angle
between the line of dip and the line joining the centres of

the sphere and compass, and <^ the angle between the plane
of these two lines and the plane of the magnetic meridian.
It was also found that the deflexion produced by a hollow
sphere was as great as that produced by a solid sphere so
long as the thickness of the former was not less than the

•j-irt'i of its radius.

All these results of Barlow and Christie are in agreement
with the theory of Poisson.^ Another con.=equencB of great
practical importance follows from the mathematical theory,
viz., that inside a hollow iron sphere of any considerable
thickness the magnetic force is very small in comparison
with the external inducing force. Sir William Thomson
takes advantage of this principle to render his marine
galvanometers independent of external magnetic force by
eurrounding them with a tube of soft iron.

Along with the experiments of Barlow we may rank

' See Phil. Trans., 1853, p. 587.
' See his Einleituitg in die Elcctrosiatik, die Lehrc vom Majnelisvius,

und die Eleclrodynamik, published after the death of its accomplished
author, under the editorship of Plucker. This is one of the best work.s
on the subject.

' Monatsber. d. Bcr. Akad., 1881.
* Barlow, An Essay on ifagnetie Attractions, London, 1820.
° See Poisson's fitit memoir, or Miixwell, El.ar.dita<].,\o\. ii. ilSS.

Barlow
and
Christie

those of Pliicker" and Droiike" as affording us the means
of testing the general applicability of the mathematical
theory to tlio magnetization of soft irun. In Pliicker's

experiments an ellipsoid of soft iron was fixed in a gradu-
ated brass ring with its longest and shortest axes {n and c)

in the plane of the ring. AVhen the ring was suspended
V itli the longest axis « vertical in the nearly uniform field

between the two flat vertical faces of the jiolesof an electro-

magnet, the mean axis b set itself parallel to the horizontal

line of force ; as the point of suspension was moved along

the circumference of the ring a point was reached at which
the plane of b and a ceased to set parallel to the lines of

force, and the plane of or and c began to do so ; w, the

number of degrees between this point and the end of the

axis o, was observed. The times of vibration, T, and T,.

of the ellipsoid, when suspended so that a and c were vertical,

were then observed. By the theorj- we onght to have

tan-« = T;;i= + c-)ITl['i- + 1-)

.

The value of u calculated by means of T, and T, from
this formula was 30' 13'; the value observed was about
29° The relation connecting T„ Tj, T, according to the

theory is

:«= + lr)IT; + (i= + c-"),.Tc - (c"- + «-)/T; = ;

and the observed values of T„, Tj, T, did, in fact, satisfy

this equation very nearly. Dronke's experiments on cllip

soids of iron and nickel were of a similrr character.

Deviation of the Compass.—One of the earliest and p,rgt ^o-

certainly the most important of the applications of the "vrva

mathematical theory of magnetic induction was the discus- n,!. di »-)•

sion of the deviation of the compass caused by the magnet- a""'',

ism of the iron in ships. This disturbance seems to havt

been first noticed by Wales the astronomer, who accom-

panied Cook on his voyages of discovery (1772 to 1779).

The same thing was noticed during the voyage of D'Entre-

casteaux in search of La P^rouse; and Beautemps-Beaupr6,

ffho accompanied him, calls attention to the errors thence

arising in the surveying of coasts by means of the compasa
Flinders,* using the numerous observations made by Wales
and by himself, endeavoured without success to construct

empirical formulas for correcting the errors of the compass.

He also attempted to correct the errors partially by means
of a vertical bar of soft iron placed near the binnacle.

Barlow' and Scoresbyi" also occupied themselves with the

problem.

The unusually great deviations observed during the

Arctic voyage of the " Isabella " and " Alexander" in 1818
attracted the attention of Poisson, and gave rise to his

memoir on the subject already alluded to Important as

the matter then appeared, it became still more so after the

introduction of iron ships. Investigations both thcoretic.il

and experimental were made in England by Johnson,"

Airy,'- Evan^,'^ Smith," ia It is to Smith that the

mathematical theory as it now stands is mainly due.

The cause of the deviation of the compass is twofold ; ^aus*

it arises partly from the permanent magnetism of the ship,
fjp'j,"'

partly from the temporary or induced magnetism. The
permanent magnetism of the ship is acquired for the most

part during the process of building. The earth's force acts

on the iron, and the constant jarring in the process of con-

struction enables it to induce a considerable permanent

magnetization, which the ship carries with her to sea. The
quantity and distribution of this magnetism will depend

greatly on the build of the ship (whether of wood or of

' Po'jg. Ann., 186i
» lb , 1881.

J'/4., 1836.

= Phil. Trans., 1858, p. 555.
6 Phil. Trans., 1805.
" lb., 1819 ami 18C2, ic
"lb., 1839, &c.
" See-AdmiraHy Monvitl fur the Deviation of the Compass, 4lb cd

1874 ; also a very interesting; obitii.-iry nctictt of Smith by Hii W
Tliom<;on, Proc. Pioy. .S"c. Lond.. 1874-
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iron), and on her position with rcspeci. lo tlie magnetic

meridian during building. A considerable portion of it is

what Airy calls subpermanent , i.e., it diminishes gradually

as the ship is worked. This t»agQetic settling down will

take place more rapidly in a steamer which is constantly

agitated by the jarring of maciiinery than in a sailing

ship, unless the latter be subjected to shocks from the

impact of waves in rough weather. After a time the

ship reaches a more or less stationary condition as to per-

manent magnetism. Along with the phenomenon of sub-

permanent magnetism has to be classed what is sometimes

called the sluggishness of ships' magnetism; this arises

from the fact that all the temporary magnetism of a ship

.vhich has sailed for some time on any one magnetic course

in any one latitude does not at once disappear when the

course or the latitude is changed, sc that to the permanent

magnetism of the ship has to be added a subpermanent

magnetism depending on her course and position several days

before. It is evident that the cause of disturbance at pre-

sent under discussion is somewhat capricious, and can only be

controlled by constant attention on the part of the mariner.

The temporary induced magnetism depends on the ship's

position on the earth, and on her angular position relative

to the magnetic meridian ; but, so long as the iron in the

ship or the position of the compass is not altered, the con-

stants which determine it remain the same ; the disturbance

can bo foreseen, and either allowed for or mechanically

corrected with much greater certainty than in the case of

the permanent magnetism.
ilalhematical Formula for Ike Deviation.—Let the origin be at

the centre of suspeusion of the compass card ; and let the axes of

tc, y, and sbs drawn in the direction from stern to head, in the per-

pendicular direction from port to starboard, and vertically down-
wards respectively, the ship for the present being supposed to be

on even koel. Let P, Q, R be the components of the magnetic

force parallel to these axes arising from the permanent magnetism
of the ship ; x,y,z tlie components of the earth's force ; and ar', y', s'

the components of the whole force at the centre of the compass
card. Then

ui^x + ax + hy + cs-tV 1

2/'= y + (;a; + fi/+/j+Q t (103)

are, according to Poisson's general theory, the fundamental
equations of the subject. P, Q, R are constants depending on the

permanent, and a, b, c, d, «,/, g, h, k constants depending on the

temporary induced magnetism.
By a synthetic process of great interest and importance we may

show that the nine constants a, t, c, d, «,/, g, h, k are all independ-
ent. For example, if we place a rod of practically infinite length
with its end before the binnacle, and stretching forward, or with its

end abaft the binnacle and stretching aft, it will give rise to the
term ax in x'. If a be negative the rod must be finite and it must
run under the binnacle, ending a little fore and aft ; again, to

represent dx, we must have a pair of infinite rods with their ends
to starboard and port of the binnacle, and running fore and aft or

aft and fore respectively, according as d is positive or negative
;

finally, to represent gx, a pair of infinite rods with ends above and
below the binnacle, running fore and aft or aft and fore respectively.

The reader will have no difficulty in completing the scheme, the
rule being that the ends lie in the direction of a;', y, or s', »nd
the lengths in the direction of x, y, or z.

From' equations (103) the deviation of the compass is expressed in
terras of the magnetic or of the compass course as follows. Let
H bo the horizontal force of the earth ; H' the horizontal force of

the earth and ship; 9 the dip; f the "magnetic course," i.e., the
azimuth of the ship's head eastward from magnetie north ; f the
"compass course,' i.e., the azimuth of the aliip's licad eastward
frorn the direclion of the disturbed needle; S-f-f the easterly

deviation of the compass. Then
H'
^sin8 = 3l-^•Bsinf+Ccosf+psin2f+(£cos2f

)

ihert

H'
--T5C03fi-l + Jicosf-(Csinf+gcos2f-€8in2f

- rt + « „ d-b „ a-e ^ rf + ft

A"" 1 +

(104),

2\
C-:

2\

»4(ctan(» + ^-). c4(/tan(; +
fr).

From (104) we get_

tanj=-
?l + S sin f-^ffcos^f+gsin2f+gco»2f

251

(105),
1 -^ ^cosf- (Ksin f -(- § C062f- «sin2f

which gi .-es the deviation on any given magnetic course.

From (105) we get by substitution

sm8 = giCOS8-l-Ssinf' + Ccosf' + Slsin(2f-h8) + £cos(2f'-h8)(106),

an Equation connecting the deviation with the compass coarse.

When the deviation is ^ot greater than 20° or so, then (106) may
be replaced with sufficient accuracy by

8=A-hBsinf' + Ccosf+Dsin2^+Ecos2f . . (107),

where %, g, ff, J), €^. are nearly the natural sines of A, B, C, D, E.

In the above it is supposed that the ship is on even keel. Strictly

we ought to take into account both the pitch and the heel of the
ship ; iu practice the pitch is always bo small as to be of no conse-

quence, but the heel, especially in a ship under sail, may be very
consideiable. When the ship heels through an angle i, the deviation

is obtained from the above formulae by writing a,-, h, &c. , in place

of a, h. Sic, where

Oi— a, 5i=ocosi-eBinf, cj— ccosi+Jsini,

di^dcosi-gsini, ei => c - (/+ /») cosi sini-(c-k) sin's,

/i=/-f(e-i)cosisini- (/+A)sin'i, gi^gwii+diini,
h,'=h + {e-k)eosisini-{/+h)sin-t,

ki==k + {/+h)coaisiai + {e-k)sin.'i,

ri = F, Qi = Qcosr-Rsiuj, Ri = Ecosi-t-Q3in».

If the soft iron be symmetrical with respect to the fore and aft

central line, and if i be so sm \11 that its square may be neglected,

then

A( = A, P/=P, 3. =^', <f'-
e + ff.

IT''

€i^C + j(e- i-^^tauei-iE+Ji;

and if 8; represent the deviation for the given compass course C
when the snip heels i to starboard, 8 the deviation on the same
course on even.keel, then

J,-8 +^^i + Jicosf- ^icos2r . (108).

The part of the deviation which depends mainly on % is called Constant

the "constant deviation"; it can only arise from horizontal in- devia-

duclion on soft iron unsymmetrically placed.
_

^-tion.

The pait depending mainly on D and «, vi^., Bcosf'+ Csinf, Semicir-

is called the " semichcular deviation" because it vanishcj andculard*

changes sign on two diametrically opposite compass courses, or viation.,

neutral points. The principal coefficient of the semicircular devia-

tion is g = (ctanff + P/H)/A. ; ctanff/A. arises from vertical induc-

tion in soft iron before or abaft the compass ; P/aH arises from

the permanent magnetism of the ship. The second coefficient £ =
(/tanfi + Q/H)/A consists of /tan9/A, arising from soft iron unsym-

metrically placed, and therefore in general very small, and Q/aH
arfting from permanent magnetism. ^ can be reduced to zeroby

a faaguet placed fore and aft with its centre in a transverse vertical

plane passing througli the compass, € by means of a transverse

magnet in a fore aud aft plane through the compass.

In wooden ships the courses for which the semicircular deviation

vanishes are nearly north and south ; but in iron ships they

approximate to those points of the compass towards which the stem

and stern lay in building.

The terms D sin 2?'+ Kcosaf, depending mamly on the constants

J) and e, are called the "quadrantal deviation." This part is

alternately easterly and westerly in the four quadrants, vanishing

on four compass courses. 5 = (a - e)/2A is the principal coefficient

of the quadrantal deviation ; it depends on horizontal mduction in

symmetrically placed fore and aft or transverse soft iron. It is in

general positive, and in that case can bo reduced to zero by tivo

transverse rods with their ends symmetrically placed to starboard

and port of the compass. In practice two hollow spheres an inch

or so thick are used instead of the rods. The other coefhcient

S.'=(d + b)l2K is in general small, as it depends on horizontal induc-

tion in soft iron unsymmetrically placed. It is only when the

ship heels that this co'efficlent is in general of any importance.

Whereas the semicircular deviation depends both on the geo-

graphical position of the ship and on the sUte of its subpermanent

magnetism, the quadranUl deviation is independent of both, and

can be corrected mechanically once for all, or allowed for by means

of tables constructed from observations made in any one place.

The amount of the semicircular deviation in England does n<*

exceed 10° for wooden ships of war, but in iron-built ships it fre-

quently exceeds 30° oven at the standard compass. ^Tho quadrantal

deviation in wooden ships does not often exceed 1° or 2°
;
in ordi-'

I nary iron ships it ranges from 3° to 7°, but iu some armour-plateJ

I

iron ships of war it has reached as much as 8i° at the standard

I compass, and 15° for compasses less favourably placed.
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The chief part of the heeling deviation is the term Jscosf,

depending on the coefficient J = (e-t-R/Z)tan9/A. This coefti-

cient may be reduced to zero by increasing or diminishing the earth's

vertical force by mean: of a vertical magnet under the compass.

The nsnal way of ascertaining the deviations of a ship's

compass b tP
" swing " the ship gently round so that her

head comes into various positions, and to observe with the

compass the magnetic bearing of some well-defined distant

point (compass mark) on shorn The true magnetic bearing

of this point is then ascertained, which may be done by

taking the compass ashore, carefully placing it in a line join-

ing the compass mark with the point on board at which

the compass was formerly placed, and then taking the mag-

netic bearing of the mark once more. Care must of course

be taken that there is no local magnetic disturbance at the

shore station. The differences between the bearings on

board and the bearing on shore give of course the devia-

tions for the various positions of the ship's head.

When the deviations have thus been ascertained they

may be either corrected by means of tables, by graphical

methods, such as the steering diagram of Napier or the

dygograms of Smith, or mechanically as we have partially

explained. For full details on the subject the reader

should consult the Admiralty Mamial on the Deviation of

the Compass.

Thorn- Of late years Sir W. Thomson has devoted his great
eon's scientific knowledge and well-known practical sagacity and
compass,

inyentive skill to the improvement of the compass. By
reducing the size of the magnets and increasing their

number he has succeeded in reducing Airy's apparatus

for the mechanical correction of the quadrantal deviation

within convenient bulk, and by lightening- the card and

suspension of the magnets in a very ingenious manner
(at the same time throvring all the remaining weight as

much as possible to the circumference) he has reduced

the friction on the pivot to a minimum while retaining

a sufficiently long period of vibration to secure perfect

steadiness. He has also contrived apparatus for facilitat-

ing the determinations of the deviation on different courses

and of the heeling error.*

Ei-peri- The experimental investigation of induced magnetism
mental reduces itself mainly to the investigation of the dependence

of the 'magnetic susceptibility « ^ (or the magnetic per-

meability tr) upon the magnetizing force |). Confining
ourselves to the strongly magnetic metals, iron, nickel, and
cobalt, it will be seen presently that k depends, not only
upon ^, but also upon the magnetic condition of the body
it the actual moment when g is in action, and upon its

previous magnetic history, k also depends greatly on the

'.emperature, on the state of the body as to purity (notably

in the case of iron and steel on the percentage of carbon
present), and on the temper. Thus, if we make one
experiment on a body by magnetizing it in any way, we
permanently alter its magnetic properties, and can restore

it to the magnetically virgin condition only by heating
it to a high temperature ; but in this process we are very
apt to permanently alter its molecular condition, so that,

although magnetically indifferent, it is physically changed.
Owing to the fact, already insisted upon, that we cannot
infer the magnetic distribution inside a heterogeneously
magnetized body from its external magnetic action, and to

the fact, presently to be established, that k varies with %
• For a description of his compass see art. Compass, vol. vi. p. 228.

Detailed descriptions of the compass with instructions for its adjust-
ment are issued in the form of a small pamphlet (Maclehose, Glasgow,

'^ It is sometimes called by Continental miters the magnetizalion
function. They have also a habit of speaking of the ratio of whole
magnetic moment of a body of .any form divided by its volume to the
strength of the field in which it is phiced as the magnetization function
for that particular form. This Is a most inconvenient practice, and
has led to considerable confusion.

diidcol

ties."
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it is of the last importance to choose the experrmental Irepot j

circumstances so that both the magnetic field and the in- ^'^^ " •

duced magnetization shall be uniform, or very approximately '"'°*"i (

so. A further necessity for the fulfilment of these con- \^J\^ f
ditions arises from the fact that we must in all cases be
able to render an account of the effect of the /orm of the
magnetized body, because the true argument of k is not

the strength of the original field but the whole force ^
due to the original field and the induced magnetism
together. •

The simplest method for securing a uniform field whose
strength can be controlled is to place the body inside a
hollow cylindrical coil (usually called the magnetizing

spiral), whose length so far exceeds that of the body that

the disturbance arising from the ends of the coil may be

neglected in the neighbourhood of the body. The results

in all cases where the length of the body or core is nearly

equal to or exceeds that of the coil are impure, and can

only be used with the greatest caution in drawing general

conclusions as to the value of k. The core should always Best

be either exactly or approximately one of the calculable form ot

forms, but preferably such that the dimension parallel to
'^°'*'

the axis of the spiral very much exceeds the others,

because in this case the effect of the form is of secondary

importance compared with the effect of the susceptibility

(see above, p. 245). Thus a very thin cylindrical core

is convenient, because the force inside it differs very little

from that of the undisturbed field, and any small

difference can be easily calculated by supposing the

cylinder replaced by a very elongated ellipsoid. On the

other hand, a thick cylindrical bar is a bad form of core

for the determination of k, both because the magnetizing

force inside it is less than the intensity of the undisturbed

field by a large quantity, which it is impossible to calculate,

and because the magnetization at the end is not uniform,

and the disturbance thereby arising is so great that it may
mask the general character of the function k altogether;

A further question arises as to how far the time during

which a magnetizing force acts affects the resulting v

magnetization, whether temporary or permanent. It is also Dist iiji

important to consider the disturbances arising during the ^'^'v'
*''

make and break of the current in the magnetizing spiral. ^ "

As the resistance in the circuit is usually small, and the break

self-induction and capacity sensible, oscillatory currents

may arise ; to these wUl correspond oscillatory magnetizing

forces, which may even vary in sign. When we consider

that the permanent magnetization produced by any force

may be very much weakened or even altogether destroyed

by a smaller force in the opposite direction, it is evident

that we have no right to conclude that these distutbances,

especially at break, will be without effect upon the per-

manent magnetization. In order to elude these diflSculties,

some experimenters have followed the practice of first

establishing the current, then gently' introduciug the core

into its place, and finally removing it before breaking the

circuit. In this way the disturbances just alluded to are

avoided ; but another difficulty is raised, for it is clear that

in this operation the core passes through a heterogeneous

field before it reaches the final position where the magnetiz-

ing force is uniform ; different parts of it have therefore

been subjected successively to different influences, and we
are not at liberty a priori to conclude that this fact will

not influence the results. Perhaps the best plan would be

to place the core in its position, and allow the current to rise

very slowly to the maximum value required, and then to

fall slowly to zero. This, however, is not the place to

dogmatize concerning the best method o' experimenting

;

all that is necessary is to furnish the reader with points of

' Carefully avoiding all shocks or tremors which exercise a very
impor;a\.i influence on the induced magnetism, see below, p. 268.
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ciew from which to criticize the experimental results now
to be cited.

In the researches of Lenz and Jacobi * the magnetic
moment of the core was measured by the induction current

in a secondary coil placed upon the magnetizing spiral. A
considerable portion of their work was directed to proving

principles which we here take for granted, e.g., that the

magnetizing force is independent of the thickness of the

wire of the magnetizing spiral, of the radius of its wind-

ings, and so on. They concluded from these experiments

that the magnetization is proportional to the magnetizing

force J
i.e., k is constant for a given quality, &c., of metal.

The experiments of Joule,^ which were made independently

about the same time, led in general to a similar result.

His method consisted in measuring by means of a balance

the attraction P between two electromagnets actuated by
the mme current C. If the magnetization of the core were
strictly proportional to the magnetizing force, i.e., to the

current, then P wjould be proportional to C-, and P/C^
would be constant. In most cases this was so ; but in

two cases, where tlie cores of the electromagnets were very

thin and the windings more than usually numerous, the

ratio P/C- was found to decrease as the current increased.

This shows that the magnetization tends to a maximum
value as the current increases, in other words, that, for

very large values of ^, k decreases,

Miiller,* using the method of deflexions, arrived at a

similar conclusion. His cores were 56 cm. long and from
9 mm. to 44 mm. thick, his magnetizing spirals from 48'2

cm. to 53'2 era. long; his results are therefore impure, and
the empirical formula by means of which he represents

Ihera of comparatively little importance ; but the approach

to a maximum of magnetization (saturation) is quite

clearly demonstrated. He found, in accordance with
theory, that if we increase the external magnetizing force

(^q) saturation is more quickly reached in thin than in

thick bars. Sotaewhat similar experiments were made by
Von Waltenhofen,* who deduces ^ from some of his own
experiments with very thin cores, and from the experiments

of Miiller, Weber, and Dub, 1678 to 2125 mm. mg. sec.

units of magnetic moment per mg. of iron as the i^aximum
of magnetization. This would give from 1317 to 1668
C.G.S. units for the maximum magnetic intensity in iron.

These numbers, derived from more or less impure results,

are merely rough approximations, but thej' agree very well

with those derived at a later date by methods less open to

theoretical objections.

The approach to saturation may be very neatly demon-
strated as follows.* The same current is sent through a

galvanometer and through the coil of an electromagnet

with a thin core. The electromagnet is so placed that its

action on the needle of the galvanometer just compensates

the action of the galvanometer coil for a particular strength

pf currerit ; the needle then points to zero. If now the

current be increased, since the increase of magnetization does

not keep up with the increase of the current, the action of

the coil jjrevails, and the needle deviates accordingly.

The most extensive and important of the earlier

researches into the general nature of magnetic induc-

tion are those of Wiedemann.^ An epitome ' of his

results, with references to coBtemporary or preceding

researches iu the same direction, will put the reader in

possession of almost all &ie more important general facts

^ Pbgg. Ann., xlvii., 1839.
' Stui-geon'a Annali qf EUdricity, vol. iv., 1839; Phil. Mag.,

•er. 4, vol. li. ' Pogg. Ann., Ijcxix., 1850.
4 c...i.^ J .... ,, , ,r,^, i Pogg. Ann., cxxxvii.,lS69.oiiwrr. a. ii ten. AKoa., iBca. - i mjy. y...».,

• Kooseo, Pogg. Ann., 1852 ; also Dnb, /*., 1853.
' Pnnn Attn r. IflRT. Ih /.v'

"n-" "
- ivooscD, t-ogg. Ann., leoa ; an
' Pogg. Ann., c, 1867 ; lb., cvi,

' Abridged from the author'a o

S§ 309 sq.

,1862., 1859 ; lb., cxvii.,

own work, Oalv^niamui. Bi

known until the quantitative experiments of Stoletow,

Rowland, and their followers gave a complete account of
the general characteristics of the function k.

In thesG experiments the method of deflexion was used.'

The magnetizing spiral was placed magnetic east and west,

and in the continuation of its ajus was hung a magnetic
steel mirror in a thick copper box to damp its oscillations.

The deflexions of this mirror, read as usual with a scale

and telescope when the core was not in, gave a measure of

the current; and the increase of the deflexion on introduc-

ing the core gave a measure of the magnetic moment of

the core. The cores were cylinders 22 cm. long., 1'35 cm.
thick, and the length of the spiral was only 24 cm.,-rso
that perfectly pure results could not be obtained. To
compensate to some extent for the shortness of the spiral,

the bars were gently drawn to and fro several times

before being placed in the final position for which the

reading was taken. In order to measure the permanent
magnetism the core was removed, the current broken, the

core returned to its former position, and a reading again

taken. The conclusions arrived at were as follows.

I. When a steel or iron bar is magnetized for the first Max!

time by a current C, the temporary moment K produced n""" <^

during the action of the current at first increases faster ]^^^^'

than the current, then more slowly, and finally tends to a and

Qiaximum, as shown by Joule and Miiller, The period of tumiDg

quicker increase is more marked in long than in short po'"*"

bars; it shows itself even on remagnetizing bars that have

been several times magnetized and demagnetized. As C
increases, the maximum of K is reached sooner in thin and

long bars than in short and thick bars. Between the

period of increase of K/C and its period of decrease there

is no period of any considerable length for which it is con-

stant. This last fact may be shown by means of the

experiment of Koosen described above; viz., if the com-

pensation be made for very small currents, when the

current is increased, at first the electromagnet prevails,

and the needle goes to one side of zero, then the current in

the coil prevails, and the needle returns towards zero, and

finally deviates on the other side.

The point at which the ratio K/C has its maximum for

any particular electromagnet is called by Wiedemann the

" turning point " (Wendepunkt). The turning point relates

to the body as a whole, and the value of the external

magnetizing force P„ for which it occurs depends both on the

form of the body and on the nature of the metal. It has

therefore no very definite physical meaning. It must be

carefully distinguished from the "saturation p^int." Any
element of a body is said to be magnetized to saturation

when no increase of the magnetic force can increase its

magnetization any farther. It may happen, however, that

some parts of a body are magnetized to saturation while

others are not. With regard to the turning point. Dub •

has shown that with similar and similarly wound cores the

turning point occurs for the same value of the current.

This is of course in agreement with an obvious corollary

of the general theory of magnetic induction.'*

II. In a freshly" magnetized bar the permanent moment

which remains after the action of the current has ceased

at first increases quicker than the producing current ; but

for stronger currents a turning point is reached ; and then

the moment increases more slowly than the current, and

approaches a maximum.
III. In attempting to destroy the permanent magnetism

of a bar by means of a demagnetizing current, it may
happen that a current, which, during its action, already

» Pogg. Ann., 1868.
'" See Thonuon, quoted by Joule, Phil. Tram., vol. cxlvi., 1865.

' T.iti Is, after being heated wbtte hot to destroy all pre-exieUng

Diagnetism.



254 MAGNETISM
produces a temporary magnetic moment of opposite sign,

still leaves ou ceasiug to act a permanent magnetic moment

of tlie same sign aa before, although less in amount.^ On
increasing the demagnetizing current still farther the per-

manent moment is at last destroyed. In this process the

permanent magnetism decreases faster than the demagnet-

izing current increases,—so that the current required to

destrey a given permanent magnetism is less than the current

that originally produced itJ

IV. When a fresh bar has been magnetized with any

permanent moment, and then demagnetized by a current

_C', opposite to the magnetizing current C, a second

application of - C, or of any wealcer current in the same

direction, will not produce a reverse permanent moment,

although a current C in the same direction as C will

magnetize the bar permanently in the original direction

more or less strongly. It follows therefore that demagnetiz-

ing by an opposite magnetic force, although it may destroy

the permanent magnetism of a body, does not render it

magnetically indifferent, as heating to a white heat would

do. The body remains in fact more easily magnetizable in

one direction than in another.'

V. In certain cases a fresh bar was magnetized by a

current C, and then partly demagnetized; it was then

found that a current C was required to bring it back to its

original permanent moment
VI. In another case a fresh bar was magnetized by a

current C to permanent moment K, then reduced by a

demagnetizing current C to permanent moment K', then

by a direct current C" less than C brought to permanent

moment K". It was then found that a current C was

necessary to bring it back to permanent moment K' ; and

this held whether K' was positive, zero, or negative.

Repeated VII. When a bar is repeatedly magnetized and demag-
tuagnet- uetized by currents of the same intensity, the permanent
izatioa magnetic moments corresponding to a given force become,

^"wnst-
'° begin with, a little greater than at first; to begin

ization' with, they increase faster than the magnetizing force,

though not so fast as at the first. The turning point,

however, occurs for a weaker current than before.

The magnetization obtained with the strongest current

gradually decreases a little. The moments left by the

demagnetizing current decrease less rapidly than before,

80 that a current at first capable of demagnetizing the bar

altogether leaves after repeated magnetization and demag-

netization a slowly increasing residual moment. After a

large number of repetitions of the operation of magnetiza-

tion by a "current C and demagnetization by a current

— C, the bar finally reaches a constant state, so that each

magnetization and demagnetization leaves a corresponding

invariable permanent moment. When wo pass beyond the

limits C and - C, these phenomena are repeated in the

same order as before.*

VILL iUl the above phenomena ai-e most clearly seen

in hard steel, less clearly in soft steel and iron. For small

magnetizing forces the temporary moment in hard steel is

less than in soft steel, and greatest of all in soft iron. The
jeneral rule is, the harder the material the less the tem-

porary and the greater the permanent moment for a given

magnetizing force.

IS. If, kowever, we consider the ratios of the temporary
moments in soft steel and iron to the temporary moment
in hard steel, all for the same force, then these ratios

decrease gradually as the force increases ; so that the tem-

' See Poggendorff, Pogg. Ann., 1852.
' This result had also been arrived at by Abria, Ann, d. Chim. ei

d. Phys., 18U; and by Joule, Phil. Mag., 1847, Phil. Trans., 1855.
' Similar conclusions were arrived at by Ritchie, Phil. Mag., 1833

;

Jacobi, Pogg. Ann., 1834 ; Marianini, Ann. Chim. ei d. Phys., 1846.
* On the same subject see Jonle, Phil. Trans . 185(5 ; also Von

Waltcaholen. Pojg Ann.^ 1864.

porary moment in soft iron reaches its maximuna sooner
than in soft steel, and still sooner than in hard steel.^

The 'earliest experiments from which definite values of Earliei

K have ^een calculated are those of Weber.'' A cylindrical ^'"'"m

bar, 10 02 cm. long and -36 cm. thick, was placed inside a"^"'
spiral so long that the magnetizing force throughout the

length of the bar could be assumed to be nniforni. The
moment of the bar was measured by the method of deflex-

ion, the action of the spiral on the deflected magnet being'

compensated by means of a part of its own circuit suitably,

arranged. The intensity of the current in the spiral was
found in absolute measure by means of a tangent galvano-,

meter. Assuming that the bar could be replaced by a very

elongated ellipsoid, Kirchhoff calculated by means of the

theory explained above (p. 249) the values of k for values of

|) ranging from 29 -6 to 2484 (C.G.S. units), and found that

it decreased steadily from 25 '0 to 5'G. In the experiments

of Von Quintus Icilius ^ bars were used which had been Qniutu/

reduced by filing as nearly as possible to the form of Iciliu*

ellipsoids of revolution. The magnetic moments were

measured partly by the deflexion method, partly by tho

method of electromagnetic induction. In this last method
a secondary spiral is placed upon the magnetizing spiral,

and the induced current in it, caused by reversing tlio

magnetizing current, is observed first when the ellipsoid is

in the magnetizing spiral, secondly when it is not. When
these currents are known in absolute measure, the moment
of the ellipsoid can be calculated. The experimenter did

not himself reduce his results so as to obtain k, but eon-

tented himself with remarking that the ratio of the wholo

moment of the ellipsoid K to the strength of the

undisturbed field ^Ij reached a maximum as '^^^ was
increased, this maximum occurring for smaller values

of Pu the more elongated the ellipsoid. The true meaning
of his results was brought out by Stoletow,^ whostoipou

reduced them, and established the interesting fact that, tioiii°

as the magnetizing force' ^ increases from very small

values, K at first increases rapidly, then reaches a maximum,
and afterwards decreases more slowly. For one ellipsoid

K increased from 30'5, for ^ = -24, to a maximum 120'4,

for |) = 4-56, and then decreased to the value 39-4, for

^ = 30'07. In another, the initial value was 20'1 for

^ = '518, the maximum value 107'.') for |j = 4'92. and the

final value 2-86 for g = 454-1.

Thal^n, adopting a method indicated by Wcber,^*' Thr h

determined the value of k for small magnetizing forces.

Long bars were placed in the axis of a cylindrical coil con-

siderably exceeding them in length. This coil was caused

to rotate ISO" about a horizontal axis, so that the

magnetization induced by the earth's vertical force was
reversed relatively to the coil.^ The current thus caused

'was meaured by means of the swing of a galvanometer in

circuit with the coil ; from this (see above, p. 240) the

moment of the induced magnetism was calculated ; and

thence, assuming the bar to be replaceable by an ellipsoid,

K was calculated. From three bars of the same metal

each 400-4 mm. long, having diameters of 36-4, 2994,
and 23 -87 mm. respectively, the values of k deduced were

32-32, 31-80, and 32-64. For other specimens of iron
.

he found values of k tanging from 27-24 to 44-23.

' Similar results by Pliicker, Pogg. Anil., 1852 and 1855.
' Eleclrodynamische Maasiesiimmungen, Bd. iii. § 26.

^ Pogg. Ann., cxxi., 1864. Similar results were obtained by
Oberbeck, Pogg. Ann., cxxxv., 1868.

^ Pogg. Ann., cxlvi. p. 443, 1872.
• $ hei-s means the whole magnetizing force, arising partly from

the inducing field and partly from the induced magnetism. Experi-

menters have needlessly complicated the already complex problem t (

ferro-magnetic induction by neglecting the all-ioiportant distincticn-

between J5 and "f ,.

'<• Abh. d. GM. Oesdlschafl, BO. C.
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A set ot observations on ellipsoids of revolution were

made by Riecke,* by the method just described. The
ellipsoids, seven in number, were all cut from the same
piece of soft iron, but varied in volume and in eccen-

tricity. The resulting values of k were found to be

independent of the volume of the ellipsoids and of the

part of the iron from which they were cut ; but, on the

other hand, with one slight exception, they increased with

She eccentricity of the ellipsoids. Kohlrausch, in com-
municating these results to Po;jgeHdoi-ff's A iinalen,TeranTkei

that they stand in contradiction with the theory of Poisson

and Neumann ; in so saying he probably considered the

constant vsrtical force of the earth (^q) to be the argument
of the function k ; but this is not so, as Stole^ow points

out in the paper already quoted. The actual magnetizing

forces are greater in the more elongated ellipsoids ; and
Riecke's results simply prove that for values of ^ varying

from -031 to -072 k increases from 13-5 to 25-4.

In order to establish the initial increase of the

magnetization function k beyond all doubt, Stoletow (I. c.)

made a new set of experiments on a carefully annealed iron

ring- of rectangular section (exterior diameter 20 cm., in-

)GOl-

terior diameter 18 cm., height 1-47 cm.). The ring was care-

fully wound throughout with a primary coil of n ( = 800)
windings; over this, in one or more shorter or longer
stretches, was wound a secondary coil of n'( - 50 to 750)
windings. The induction current in the secon^lary, due to

the reversal of a known current i in the primary, was sent

through a galvanometer, and thus measured. If E be the

electromotive force of this current, then (see above, p.

246) E = 4n»'t(47rKM-f P), where M and P can be cal-

culated from the dimensions of the ring and its primary
coil. All then that is necessary is to know E/i in absolute

measure. We refer the reader to the original paper for

the details of the measurements. The results are very

interesting, and fully confirm the conclusions drawn from
the results of Von Quintus Icilius and Riecke. The smallest

value of ^ was "43, and the corresponding value of k

21-5; the maximum value of k was 174, for |S = 3-2;

the last value observed was k = 42-1, for ^ = 30-7. The
temperature varied from 15° C. to 20' C, but it appeared
from the experiments that k did not alter much for moderate
changes of temperature. In figure (34) is given a
transcription of the curve that represents the results of

Stoletow's experiments ; the abscissa; represent the values

of ^ in C.G.S. units, and the ordinates the correspond-

ing values of k.

About the same time as Stoletow, and independently,

Rowland ' made a much more extensive series of experi-

ments, the results of which form one of the most important
contributions yet made to our knowledge of magnetic
induction. The experiments were made partly on very

long bars ; but the published results were mostly obtained

from rings, it having been found that the effect of the ends
of the bar was sensible even when the length was as much
as 144 times the diameter. About a dozen rings of iron,

nickel, and cobalt were used ; the section was circular in

all cases ; and a primary and a secondary coil were used
as in Stoletow's experiments. The primary current was
measured by means of a tangent galvanometer in which 1,

3, 9, 27, or 48 coils could be brought into operation

according to the .sensibility required. The induction

current in the secondary was measured by the swing of a

Thomson's galvanometer fitted with a heavier needle than
usual. The indications of this last were reduced to absolute

measure by taking the swing caused by turning over a

• Pogg. Ann., cxii., 1870.
• A method suRRcstetl by KirohUoff, Pejg. Ann., ErgbJ. v., 1870.
^Phil. Mp'J., 1373, 1874. I

! horizontal coil of known area, inserted in its circuit, so as

to produce the full induction current due to the earth's

vertical force. In order to obtain the total induced
magnetization the primary current was reversed. To
obtain the permanent magnetism it was simply broken

;

this gives the part of the induced magnetism that

disappears with the inducing force (temporary magnetism
Rowland calls it) ; subtracting this from the total mag-
netization, we get the permanent magnetization. Care
was taken in these experiments always to work with

magnetizing forces of ascending magnitude, as it was
found that the effect of any force is considerably modified if

a greater force has previously acted on the body,—in other

words, that the magnetic permeability of iron or steel is

much affected by pre-existing permanent magnetism. This

fact raises an objection to the ring method ; for per-

manent magnetization in a ring is not easily discoverable,

and would give it a one-sidedness, so that a magnetizing

force would produce much more alteration when exerted in

one direction than it would when exerted in the other.^

Rowland publishes about thirteen different tables, relating

to rings of iron and steel in different states, and also to

nickel and cobalt, under different conditions as, to temper.

* Sec Eowlaud, Phil. Mag. (4), 48, p. 336 ; alao aboTe, p. 254.
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magnetization, and so on ; the results for cobalt are, how-
ever, held to be less satisfactory than those for iron "and

nickel, for a variety of reasons which he assigns.

In treating his results graphically, two methods are

followed. In the first the magnetic induction g is plotted

against the magnetizing force ^ as abscissa. Figure 51
shows the curve obtained in this way from one of his

tables. In the second method (1) the permeability » is

plotted against the magnetic induction ^, or (2) the

susceptibility k is plotted against the intensity of magnet-

ization |. Either variety of the second method leads

to a curve having the general form shown in figures 35

and 36.

^,0017 U.OM IS.OOO

Fir. 35.— Curve 3-$ fi-r Iiun.

Fio. 86.—Carves

2000 40U0 tOOO

n-^ for Nickel at diCTereiit temjKratures.

The curves obtained, whether for v and g, or for k and

J, fall very rapidly, and ultimately to all appearance almost

straight, towards the axis of ^ or g. This suggests that

§ or I or botji reach a maximum when ^ is increased

indefinitely. Supposing such an increase of ^ possible, the

question arises as to which it is that actually reaches a

njaximum. Most experimenters seem to. assume that |
does so, but it must .be 'remarked that, this is simply an

assumption.' Several delicate points of great physical

interest might be discussed here, but it will be sufficient to

refer the reader to. the introduction to Rowland's second

paper.

The general conclusions to be drawn from these experi-

ments are as follows :

—

1. The magnetic properties of "iron, nickel, and cobalt

at ordinary temperatures differ in degree but not in

quality.

2. As the magnetizing force ^ increases from upwards,

the permei»bility of iron, nickel, and cobalt increases until

' All the more so that it has been found by some experimenters that

the curve («3!) actually has a point of inflexion aud becomes cou»e.\

to the axis of | for very large values of g-

it reaches a maximum, and after that diminishes down to

a very small value. The maximum value- is reached when
the metal has attained a mognetization of from -24 to '38

of the maximum. The following table will give some idea

of the order of the magnitudes involved ; =(, denotes the

permeability for ^ = 0, xr' the maximum permeability,

and |j' the force for which it occurs. In some cases the

actual maximum is given, in other cases simply the greatest

recorded in the tables of experiment.il results, and the

values of |) are stated roughly ; strict accuracy is of no
consequence, owing to the great variabihty of all the

magnitudes.

Sliope.
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6. The permealility of any metal depends on the quality

of the metal, ou the amount of permanent magnetization,

on the total magnetization, and ou the temperature.

7. The permeability of nickel and cobalt varies very

much with temperature. In nickel for a moderate amount

of magnetization the permeability increases with rise of

temperature, but for high ' magnetization it decreases.

This is very well shown in fig. 30, where the permeability

curves for 15° C. and 220° C. intersect each other. In

cobalt, on the other hand, the permeability appears to be

always increased. The permeability of iron is not much
aflfocted by moderate changes of temperature.

8. The maximum of magnetization of iron and nickel

decreases with rise of temperature, at least between 10°

C. and 220' C, the first very slowly, the second very

rapidly. At 220° C. the maximum for iron is g = 17200

or I = 13G0, and for nickel ^ = 4900 or | = 360.

The researches of Stolctow and Rowland have undoubtedly

made clear the main phenomena of magnetic induction

;

but in so doing they have raised a host of other questions

which have not as yet been settled. There is no lack of

recent work bearing on them, but it would be a difficult

matter to give succinctly a complete account of the con-

clusions arrived at. The results of the diflferent experi-

menters are not seldom contradictory, and the circumstances

of experiment are often so complicated that criticism with

the view of reconciling them seems hopeless in the'meantime.

While, therefore, we shall give a fairly complete list of the

literature, the reader must not expect in this article au

exhaustive analysis of the different memoirs that Lave

recently appeared. Any remarks wo shall make have

chiefly for their object to call attention to the prominent

questions that have been raised by the different workers.

Riecke ' made a series of experiments ou ellipsoidsx)f

soft iron ; he expresses his results in terms of p the

magnetization function for a sphere, and finds, as he ought

to do, that, for a considerable range of values of the

magnetizing force, p is approximately constant.- In point

of fact this method of representation is bad, for the quality

of the metal only begins to affect ;) about the fourth or fifth

decimal place. Similar experiments on spheres and

ellipsoids of soft iron were made by Fromme j'' and a very

extensive series by A. L. Holz* on ellipsoids of iron and

steel, in which he gives tables and curves showing the

values both of p (to a large number of decimals) and of

K ; and the values of the temporar}-, permanent, and vanish-

ing magnetisms for a considerable range of magnetizing

forces. The results, although wanting in regularity and
smoothness for the harder kinds of steel, agree in the main
witli those of Stoletowand Rowland. Holz enters largely

in this and in a former paper ^ into speculations concerning

the effect of the molecular structure of the metal upon its

magnetic properties.

Relating more particularly to the phenomena of the pec;

manont and temporary magnetization of steel we havd
important memoirs of recent date by Bouty, Fromme, and
Auerbach. Bouty's papers," besides copious references to

the general literature of the subject and interesting critical

discussions of magnetic theory, contain the results of

careful investigations as to the permanent magnetization

attained by repeated applications of magnetic force under
various circumstances, and verifications of the formulae of

lie I'cii.cnibcivcl lliat tlio ni.iximuiii o! iicrmidicnt mnguclizatioii wliicli

a boily can attain ii essentially conditioneil by its form ; bince tliu

II. ore elongated the form the less the deningnctiziiig force arising fiom
the existing nicgntti/alion.

' J'n<7j. A.m., cxlix., 1873. = -3/lir- •JSS".
' /'"'/.'/. iliiii., clil., 187Ci. This pajvr cuiitaiuj also some lesnlti

I

ns In the permanent ninguetiNlii nf .-.oft iron.
' I'mj'J. .I«h., Erphil. viii., 1877. ^ I'wjii. Aiui., ili., lS7o.
• (.\i,i.,.Ut lUnJ., JS75; J^iu. d. I'K. .Vi/,«i. Hiijk, Ib/J, IJTC.

Green for the magnetic distribution in thin needles and
cylindrical bars of steel. Two points as to his methods are

worthy of notice. He employs a very simple method of

measuring the magnetic moment of smad pieces of steel

;

a small needle of moment m attached to a stiff stem, which

carries a mirror, is freely suspended and allowed to come
to rest in the magnetic meridian ; the needle whosQ

moment x is to be measured is then inserted into a tube

fixed to the stem with its axis at right angles to the former

needle. The deviation a of the compound system being

measured by means of the mirror, we have x = m tana. He
studies the magnetic distribution in very thin hard needles

by the method of rupture, finding that, if the needle be

carefully broken, so that the distortion or shock caused by

the bending does not extend far from the point of rupture,

the magnetic moment of the different parts is little, if at

all, affected. For thicker magnets he uses the ordinary

method of deflexion.

Bouty found, in agreement with Hermann Scholz and Effect of

Frankenheim,' that, although the continued application of repeated,

a magnetizing force does not increase tho resulting per-
app''"

manent magnetization, the repetition^ of its application jaagnet

will. He finds for the magnetic moment y of a thin needle izing

passed x times through a magnetizing spiral the formula f&rce.

2/ = A- Bo-, where A and B are constants: e.ff., in one

case, A = 57 '78, and B = 6-32. The ratio A (A-B), that

is, the ratio of the moment attained by an infinite number
'of applications of the magnetizing force to that attained by

one, decreases as the force increases ; on the other hand, if

R' be the force required to produce by a single application

the same effect as R produces by on infinite number, he finds

the ratio R'/ R fairly constant " (viz., from 1-060 to 1-065 in

his best experiments) for values of R ranging from 10 to 43.

In certain cases where the magnetization was effected by in-

duced currents, he finds the formula y = A-fB (1 -e"")
to represent the results beKer.^"

He found that Green's formula.

where

giving the moment of a cylinder of length x and diameter

a, was sufficiently accurate both for temporary and for

permanent magnetism, and for hard or soft tempered steel,

whether saturated or not, provided the bars were in a

virgin condition before magnetization. For example, in ;;

saturated bar of soft steel ((i = 7 mm.), for the temporary

magnetism A = 4-081, B= 1/7-142; for the permanent

magnetism A = 2-34, B= 1,17-857. In a non-saturated bar

of soft steel (rt= 10 mm.), for temporary magnetism A =

9966, B= 1,7-142; for permanent magnetism A =-723,

B= 1/17-857; so that B is independent of the magnetic

force. With hard tempered bars, A was less, both for

temporary and permanent magnetism, than with soft bars
;

B was independent of the magnetizing force for temporary

magnetism, but increased for. permanent magnetism with

largo magnetizing forces. He calls the magnetic distribu-

tion long or short according as B is small or great, and

' I'ofij. Ann., cxxiii., 1864.
' la a very iutcresliug paper {Phil. Mag., 1869 and 1870) de.iliug

with certain phenomena of indnced currents, Lord Rayleigh incident-

ally arrives at tho conclusion that tho magnetizing force of a current

depends on its maximum intensity more than on its duration, or on

tlio whole quantity of electricity that passes. This oliservation has an

important bearing on certain experiments of Bonty as to the effect of

the "extra current." which it does not seem uecessary to mention

' This conclusion isi not iu agreement witli tlic i-osuUs of Fromnio.

'"The fonnula y-BU-'"") was used by Quetelct for tU
moment induced iu o bteel bar by rubbing it r times witli a m-JSuet. •

xv. -- %%
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explains the phenomena of demagnetized or remaguetized

bars by the superposition of long and short distributions.

His final conclusion is that there is a greater independence

between permanent and temporary magnetism than is

usually admitted ; and he starts a theory that magnetic

bodies are composed of a mixture of two kiods of magnetic

tnolecules, one kind retaining all the induced magnetism,

the other wholly devoid of coercive force.

It is obvious, from the results of Wiedemann, Franken-

heim, and Bouty just alluded to, that the assumption made
in the mathematical theory, that the effect of a magnetizing

force is independent of the previous magnetic history of

Ihe body, is not even a first approximation to the actual

truth. It becomes a matter of importance therefore to

study the modification in the induced magnetism cor-

responding to any force produced by the forces that have

preceded it. This effect has been called by German
BxperimefiteK the marjnetic after-effect (Maguetische

Nachwirkang). Fromme and Auerbach have recently

occupied themselves with this subject, and it may be of

eoroa interest to the reader to indicate a few of their con-

clusions.

ffiDBime. In his first paper' Fromme experiments with rotational

ellipsoids of soft steel, using partly the method of Weber,

Thalen, and Eiecke, partly the ordinary method of deflexion.

He found, in the first place, that the generalized theory

cf magnetic induction was applicable for values of ^ vary-

ing from '0061 to 'ISS, k decreasing between these limits

f.'om 23-5 to 868. He attempted to find the maximum
force for which permanent magnetism first appears, and

fixes it with some reserve at from '2 to '3.^ The curve

•which he indicates for the temporary magnetization of soft

fiteel has two points of inflexion, being first concave to the

axis of ^, then convex, and finally concave again.

He confirms the observation of Frankenheim that

repeated applications of the magnetizing force increase

the permanent magnetization up to a certain limit, and
finds that when that limit is reached the body behaves

towards all smaller forces having the same direction as if

it were devoid of coetcive force. Experimenting on
ellipsoids permanently magnetized in this way, he found
the mathematical theory of Kirchhoff to be ina[iplicable, it

being impossible to fit the results obtained with the

different ellipsoids together; and the discrepancy was
greater with the softer than with the harder steel. For
forces that are not suflicient to alter the permanent
magnetization, k decreases with decreasing force, as is the

case with soft iron, so long at all events as the forces are

Eot very great ; and, again, for such forces the variation of

K is more regular the greater the permanent magnetization.

The number of impulses required to saturate with per-

manent magnetism was greater the greater the ratio of the

fnoment of saturation to the initial moment, e.g., greater

for hard than for soft steel. It was found, in extension of

a result of Frankenheim's, that, if U be the original moment,
R[ that produced by one and R that produced by an infinite

number of impulses of the magnetizing force, then
(U -I- R,)/(U + R) is tolerably constant ; but R^R decreases
ivith increising magnetizing force.

With reference to the non-permanent magnetism of a
bar repeatedly magnetized by the same constant current,

he concludes from his researches that it diminishes, but in

such a way that the total induced magnetism remains con-
stant,—so that what is lost in non-permanent is gained in
permanent magnetism.

In his second paper ^ Fromme experimented both with

\ Pugg. Ann., Ergli.l. vii., 1875.
- So far couliniiiiig MaxwcU'i coDcliisious fioiii his uiodificition of

Wel)cr'3 tlicory of iiiolccnlai- uiaguets, El. and Mug., vol. ii. § 445.
' Witd Ann., ir., 1878.

iron and with steel cylinders, pointed at the end, of lengths

varying from 140 to 220 mm., and of thicknesses from
1'5 to 8 mm. The method of deflexion was used, the

effect of the magnetizing spiral itself being compensated

by an auxiliary spiral suitably placed. The cores were

carefully introduced into the spiral after the current was

established, removed before it was broken, and then

replaced when the permanent magnetism was determined.

In the following extract from his conclusions T, denotes

the total induced magnetization, E„ the whole residual or

permanent magnetization, \„ the non-permanent or vanish-

ing magnetization, after n impulses of a given magnetizing

force, the suffix being dropped when the number of

impulses is not in question, and replaced by oo when the

number is so great that by further increasing it no altera-

tion in the efl'ect is produced.

A constant force greater than all preceding induces a T
which varies with successive impulses, sometimes increas-

ing, sometimes decreasing. If a bar previously heated

white hot be subjected to a large force, successive impulses

usually give a decrease of T. If, however, the force is

preceded by one somewhat smaller, successive impuLses

usually give an increase. It depends merely on the

magnitude and the number of impulses of the preceding

force P -whether the repeated impulses of a force p will

give an increasing or a decreasing T.

R always increases with successive impulses until the limit

is reached, and always faster than T ; hence increase of R and

decrease of V go hand in hand ; the magnitude of this

increase depends on P and p, and approaches zero with

P-p.
In order that the action of a force p may not be

influenced by the after-efi'ect of smaller forces preceding

it, it must be applied so often that its further application

ceases to increase R. When saturation for R is thus

reached, theu T, R,'and V have the vTilues corresponding

to frequent impulses of p for a fresh bar.

R,/R,jo, Rj/Roj , ic, all starting from unity, decrease

as the force p increases from zero, diverging more and
more until they all reach minima for the same value of p ;

they then converge again towards unity, which they all

reach at the maximum of permanent magnetization. The
values of p corresponding to the maxima of R^^ jp, ....
V\.,!p, B..^lp are in ascending order of magnitude, and the

first of them is the value corresponding to the minima of

R,/R« , E;,;R^ , A'c.

What was stated for Rj R^j , Ro 'Roo , &c., holds word for

word for T^^ /T„ 1^ /Tj, ic. Hence the decrease of T is

conditioned solely by the increase of R ; so that it would

appear that the after-efi'ect of a preceding force P depends

on the R which it produces. It would therefore be more
correct to say that the after-effect depends on r-R than

to say that it depends on 2' ~ P.

AVlien a bar has been magnetized by any force P, all

smaller succeeding forces leave R unaltered, yet by repeated

impulses of ;j (<P) T decreases until it reaches a certain

limit. We may repeat the process as often as we please

by always beginning with a new application of a larger

force P; if we vary P, keeping p constant, T,, To, &c.,

vary, but the limit T^ is always the same. In these

experiments it was indifferent whether a few seconds oc

several hours elapsed between the applications of P and p :

time had uo influence on the vanishing of this species of

magnetic after-effect. On the other hand, several impulses

of the greater force gave no more after-effect than a single

impulse, of whatever duration. If N denote the after-eflect

of a greater force P upon the action of a smaller 2>, the

law of the phenomenon is

where c is a constant and a and b are constant positive

Varjiir;
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nnmbers, 6 being b proper fraction, and a possibly very
iicir unity. This of course gives N = for /) = and for

I
?>- P, and gl-^es a maximum value of N for ~^me value of

'
p between and P.

Tiie interposition of a force P' between Pand j) increases

tlie after-effect if F'>P, diminishes it if P'<P; and this

holds irrespective of the sign of P' - p.

If we denote by k the susceptibility of a body for

vanishing magnetism (V) induced by any force p, the

question arises how far this is influenced by the permanent
magnetism R in^^uced by p,-eceding greater forces. Jamin
holds that k is approximately, and Chwolson that it is

abjolutely, independent of such permanent magnetism.

FioiT:>ne finds that, when a force p, capable of itself

producing a permanent magnetism r, acts on a bar already

possessing a permanent magnetism Pi>r, then h is

increased (by the presence of R) if R-r is small, but

diminished when R - 7- is great.^ The after-effect for

small forces p may therefore be either increase or decrease

of k\ but for large forces ;> it is always increase.

At the conclusiou of his paper Fromme points out the

contrast between magnetio and elastic after-effect, and
dwells upon the analogy between his results and those

of Thalto ^ concerning tho limits of elasticity in solid

bodies.

Aucr- The e-fperimental method followed by Auerbach' was
«>»<^h. much the same as that of Fromme, except that the core

[

was left in the magnetizing spiral during the make and
break of the current. The core was generally a hollow

cylinder of soft iron 148-1 mm. long, 17'8 mm. in

diameter, 1"6 mm. thick, with end plates 1'5 mm. thick.

He distinguishes two kinds of magnetic after-effect. The
first kind consists in alteration of the magnetization of the

body during the action of a constant force, or after it has

ceased tio act. Tho second kind is that already mentioned,

in which the action of any force is influenced by preceding

forces. It is this second kind of after-effect that is dealt

with in the paper from which we are quoting.

The leading peculiarity of his view of the phenomenon

is the introduction of the force zero, both as a preceding

and as a final force. The fundamental principle laid down
is the following :

—

VVTien the force p, which, following immediately after

tho force 0, would produce a magnetization Tq, is preceded

by a series of forces Pj, P, . . . .P„, the magnetization

which results is T, differing from Tq by an amount N called

the after-effect. N is wholly determined by the first of

the preceding forces P„ which is such that all the forces

that act between P, and p lie in magnitude between P,

and p.

This general law is, however, subject to exceptions. For

evnmple, lei; the whole series of forces acting be P,q, p, Pq,

p (evidently an extreme case), then experience shows that

neither T,d nor Tg is the resulting magnetization, but

something intermediate, much nearer to Tjg, however, than to

Tf|. In order to obtain T,, a force Po<P must be interposed

before Pg ; even then the magnetization varies a little with

P^,, but, if the stationary condition for P,„ p be established

l)y alternatiag P,, p many times after applying P^, thus

I'lo. ;>. Po' r,, V> 'P». ;>. P», P, . . • . the limit is found to

be independent of P^, and is lield to be tho true value of

To-

In this way, for n given p, T can be determined as a

function of P. It is necessary, however, to attend to tho

following prrinciple,—that, of two preceding forces lying in

magnitude on different «ides of /), the second determines

' Tliese coiiclusioiia are in agiecraeut with the results of ITcrwig

obt.iiiioil from oxperiments oh the '.ongitiidiiial and circular mamietiza-

tioii of iraii tubes, Poijfi. .Iiiii., clvi., 1S75.
' roQij. Ana., cxxiv., 1865. ' W'Ud. Ann., xiv.. 1881.

the after-effect exclusively only when it differs more from
p than the first ; in other cases both contribute to the after

effect ; in no case does the first exclusively determine the
after-effect. In the case where both preceding forces lie

on the same side of p, the exceptions to the general law are

far less marked ; only where the second force is very

nearly equal to p does it exercise a disturbing influence on
the after-effect of the first.

The process used for obtaining T ai a function of P, for

a given p, say 10, is therefore to cause tL^ influencing forces

to alternate with the influenced, th. succession of the

former being such that the one preceding p always differs

less from p than the one following. The stationary con-

dition is supposed to be established for each pair as above

explained; e.g., starting with P=ll, the series might be

11, 10, 8, 10, 13, 10, C, 10, 15, 10, 4, 10, &c. In

this way T,,, Tg, Tjj, &c., can be determined.

When the values of T are plotted against the values of

P, the curves corresponding to different values of p have

all a similar character (see figure 37). They consist of

two congruent parts lying on the two sides of a point ol

inflexion, which is the only point that has any marked

character. To the right of the inflexion the concavity

is towards the axis of P, to the left in the opposite

direction. The infinite branches appear to approach

Fig. 37.

asymptotes parallel to the axis of P. The abscissa of

the point of inflexion for any particular curve p is ?=;)

;

the ordinate is T,, which may be called the normal

magnetization corresponding to p when p alone has acted

before. This of course is an ideal case ; but a process is

indicated for determining T, directly.* The dotted curve

in the figure is the curve of normal magnetization, who?«

abscissa and ordinate are p and T^.

From the symmetry of the curves representing the after-

effect Auerbach concludes that the after-effect of forces

on opposite sides of ;> as to magnitude, and equidifferent

from it, is equal and opposite, and ascribes tho failure to

observe the after-effect of forces smaller than p to the

interposition of the force zero. He further concludes that

the after-effect depends ia the same way on P - p as T,

depends on p.
y. • t

There is one of the curves of after-effect, that, viz., for

p = o, which has a special meaning. It is clearly the curve

« A particular caae of this process is interesting and practically

important; viz., in order to demagnetize i core (i.e., to find Tj)

possessing a moment T. Apply in succession the forces - P, -H (P - «).

-(P-2«), -KP-3«), ic, down to 0, P being chosen of sufficient

magnitude, rather too great than too smnU flhe sroaUer e the better).
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of permanent or residual magnetism, which is thus in

Auerbach's view a particular case of after effect. To it me

can apply the general rule given above, subject of coiirso

to like esceptions.

It would be premature to pronounce any opinion as to

the ultimate value of Auerbach's results ; but the elegance

of his representation of the phenomena will scarcely be

disputed. In the latter part of his paper ho applies his

views to explain the peculiarities in the curve of magnetiza-

tion with forces of ascending magnitude obtained when the

after-effect is neglected, and to the cyclical process dis-

cussed by Warburg.' He also discusses the influence of

the duration of the impulse of the magnetizing force and

of the sudden closing and opening of the current. His

conclusions agree in the main with those of Fromme : in

particular he inclines to Frommo's view - that there is a

speciBc magnetic effect produced in certain cases by the

breaking of the current while the core is in the spiral.

This effect in certain cases (with short thick cores) is so

great that a permanent magnetization of opposite sign to

the total induced magnetism remains.' This " anomalous

magnetization " was first observed by Von Waltenhofen,^

who also establishes the more general result, of which this

is an extreme case, viz., that the residual magnetism of the

core depends upon the rapidity with which the magnetizing

force is reduced to zero. Auerbach lays down as a general

principle that when the variation of the magnetizing force

is slow and continuous the velocity of the transition does

not influence the final magnetization ; but sudden transition

causes the final magnetization to be less or greater than

that obtained by gradual transition, according as the

passage is from a greater to a less or from a less to a

greater force.

\ddi- The reader who wisliea to pursue the present snljject farther

tionalj should consult the works of the following experimenters :

—

liter*- Jamin,' who holds what he apparently regards as a uew theory of

lnr» magnetization. It is in point of fact merely a modification of the

theory of solenoids, somewhat restricted in its application to the

plienomena of magnetic induction. His special point is that the

lines of magnetization in a bar magnetized (say) by a magnetizing

spiral only penetrate to a limited depth, which is greater the greater

the cvirrent. The following experiments' are adduced in confir-

mation of his views. The steel tube of a Chassepot rifle was plugged

at both ends by screwing into it bolts of the same metal. Inside

was placed a cylindrical rod. It was found that, so long as the

current in the spiral was not very great, the rod was not sensibly

magnetized ; but, as the current increased, it became more and more

Kflected, and by and by was as much permanently magnetized as if

the enveloping tube had been absent. Again, the rod having been

magnetized to saturation and inserted in the tube, a demagnetizing

force was applied to the whole, and it was found possible to render

the tube and core together seemingly neutral, or even oppositely

magnetic, while the rod when taken out proved to be still power-

fully magnetized in "the original direction. Again, a bar was
magnetized by a powerful current, and then magnetized in tho

opposite direction by another cun'ent. The surface of the bar was
then eaten away to a certain depth ; and it was found that the

original magnetization reappeared. These experiments, although

most interesting in themselves, do not appear to warrant the inter-

pretation which their author puts upon tliem. Jamiu has made
extensive researches on the magnetic distribution in bars and
ribbons of steel, partly mth a view to obtain empirical rulesJor the

construction of powerful permanent magnets, in which he Las been

very successful.

Gaugiin, CompUs Keiidus, passim ; Ann, d. Cliim. ct d, Fliys.,

(5)xi.

1 ^Vied. Ann., liil., 1881 ; cf. Fromme, Ih., xiii., 1881 ; also

Himstedt, lb., xiv. , 1881. A similar phenomenon was observed by
Meyer and Auerbach during their experiments on the gramme
machine, Wied. Ann., v., 1878.

- See an elaborate paper which we can only mention here, Wied,
Ann., v., 1878.

' Experiments on the same subject have been made by Righi. Comptes
RendtLS, 1880, or Wied. Beibl., iv., 1880 ; and by Bartoli and Ales-

sandro, N. Cim., 1880, or Wied. Beibl., iv., 1880. C/, Fromme,
Wied Ann., xiii., 1881. Wien. Ber., 1863.

• CompUa Rendus, passim. ' Comptes Bendus, Ixxx. , 1 875.

Christiansen, " Ucsoarchos on tho JIagnotic Distribution in nn

Iron liar, on one part of which is placcil a Short ilagneti/ing

Spiial," IFicrl. Bcibl, i., 1877.

Ruths, " Lleber don Magnetismus weicher Eisencylindcr und
verschiodcn barter Stahlsoilon " ^Dorluiund, 1876), Wied, Bcibl.,

I, 1877.

AVhipple, "Induction Constants of rermanent Magnets of vari-

ous shapes, from the determination at licw," Bioc, Roy. Soe, Land.,

1877.

Oheibcck, " Ucbcr die Fortpllnnzung der mngnetischen Induc-

tion im weicheu Eiscn " (Ilalle, 1378), iricd. BcM., ii., 1878.

Kiilp, " Kxpevinientaluntcrs.uchungon iiber mngnetische Coi-r-

citivki-aft," Carl. Bep., 1880.

Baur, "Experiments with an lion Itiiig on the JlngnetiEation

Function for very small Forces," Wied. Ann., xi., 1880.

liiecke, "On the Expcriiucntal Tost of J'oisson'a Theory," Wied.

Ann., xiii. p. 485, 1881.

Siemens, a very interesting paper, "On the Effect of the JIag-

netization of Iron iu any Direction upon its Permeability in tho

Perpcndiculai' Direction, Wied. Ann., xiv., 1881.

Righi, "Contributions to tho Theory of the Magnetization of

Steel," Mem. d. Ace. d. Bologna, 1880 ; Wied. Belli., v., 1882.

For a succinct account of several of the foregoing memoirs, soe tho

"Nachti'.-ige " to Wiedemann's ffnhfoiisHiJis, and a paper by the

same author in Poijycndorff s Annulen, clvii. p. 257, 1876.

Injlnence of the Hardness and Structure of Iron and Influenct

Steel on Permanent Mac/netism.—Some information lias°f'""''^-

already been given incidentally on this subject, and
"t^^^^'"

a lengthy discussion would be out of place here. The tiu-e.

statements of the various authorities are very contra-

dictory. This \i not to be wondered at; for those best

qualified to prepare the Materials for experiment are

generally deficient in the scientific knowledge requisite to

enable them to form a sound judgment as to the result,

while thoroughly trained scientific men have not as a rule

acquired a command over the delicate manipulation of tho

forging and tempering of steel, an art which those wlio

possess it usually find difficult to describe in words or

reduce to rules. There is the further circumstance that

many who have been successful in making good steel for

magnetic or other purposes have found it for their interest

not to publish the prQcess by which success was attained.

Fineness of grain and uniformity of temper are the Floentsii

greatest requisites in steel for permanent magnets. The of E'diu

latter in bars of any size is never attained in perfection,
""'^ ""''

for the surface is always harder than the interior. The ^f

mischief which thereby arises may be understood by taking temper,

the extreme case of a thin steel tube magnetized to satura-

tion, and then fitted with a perfectly soft .iron core. It is

clear that the core will act very much like the armature of

a horse-shoo magnet; tho lines of force will run back
through it, and tho external action will be in a great

measure destroyed.

The different tempers of steel may be roughly classified

as glass hard, straw colour, blue, and soft. The current

statement is that the Larder the steel the more difficult it

is to magnetize, but the better it retains its magnetism. If

this were so, provided sufficient magnetizing force to pro-

duce saturation were at command, the best temper for

magnets would be glass hard. Lament, however, whose
experience was great, states that he found the loss after

magnetization to be as great, and to continue as long, with

glass hard as with blue tempered magnets. The same
experimenter gives it as his opinion that great differences

in the quality of magnets arise more from defects as to

homogeneity, continuity, and uniformity of temper than

from the quality of the steel in other respects ; he inclines,

however, to a preference for English cast steel.

Purity and homogeneity of structure are equally necessary

in iron of high magnetic inductive susceptibility and small

coercive force. Hammering, rolling, and drawing diminish

the susceptibility and increase the coercive force. Rolling

does so more in the direction of rolling than transversely,

so that the iron becomes seolotropic. It is advisable in all

cases where high susceptibility is wished to anneal the
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body carefully after manufacture, by beating it in a wood

firo and allowing it to cool very gradually ; this process is

Btiil more effective when the iron is covered all over before-

hand with half an inch or so of clay.

The reader wlio wishes for further details on this subject should

Konsu\t Laraonfa Bandbuch de3 JIfagnetismtiS, chap. v. The follow-

ing references to the literature may be useful.

jlichell, Treatise of Arlifidal Magnets, 1750; Coulonih. Mim.
dcVAcad.,nU\ Biihw, P/til. Tmns.,\S2'i; KntCT, Phil. Traits.,

1821; Sabine, P/h7. Trans., 1843; Hansteen, I'ogg. Ann., 1825;
Hacker, Pogj. Ann., 1848 ; Poggendorif, lb., 1850; Miiller, lb.,

1852; Matthiessen, Phil. Mag., IS-'iS ; Airy, /i.,,1863; Voa Waltcu-
liofen, Pogg. Ann., 1864 ; Treve, Complcs Pcndiis, 1869 ; A. L.

HoIe, IHcd. Ann., v., 1878 ; Ruths, JVkd. Bcibt. i. 1877; Chccs-

inan, Wied. Ann. 1882.

Special Magnetic Character of Kichcl and Cobalt.—Besides the

results of Rowland above quoted, we have on record experiments by
the following physicists:— Biot, Traitidc Plujs., 1806 ; Gay Lussac,

Ann. d, C/tiiii. ct d. Pliijs., 1824 ; Lampadius, Schxcegger's Jour.,

1814; E. Beoqncrol, Comptcs Pendus, 1845; I'liicker, Po^g. Ann.,
1854; Arndtsen, lb., 1858; Hankel, IUcd. Ann., 1877;
Becquercl, Ann. d. Chiin. ct d. Phi/s., 1879 ; Gaiffe, C'om2'tcs

rtcudus, 1881 ; Wild, Wicd. Beibl., 1877.

Exjieriments with Finely Divided Magnetic Metals and with

Electrolytic Iron.—These have been made by various physicists,

mostly to test the theory of molecular magnets. The earliest of the

e.\periment3 with finely divided iron was made- by Coulomb, who
mixed iron filings with wax, and fonnd that the m.ignetic moment
was proportional to the ninss of magnetic metal. Similar experi-

ments were made by the elder Eecqucrel,' his result being that the

magnetic moment was proportional to the weight of magnetic snb-

Btance, so long as the filings were not too densely distributed ; with
increasing density the mixture acquires magnetic properties more
like those of a continuous metallic mass. Several modem experi-

menters liavo gone into the matter with considerable care ; but
their results are not sufficiently concordant, or of sufficient general

interest, to justify us in dwelling at length upon them here, A few
references to recent memoirs will suffice.

Eoernstein, Pogg. Ann,, 1875 ; Toepler and Von Ettingshausen,

li., 1877; Von Waltenhofen, Wied. An:'.., 1879; Auerbach, 74.,

1880 ; Baur, lb., 1880.

Experiments on electrolytically deposited iron liave been made
by Beez, Pogg. Ann., 1860 ; Jacobi, lb., 1873 ; Beez, lb., 1874 ;

Hok, lb., 1875 ; Baur, Wicd. Ann., 1880.

Using a fine scratch on a varnished silver wire as electrode, Beez
deposited a thread of iron between the poles of an electromagnet,

and thus obtained a permanent magnet of extreme tenuity. It was
found that the inductive susceptibility of this linear m.tgnet was
very small, and that considerable magnetizing force produced no
increase of its permanent magnetism. Thus in one case the

original magnetism was 360, the total magnetism under the induc-
ing force 370, the magnetism remaining after the force ceased

to act 360. Broader, but equally thin, magnets deposited in a strong
field in the sameway gave more temporary magnetism than the linear

magnets, but never more permanent magnetism than they possessed
originally. Thicker plates exhibited greater temporary magnetism,
and also aa increase of the permanent magnetism acquired during
deposition. With continued reversals of the magnetizing force

electrolytic iron gave a continual decrease of the temporary magnet-
ism down to a certain limit (as does steel) ; but the negative per-

manent magnetism never approaches so near the positive after many
reversals as in the case of steel. On the other hand, Jacobi found
that iron reduced electrolytically from ferrous sulphate and sul-

phate of magnesia, even after tempering, took a considerable
temporary moment, but retained very little permanent magnetism.
Ilnlz found that the iron reduced from the solution of Jacobi and
Klein was not sensibly hardened by heating and suddenly cooling,

although its density was increased, and that its coercive force was
diminished. On the other hand, it was found that hard tempering
decreased the density of steel. He draws the conclusion that the
coercive force is greater the farther apart the molecules. Baur's
main result is that the maximum of magnetization with electrolytic

iron occurs for much lai'gcr forces than with ordinary iron. These
results are not wholly concordant ; but the discrepancies may bo
reasonably n.ssignod to dilfercnces in the preparation of the metal.

Magnetic Pr.opEETits of Matter in General.

Among the earliest statements of the properties of the

lopdstone we find accounts of its action on other bodies ; but
it is clear from their surroundings that these statements
are purely fabulous. Many experimenters at a later date

' Train CompM du ilagniiisme. cliiu. ii. p. "3.

found indications of magnetic action In other metals besides
iron ; but with praiseworthy caution they ascribed them
for the most part to the admixture of small quantities of
iron.- There can be no doubt that the results of Cavallo' Eariy
obtained with brass (especially hammered brass) were due obsem
to impurity, for Benuet^ failed to obtain any indications ''*""•

of magnetism with pieces of brass made from pure zinc
and copper, whereas he was immediately successful on
adding small traces of iron to the metal.

It very soon appeared, however, that an independent
magnetic property must be ascribed to nickel and cobalt,

and to these were by and by added with more or less

certainty manganese and chromium.

^

Brugmans ^ seems to have been the first to observe the
repulsion by a magnet of a body not permanently magnet-

'

ized. He found that a piece of bismuth floating upon
mercury in a small paper boat was repelled by both poles
of a magnet. Lebaillif" confirmed the observation of
Brugmans, and found that antimony possessed a like

property. Saigey,^ who esperimented on the same subject,

concluded that all bodies when suspended in air behave
like bismuth, unless they contain traces of iron.

Notwithstanding these results and others which we pass
over,8 the whole matter remained in obscurity till the
repulsion of neutral bodies was rediscovered by Faraday in

1815. He speedily itnravelled the laws of the phenomenon, Faradar
showing how much depends on the nature of the body, redis-

and how much upon the nature of the magnetic field. His "^"^'p,,

observations enabled him in fact to comprehend under a ""veSK-
few general principles the action of all magnetic bodies gation

whether of the nature of iron or of the nature of bismuth.
Tho earlier observers had fallen into difficulties by neglect-

ing the effects due to heterogeneity of field ; these were
pointed out for the first time by Faraday, and since then

order reigns where there was formerly confusion.

Tho best arrangement for testing the behaviour of Eiperi-

weakly magnetic bodies is to suspend either a small sphere nientaJ

of the substance or else a small cylinder in a heterogeneous ""^'"S**

magnetic field. This field is usually produced by placing for u*-
two pointed soft iron poles (Cg. 38) on the arms of a power- ing

ful electromagnet. The line joining these poles is called wcaklj

the axial direction of the field ; directions perpendicular to
J^"?*'*'*

this line are called equatorial. The magnetic force varies

Fig. 38. Fig. 30.

along the axial line, being less in the middle than at the

poles ; and it decreases everywhere from the axial line

outwards. For some purposes poles of the shape shown

in figure 39 are used ; here the line along the upper edges

of the poles are lines of greatest force, whereas the line in

the plane of the upper faces equidistant from the upper

edges is a line of weakest force ; tho force also decreases to

the right of ah and to the left of cd.

In suspending small spheres the best plan is to hang

them from one end of an arm of wood db (fig. 40). At the

other end of this arm is placed a counterpoise h, and the

whole is suspended by a fibre of unspun silk u from a torsion

head t, by means of which the arm dh can be brought into

' Cf. Lehniann, Xov. Comm. Pctrop., 1766 ; Bruginan?, Mag-
netisnuis sen de Afmitatibus Magneticis Observation's Academica,
Leyden, 1778; Coulomb, Mim. de CInst., 1812; Biot, TraiU tie

Physique, 1816, &c.
' Phil. Trans., 1786 ; or Treatise on Magnetism, 1787.

*Phil. Trails., 1792. » Ritter, O'ilb. Ann., 1800.

« Loc. cit. ' Pogg. Ann., 1827.
« Hull. Univ. d St:. 1823.
" Sec Vop Ffilitsch, Karste^'a Ency., Bd. xvi. ; Wiedemann's Gal-

vanismus, Bd. ii. p. 516.
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any required position, and if necessary kept there by tne

exertion of a known torsional couple. The arm and
^

suspension must be carefully guarded from draughts by
'

enclosing it in a glass case, which fits over the poles of the

electromagnet, and is provided with a door and with means

for bringing the torsion head t over any given part of the

magnetic field. When a cylindrical piece is to be tested
j

itiB suspended

from the fibre

Hsoas to hang
horizontally.

For this pur-

pose Faraday

was in the

habit of using

a ' stirrup of

carefully se-

lected writing

paperattached

to the lower

end of the

fibre._ It is

of the utmost

importance to

guard against

magnetic ac-

tion on the

suspension

;

the least trace

of iron in the

arm 6h for in-

stance, or in

the paper
stirrup, would
in many cases

be more than

sufficient to

mask the ac-

tion proper to

a weakly mag-
netic body.. ^S-^0-

In every experiment the magnetic behaviour of the

support should be tested by itself beforehand, so that

if any residual effect be present it may be allowed for.

The greatest caution is also requisite in choosing the

material to be experimented upon. There must be no

chemical impurity, especially no trace of iron ; the spheres

and cylinders must not be worked with iron tools or even

with dirty hands. A source of error ^ to be specially

guarded against in experiments with metals, or other good

conductors, is the action arising from induced currents in

the mass of the tested body caused by the increase and

decrease of the strength of the magnetic field when the

circuit of the electromagnet is made and broken. This

error is wholly avoided by waiting till the suspended body

has come to rest, and attending only to deflexions which are
j

permanent after the intensity of the field has become steady^

The first substance with which Faraday experimented

Taa a bar of the heavy glass with which he had discovered

the rotation of the plane of polarization of light It took

up the equatorial position between the poles of the electro-

magnet as soon as the current waa established. There
was no distinction between its ends, or according to the

direction of the lines of force; the bar always took the

. shortest course to the equatorial position, and remained

there in stable equllibriam. When placed in the axial

position it was in unstable equilibrium, and on the slightest

displacement either way it moved oflf in that direction to

> See Faraday, Exp. Kes., 2309 sg.

the equatorial position. A further action was ooservcd
when the bar was placed with its centre of mass out of the

centre of the field ; it was then repelled as a whole away
from the nearest pole (no matter which). Ou testing a

small cube or sphere of the substance, no pointing tendency

was observed, but the mass as a whole when it was placed

unsymmctrically with respect to the poles tended to pass

away from the poles towards the centre of the field, and
from the axial line outwards.

Faraday sums up the matter by saying that every element
of the heavy glass tends to move from places of stronger to

places of weaker resultant magnetic force. This.is exactly

the opposite of the law for bodies like iron (see mathematical
theory above, p. 2i7). All bodies that follow the same law
as heavy glass he calls diamagnetics, all that follow the

opposite law, like iron, paramagnetics. For the purposes of

experimental demonstration it is better to take some weaker
paramagnetic than iron, e.g., a tube filled with a solution

of ferric chloride ; for the order of magnitude of the

effect obtained is then the same as with diamagnetics, and
there is no danger of complications arising from the mutual
action of the particles of the substance (see above, p. 245.).

Faraday found the following substances to be dia

magnetic ; i.e., pieces of them tended to set their longest

dimension equatorial between pointed poles, and spheres

and cubes of them tended to pass from places of stronger

to places of weaker force :—rock crystal, sulphate of lime, lisc

sulphate of baryta, sulphate of soda, sulphate of potash, "f '''**

sulphate of magnesia, alum, muriate of ammonia, chloride '"j""'

of lead, chloride of sodium, nitrate of potash, nitrate of

lead, carbonate of soda, Iceland spar, acetate of lead, tar-

trate of potash and antimony, tartrate of potash and soda,

tartaric acid, citric acid, water, alcohol, ether, nitric acid,

sulphnric acid, muriatic acid, solutions of various alkaline

and earthy salts, glass, litharge, white arsenic, iodine, phos-

phoAis, sulphur, resin, spermaceti, caffeine, cinchonia, mar-

garic acid, was from shellac, sealing wax, olive oil, oil of

turpentine, jet, caoutchouc, sugar, starch, gum arable, wood,

ivory, mutton ^«jried), beef (dried), blood (dried or fresh),

leather, apple, bread.

In testing liquids Faraday used a- very thin glass tube Liquidp.

of the form shown in figure 41 ; the opening being very

fine, there was no need for a cork or other stopper which

might have caused disturbance ; the slight diamagnetic

effect arising from the glass was
allowed for. Another way of

testing a liquid* is to place it

in the bottom of a watch glass

which rests on the edges of the

pole of the electromagnet. When
the fluid is paramagnetic, it

collects in the places of greater

force, forming a depression in the

centre of the field as in figure

42 ; when it is diamagnetic, it i

collects in the places of weaker

force in the centre of the field,

as in fig. 43. Yet another method'

quantity of the fluid in a narrow tube, and place the tube

horizontally in the equatorial line so that the end of the

liquid column is just on the axial line. When the electro-

magnet is excited the liquid will be driven away from the

axial line or drawn in according as it is diamagnetic or

paramagnetia

Faraday found that breaking a weakly magnetic body

into pieces, or even reducing it to powder, produced uo

efl'ect upon its magnetic behaviour provided its general

form was unaltered. In order to avoid disturbance from

c 1
Fig. 41.

iz.&ii.

Fig. 42.

Fig. 43.

is to put a small

» Pliiclcer, Poyg. yliin., 1848. ' Quet, Comptes Eendus 1854
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tiio magaecrystallic eflect to be described presently, it is

jftea advisable to reduce certain substances to powder

before testing them ; the powder is filled into a thin glass

tube and then tested like a liquid. By means of powdered

bismuth the tendency of a diamagaetic to pass from places

of stronger to places of weaker force can be very prettily

shown. If the powder be strewn upon the circular end of

the core of an electromagnet, it will leave the edges and

collect in the centre, whereas iron filings will leave the

centre and arrange themselves round the edges, the fact

being that at the edges the force is much more intense

than in the centre.*

I Faraday arranges the metals in the following order of

descending magnetic susceptibility :

—
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susceptibility may be neglected, it is clear that the resultant

aotioa on any body is the difference between the action

upon it and the portion of the medium which it displaces.

This principle, which is the analogue of the Archimedean
law for floating bodies, is of great use in quantitative

magactio experiments. It was 6xempli6ed by Tliicker,^

and 'extensively applied in magnetic observations by
Becquerel- Becquerel found, for instance, that the

differences between the couples tending to set a small rod

of sulphur in water and in air, in magnesium chloride and
iu air, and in nickel sulphate and in air were very nearly

the same as the corresponding differences for a rod of wax.

Very curious qualitative illustrations of differential

magnetic action are obtained by scattering drops of

alcoholic solution of chloride of iron in olive oil;^ tlio

drops of chloride collect and displace the olive oil in the

places of stronger force. Another form * of the samo
experiment consists in placing a layer of oil of violets over

a layer of solution of chloride of iron. When a narrow cell

filled in this way is placed equatorially with the iuterfaco

of the two liquids in the axial line, on exciting the electro-

magnet the iron solution rises in the equatorial plane

forming a disk-shaped mass around the axial line. Not-

vithstaudiug these results the general opinion of experi-

menters seems to be that no separation of the parts of a

solution can be effected magnetically once the constituents

have been thoroughly mixed. Thus Faraday^ could obtaiiv

no evidence of the concentration of an iron solution near

tlie pole of a magnet, although it was exposed for days

together in the magnetic field, and found no separation of

the oxygen arid nitrogen of atmospheric air, although they

differ greatly in their magnetic character.

Pllicker'' endeavoured to show that the air enclosed in a

vessel placed between the poles of an electromagnet was
rarefied by the magnetic action. Faraday, however, with

almost identical experimental arrangements arrived at a
negative result.

Elaborate investigations of the magnetism of chemical

compounds have been made by G. Wiedemann with a view

to connect their magnetic properties with their composition.

A full account of these researches will be found in

Wiedemann's Gcdvaiiismiit!, Bd li, § 590 S'y." The follow-

ing are some of the more important of his conclusions as to

the effect of composition.

1. The magnetic susceptibility of the dissolved salt by
itself is nearly independent of the solvent, being propor-

tional to the concentration.

2. If the magnetic moment m induced by a field of

unit intensity in a unit of weight of the salt dissolved iu

water be called the "specific susceptibility," and the product

11, = Am, whore A is the molecular weight of the salt, the

"molecular susceptibility," then the molecular susceptibility

of the dissolved salt of the same metal with different acids

is approximately the same. The mean molecular suscepti-

bilities for nickelous, cobaltous, ferrous, and manganous
salts are as 142 : 313 : 387 : 468.

3. The molecular susceptibility of cobaltous salts stands

about midway between the molecular susceptibilites of

nickelou,- p.nd manganous salts; and the ferrous salts stand
midway betwee cobaltous and manganous.

4. The molecuii:.- susceptibility of dry siUs (combined
with water of crystallization) is for the most part nearly
the same as their molecular susceptibility in solution.

A similar law holds to a certain extent for insoluble

' Poffj. Aim., 1849. _ . ^ Ann. d. Chim. el d. Plvji., 1850.
' Sfatteucci, C'omp'Us Hendits, 1853.
* Morangonl, IFied. ISeibl., 1881.
' JCx2>. Jies., 2757 ; see al-so Righi, U'kd. JieW!., 1878.
^ Pogg. Ann., ISiS; see aUo Beer's trjatieo referred to aliovr,

'k 'i'O. • See .->Iso Phil. Met!/., 1877.

salts fresLIy precipitated ; and generally, with like chemical
properties of the metallic molecule, the molecular suscepti-
bility remains the saiue.^

5. Two diamagnetic elements may give a magnetic com-
pound ; e.g., copper and bromine, both diamagnetic, give
bromide of copper, which is paramagnetic.

6. AVhen two solutions arc mixed aud the salts exchange
their constituents by double decomposition,' tha specific

magnetism of the solutions taken together is unchanged.
Whence the conclusion is drawn that the susceptibility of

a binary compound is made up by addition of the suscepti-

bilities of its constituents, and that these constituents pre-

serve their susceptibilities unaltered when their constitution

or atomic arrangement in composition is unaltered.

Ilagnecnjsiatlic Aclioii.—In what precedes we supposed Maj,,-

the inductively magnetized body, whether paramagnetic or crysi.ii.<

diamagnetic, to be isotropic, and all experiments on its
•'"^''°''

magnetic properties to be conducted in a heterogeneous
magnetic field. In a uniform field such a body would bo
acted upon neither oy force of translation nor by rotational

couple. The case is otherwise if the body be magnetically

icolotropic. In this case, according to the mathematical
theory, (1) the body ought to set in a uniform field so as Two
to place its axis of greatest magnetic permeability (i.e., of !''"'!* 9'

greatest paramagnetic and of least diamagnetic snsccpti- '

'

bility) parallel to the lines of force, and (2) iu a hetero-
'

geneous field Faraday's translational force from places of

less to jilaces of greater resultant force in the case of para-

magnetic, and from places of greater to places of less in

the case of diamagnetic bodies, ought to be greatest when
the axis of greatest susceptibility is parallel to the lines of

force, least when the axis of least susceptibility is in the same
position, and intermediate for other positions of the body.

In observing the first class of phenomena above men- Approxl-

tioned, poles with flat faces are placed on the electro- '""'ely

magnet. Faraday "recommends that the faces should be 1-'",',°""

placed at a distance of about one-third of their breadth, betwcer.

Ho warns the experimenter, however, that the uniformity llat poln

with this arrangement is by no means perfect, although in "^ed foi

general sufficient. TLe best arrangement would be to use '1'*' "*
the magnetic field in the interior of a cylindrical coil of magnc-
sufficient length were it not for the difficulty of attaining cryttalUo

the requisite intensity in this way. In cases whore there is "ctiou.

any doubt it is well to give the body under examination a

spherical or cubical shape, and so eliminate the tendency

to set arising from heterogeneity of field.

The first observations of the magnecrystallic couple were Wagne-

mado by PUicker," and elaborate investigations of t)i« crystafli«

phenomenon wore made by him in conjunction with Ceer,''' '""P'^

in the course of which the magnetic properties of a largn covei-eg

number of crystalline bodies were examined. Pliicker also hy

detected the magnecrystallic property in a rapidly cooled P'uckn-

cylinder of glass. Shortly after Pliicker's first results

were published, Faraday discovered the magnecrystallic Faradtr-

action of crystallized bismutli. At first, misled no doubt

by the language in which Pliicker stated the newly dis-

covered facts, he did not recognize the identity of the two

phenomena; but on further investigation he was able to

class all the observations under a few simple laws,*' which
'|

in the mathematical form given to them by Thomson con-.'

stitute the theory already given. To the observations of

Plucker and Faraday Knoblauch and Tyndall added the'

important discovery that bodies in which the linear density

in one direction is greater than in another, whether as a

consequence of compression or of stratification artificial oi

natural, exhibit magnetic roolotropy.

8 For qualificalions-seo Wied., Gait)., I.e.

"Plucker, Poag. Anu., 1847, 1848, 1849,^1852.
'» P!-u=ker .ind'Beer, rf-o.w- -I""-, 1S50, 1851.

" iV-i). P.es.. 2797 w.. Ibiu- •
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It is convenient, following the analogy of nhysical optic?,

to divide magnetically aeolotropic bodies into (a) "uniasal"

bodies, i.e., those that are symmetrical about one principal

axis of magnetic susceptibility, or, in other words, have two
of the principal coefficients of magnetic susceptibility equal

{k.2 = k^); and (b) "biaxal" bodies, i.e., those that have

the three principal susceptibilities unequal.

Class (a) naturally divides itself into those in which the

susceptibility parallel to the axis of symmetry is greater

and those in which it is less than that in the plane perpen-

dicular to it. The former (where k^>k^) are said to be

positive, the latter (k,<k„) negative uniaxals. We have

also to attend to the distinction which arises according as

ithe mass of the crystal is paramagnetic or diamagnetic

(/<i
and K„ both + , or both - ). We have then the follow-

ing experimental behaviour in uniaxal bodies:

—
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Thomson belongs tbe credit of throwing ttie laws of magne-

crystiillic action into the appropriate mathematical form,

and of showing that they range themselves quite naturally

under the theory of I'oisson.^

Tyndall succeeded, where Faraday had failed, in showing

the magnecrystallic phenomenon of the second kind in

Iceland spar. It is particularly instructive to compare his

results for carbonate of iron and carbonate of lime, both

positive uniaxals, but tbe one magnetic and the other

iiamagnetic. His results arc as follows :

—

Substance.
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Poisson himself, aud demonstrated lliat Fnraday'i con-

ception of tiie phenomena was only another method of

viewing the facts leading to identical conclusions. Faraday

himself* seems in the end to have considered that the

difference was a matter of phrases. Since Clerk Maxwell's

elaborate mathematical reconstruction of the theories of

Faraday this seems to be universally recognized, and the

discussion has subsided. For a full account of the various

interesting experiments that were made during the contro-

iversy the reader may be referred to \Viedcmann'8 Gal-

vanisnius, § 558 sq., and to the reprint of Tyudall's Papers

>4 Diamagnetism and 3[agnecrystallic Aclioii, pp. 7G sq.

Numerical Data respediiig the Susceptihilily of Wtaldi/

i'agnedc Bodies.—The earlier experimenters arrived for the

•nost part at the conclusion that the susceptibility k of

weakly magnetic bodies is constant. Among these may be

mentioned Weber, who experimented with bismuth, E.

Becquerel,- Tyndall,^ Joule,'' Eeich,^ and JIatteucci,'' who
experimented on various substances by means of the

torsion balance ; Christie,^ who worked with bismuth,

and Arndtsen,' who worked with ferric sulphate and
ferric chloride, botli using Weber's diamagnetometer ; and

Wiedemann,^ who experimented with solutions of a variety

of salts. E. Becquerel, however, in some of his experi-

ments, e.g., with sulphate of nickel, found that k showed

n tendency to decrease for very large values of the

magnetizing force ; Pliicker,'" who tested a great variety of

substances (powdered or in solution) by measuring with a

delicate balance the attraction or repulsion exerted upon
them by an electromagnet, arrived at a similar conclusion;

but the methods of both these experimenters are open to

suspicion.

A large number of relative results were oDtamod by the

earlier experimenters,'* but in some cases the methods
employed were not satisfactory, and ia others the results so

evidently depend on the state of aggregation of the material

that they are of little importance. The following tables

will give the reader some idea of the relative magnitudes
of the susceotibilities of different substances':

—

Oliva oil - 86
W.1X
Kitiic acid

\Vatcr
Animoiii.T solution,.. ...

Risulphide of corljou . ...

Sat. aolutiou oruitre...

Sulpliurio acid

.

\ton 100,000
\Iagiietic iron ore 40,227
fenic oxide 286
Hematite 134
Specular iron ore 533
Hydratcd ferric oxide .... 156
Firric sulphate 11

Greeu vitriol 73
Nitrate of iron, cone, solii. 34

PlUcker's Table for Magnetics.

Ferric chloride, cono. soln.

Ferrio alplmta „
Ferrous chloride ,,

Ferrous sulphate ,,

Nickelous oxide
Hydrate of do
Hydr:ited manganic oxide
Mangano-manganic oxide.

93

68.

84
126
35

106
70

167

The numbers here denote specific mngnc*ic susceptibility
;

efjual weights of the substances are compared.

£esults qf Faraday and Eccqwircl.

Ferrous cUorido, cone. ( , „r.
soh.tu,n \

+^55

Ammonincal solution of

cuprous dxide +134
Do. of cuprio oxide +120
Oxygen +17-6
Air +3-4
Olefiant gas +06
Jitrogeu ! +03
(Tacuuni O'O.

Carbonic acid 00

Hydrofjen..'

Ammonia gag

Cyanogen
Glass

Pure zinc

Ether
Alcohol absolute

.

Oil of lemons
Camphor
C'amphire

Liffseed oil

-0-1
-0-5
-0-9
-18-2

-75
-75
-79
-80
82
-83
-85

' See a letter to Mattenoci dated November 2, 1855, published in

Benco Jones's Life and Letters of Farmla;/, reprinted in Tnidall's
Vininar/netism and Magnccrystallic Action, p. 180.

' -•1)111. d. Chim. el d. Phys.
* Phil. Uac/., 1852.
' Ann. d. Chim. eld. Phys., 1859.
' Pugg. Ann., 1858.
" Pogg. Ann., 1854.

1S43, 1851, tc. ; E. Becqnerel, Ann.
JIatteucci, Compies
Wiedemann, Pogg.

' Phil. Mag., 1851.
' Pogg. Ann., 1856.
" Pogg. Ann., 1858.
" Pogg. Ann., 1865.
" E.g., Plucker, Pogg. Ann

d. Chim. el d. Phys., 1350, 1851, 1855, &c,
VcHi/»s, 1S53, nn.l Cours d'Induction, 1854
t«H., 1865, 1863, &L.

Chloride of arsenic - 122
-87 FumU barataoflead..... -^^T
-88 Phosphoros* ._ -167
-9C'6 Scleniiun* -168
-98 Pure copper* -171
100 ' Pm^fiilvt-i" -235
•100 PuregoUr -350
•104 Bismuth -1967

Sulphur -118
Tlie r«salt8 narked with nn asterisk arc taken from Piccquerel

;

the rest are from F;irad:iy. The iinmlieis r^,late to equal volumes
of the substances, niul the medium is supposed to be vacuum ; so
that water in air would be reiueseuted by ]00.

The inimbcrs of Furadny. Pecnuercl, and JIatteucci agree veiy
fiiirly ; e.g., accoriling to Faraaoy the so^ceptibilities of w ter,

oxygen, and oir are as - 100 • + 1'8 :+ "352, according to Becriuerei

03 - 100 : + 1 -82 : + •332. Pliickcr's results do not agree so well

^\ ith those of Faraday aud Becquerel ; but his method was faulty.

Within the last five years a large number of absolute

determinations of k have been made, chiefly for bismuth and
ferric chloride. Toepler and Von Ettingshausen '^ in their

exp3rimpnt.« on bismuth used with some alteration th».

method of induced currents employed by Weber '^ in the

earliest attempts that were made to determine tiw

susceptibility oF bismuth. Like Weber they compare
bismuth with iron, an unsati.sfactory procedure on account
of the great variability of the susceptibility of iron for

different magnetizing forces, and for different samples with
the same magnetizing force.

Silow worked with ferric chloride. In his first set ofsilo'w.

experiments '"' he observed the time of vibration of an
astatic needle suspended over a cylindrical vessel filkd

with the solution ; in his second investigation '^ the solution

was placed in a glass globe, ou the outside of which
insulated wire was wound so that a given current in it

produced a uniform magnetic field whose strength could be

calculated ; '" the deflexion of a properly astati/ed needl«

suspended inside the globe, was ob.served when the globe

was empty and when it was full, and thence k was calcu-

lated ; in his third determination '' he used the method of

Toepler and Vou Ettingshausen so improved as to allow ar

absolute determination of k to be obtained directly.

Borgmann '^ enclosed one coil within another, and filled Borg.

the hollow cylindrical space between them with the solution "inn.

of ferric chloride to be tested ; he also used the rins:

method of Stoletow and Eowland.
Jacques," following a method elaborated by Rowland,

measured the repulsion of crystals of bismuth and Iceland

spar placed with their magnetic axes axially and equatoii-

ally between the poles of a Ruhmkorff'a electromagnet, the

field of which was carefully explored after the manner ot

Verdet by means of a small coil moved throngh a known
distance in different parts of it ; from these observations

tho two principal magnetic ausceotibilities were calcu-

lated

Schuhmeister^" experimented with ferric cUoride, nsiug sehuh-

tho same method as Rowland and Jacques. meister.

In the experiments of Eaton -' the method former!)'

employed by Wiedemann was adopted ; the data in his

paper are, however, insufficient for an absolute determina-

tion cither of the magnetizing force or of k ; in fact he
determines merely the force with which the magnetic body
is attracted and tho magnetic moment of the electromagnet,

assuming that the strength of tbe magnetic field at a given
point is proportional to the latter,—which is not necessarily

true, for the magnetic distribution in tho core of the

electromagnet may alter with increasing current.

" Pogg. Ann., 1877. " p!. Mansbest., Till. iii.

" \ried. Ann., 1877. " Wied. Beibl., 1879.
" See Maxwell, El. and Mag. vol. ii. § G72.
" Wied. Ann.. 1880. 18 )iv«/. Beibl., 1879.
" Silliman'.'! Jour., 1879. Tlio published results are vitiated bj

some i-rror of calcul.ition
; but the expciimcnts arc to be repeated.

" It'ien. BcT., 1882. " Wiai. Ann., 18S2.

acques
lid

^'wlaiid.
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Von VoQ Ettiugsliausen' in the most recent researcli on the

Ettings subject with which we are acquainted has made determina-
hausen.

jjj,jj ^f jjjg susceptibility of bismuth by four different

methods. The first of these was that formerly used by

Toepler and himself, with the addition that the action of

the bismuth bar was compared with that of a solenoid of as

nearly the same dimensions as possible through which

flowed a current of given strength (an artifice previously

used by Christie). The second method consisted in

measuring the force with which a portion of the diamag-

netic substance hung in the axis of a coil and near one of

its ends was repelled out of the coil when a known current

passed through it. The third method was that of Rowland

and Jacques. The fourth consisted in measuring the

deflexion of a magnetometer needle produced by placing a

piece of the dianiagnetic substance between the poles of a

powerful magnet under whose action the magnetometer

needle had come to rest in the first instance." The
agreement between the results obtained by all the different

methods was very fair considering the smallness of the

effects to be measured in some of them. The second

method is pronounced to be the best, and by means of it

he gives also a determination of k for ferric chloride.

Some of the results of the different experimenters for

bismuth are given in the following table :

—

Magnetizing Force.
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r volume.

original length. This residual extension wa.s due in part to

permanent magnetism, but he found that the permanent

magnetization due to a current 1 088 was reversed from - 1 '3

to +'2.') by a current 175, while two-thirds of the permanent

extension was still left. The actual elongation of an iron

bar magnetized to saturation was found to be from

T"(jVinj''^ to 7j7njVir!5'''i °f ^^^ whole length. The exten-

sion varied approximately as the square of the intensity

of magnetization (temporary or permanent). The general

character of the phenomena is the same in soft or hard iron,

and in soft or hard steel ; but the effects are smaller with

hard than with soft bars.

It was found that longitudinal compression of the bar

influenced the magnetic extension little if at all; on the

other hand, longitudinal traction was found to diminish it,

and in the case of thin wires under considerable tension

the magnetization cau.sed o contraction. Thus in the case

of a bar 1 foot long, ^ inch in diameter, with a weight of

GOO lb, there was neither extension nor contraction, even

with a current of IGOO; with weights of 1040 lb and

1G80 tt), and a current of 180-i, there was a contraction of

•00002 inch and 0000.32 inch respectively. The contrac-

tion under tension was found to vary approximately as the

product of the magnetizing current and the intensity of

magnetization. After the magnetizing force was withdrawn

the wire regained its original length, permanent magnetiza-

tion notwithstanding.

No alter- Joule made careful experiments to determine whether
iition of t],g magnetization of an iron bar produced any alteration of
'"*

its volume, but could find none. He therefore concluded

that the longitudinal extension of a magnetized bar is accom-

panied by an equal lateral contraction ; and, in accordance

with this conclusion, he found that when an iron tube is cir-

cularly magnetized, perpendicular to its length, by passing

a current along its axis, it contracts longitudinally.

Tho results of Joule have been verified and to some extent added
to by Wertheim," Bulf,' Beez,< Tyndall,' Mayer," Eighi,' and Ader.'

Tlie three first experimented with magnetizing coils shorter than

the bar, and found that the extension was mucli greater when the

,coil was near the free end tlian when it was near tlie fixed end of

the bar. This of course raises the question how far the extension

is due to electromagnetic action between tho coil and the bar, and
liow far to internal molecular disturbance.' JIayer's results are in

agreement with Joule's except in the case of bars of soft ^teel, which
(not under traction) when the magnetizing current was first estab-

lished, elongated in some cases and retracted in others,— at the first

break elongated, and subsequently retracted at make and elongated
nt break. Richi's results for longitudinal magnetization are in

agreement with those of Joule ; he also gives a variety of interest-

ing results regarding the effects of circular and longitudinal mag-
netization on tho lengtli of iron wii'es. Barrett'" h.is recently

arrived at the interesting result that nickel behaves oppositely to

iron,—retracting about
i sn'oactli when magnetized to saturation

;

lie gives for tho elongation of iron and cobalt under like circum-
stances ToWnth and jT^nn!"' respectively.

Effect upon Jlfaf/)ieti:alion of Traction along the Lines of
'.yfafjnetization.—Matteucci '' seems to have been the first

to discover that when a bar subject to a magnetizing force

in the direction of its length is stretched in the same
direction its temporary magnetization increases. When
the stretching force is removed the magnetization again

diminishes. Werthcim'^ confirmed Matteucci's observation.

Villari," however, found that, after tho first effect, which

* In the case of a bar of hard steel ho found a considerable increase

in length every time tho magnetizinp current was intciTupted. This
he attributes to a state of " tension " iu tlio hardened steel.

' Ann. d. Chim. et d. rinjs., 1848.
' Cited by Wiedemann, Gah:, ii. § 504. * Pogg. Ann., IStfC.
• Diamagnctism and MagnecryslaUic Action, 1870.
« Phil. Mag., 1873. ' Nuov. dm., 1880.
' Comptes Rendus, 1880.
' See Wiedemann's remarks, Gah\, ii. § 503.
"> A'alurc, vol. xxvi., 1882.
" Comptts Rrndus, ]8'17 ; Ann. d. Chlm. d d. Phijs., 1853.
" Ann. d. Cliim. H d. Phys., 1857, 1858.
" Pogg. Ann., 1868, also 1865, 1869.

is always increase, the application of tho traction will cause

increase if the intensity of magnetization is not beyond
a certain critical value, but decrease if that value is

surpassed ; the removal of the traction causes in each case

the opposite effect to tho application.

The effect of the first traction on the permanent mag-
netization, whether of iron or steel, is a diminution ; the

effect of subsequent tractions iu steel is a diminution on

application, with increase on removal ; in soft iron an

increase on apiilicalion, a diminution on removal. Partial

demagnetization of a steel bar by an opposite mugnet'c

force causes it to behave like soft iron ; when the demagnet-

izing force is sufficient to reverse its polarity, the effect of

even the first traction may be to increase the magnetization.

Sir W. Thomson ^* has carefully studied the phenomena
in question, as exhibited iu a very soft iron wire '075 cm.
iu diameter permanently stretched by a weight of 1 lb, and
alternately stretched by weights of 7 Ih, 14 B), or 21 Db, and
unstretched (so that there was no permanent elongation).

As the magnetizing force was increased, the increase of

magnetization caused by the application of traction increased

to a maximum, then diminished, and became zero for a

certain critical value of the magnetizing force ; after tho

critical value was passed, the traction caused a diminution
of the magnetization, which increased asymptotically

towards a fixed limit as the magnetizing force was increased

more and more. The following table will give an idea of

the results.

I denotes the maximum increase, and D the limit of the decrease,

roughly estimated in the same arbitrary unit
;
p' 's the force corre-

sponding to I, and 39o the critical force, each expressed in terms oi

the earth's vertical force at Glasgow as unit ; T is the traction, t the
temperature.

T t
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Relations httween Torsion andSIayneliMlion.—These were

investigated by Matteucci,' and after him by Becciuerel

and Wertheim.- The whole subject was carefully studied

by G. W. Wiedemann,' who has done more thau any living

physicist both in discovering new facts in this interesting

Culd and in coordinating those fonnerly known. We
extract from liis Galvamsmns * the following series of

jiarallel statements, which will serve the double purpose of

making the reader acquainted with the principal facts, and

iif drawing his attention to the close analogy between the

mechanical and magnetic properties of bodies, and to the

ulmost perfect reciprocity of their experimental laws.

I. The pcrmonent magnetiza-

tion of steel bars is dimiuUhed
liy torsion in a proportion de-

creasing with increasing tor-

sion.

1. The permanent torsion of

iron wires is diminished by
magnetization in a proportion

decreasing with increasing mag-
setiz.ition.

2. Repetition of magnetization

in the same direction diminishes

permanent torsion very little

farther ; but magnetization in

Ihe opposite direction causes a

fresh and considerable diminu-

tion.

3. When tlie permanent torsion

of a wire has been removed as

far as it can be by magnetizations

n-itbin certain limits repented

alternately in opposite directions,

it takes a maximum of torsion

when magnetized in one direction,

a minimum when magnetized in

the other direction.

4. A permanently twisted

wire partially untwisted loses

less of its twist when magnetized
than an ordinary permanently
twisted wire. If the untwisting

has been considerable, feeble

magnetiz.ition c.mses an increase

of torsion, which rises to a

maximum and then decreases as

the magnetization is increased.

The greater the untivisting the
Btronper the magnetization corre-

sponding to this maximum, and,

when the untwisting is very

great, the maximum may not bo

reached at all.

B. If a wire under the inflncnco

of a twisting stress is magnetized,

the twist increases with weak
but decreases again witli strong

magnetization. The fust elTeit

of magnetization is usually to

increase the twist ; but, if tlio-

wire be jarred beforehand, the

magnetization at once causes

nntwisting, which disappears

when the magnetization ceasis.

6. If we magnetize an iron

wire 60 that its free end has north

fvolarity, and then pass a current

rom the fixed to the fiec end,

or first pass the current and then

magnetize, the frco end* of the

wire as seen from the fixed end
twists in the lUrcction of llio

hanils of a watch. The reversion

of current or of magnetizat)ion

reverses the twist ; reversion of

both leaves it unaltered.

[It would appear that when the
magnetizingforce and thecun ent

are both in action the twist tends
to a maximum when either is

increxsod, the other remaining
constant]

The alterations of the longitucUual anil circular maguetiaation of

II. Repetition of torsion in

the samu direction diminishes

permanent magnetization very
little farther ; but torsion in

tho opposite direction causes a

fresh and considerable diminu-

tion.

III. \Vheu tho permanent
mognctizatiou of a bar has been
removed as far as it can be by
twisting within certain limits

repeated alternately in oppo-
site directions, it takes a maxi-
mum of magnetization when
twisted in one direction, a mini-

mum when twisted iu the other

direction.

IV. A permanentlymagnetized
bar partially demagnetized loses

less of its magnetization when
twisted than an ordinary per-

manently maguetized bar. If

the demagnetizatioai lias been
considerable, feeble twist causes

an increase of magnetization,

which rises to a maximum and
then decreases as tlie twist is

increased. The greater the de-

magnetization tho greater the

twist coiTcsponding to this maxi-
inum, and, when the demagnet-
ization is very great, tho maxi-
mum may not be reached at alb

V. If a bar under tho iufluence

of a longitudinal magnetizing
forco is twisted, the magnetiza-

tion increases with small twists

but decreases again with largo

twists. The first elTect of twisliug

is usually to incre.iso the maguet-
ization ; but, if the bar be jarred

beforehand, tho twist at once

causes a decieasc, which disap-

pears when the twist ceases.

VI. If wo twist tho free end
of a wire iu the direction of the

bands of a watch as seen from
the fixed cud, while a current

from fixed cud to free end either

is passing through it or has

passed through it, the wire be-

comes longitudinally magneti/eil

sn that its free end has north
polarity. The reversion of cur-

rent or of twist reverses the mag-
netization; revei-sion of both
leaves it un.iUcrcd.

' CnmjiUs Reitdiis, 1847.
* Pogj. Ahh.. 1858. 1859. 186a

^ Cpmpfcs RemhiSj 1852
Bd. ii. § 4Sli

iron wires may be shown by the induced cnri'ents thereby caused in
a coil surrounding the wire or in tho wira itself. For example, if an
iron wire bo circularly magnetized by passing a current through it,

and then twisted in either direction, an induction current llows

through the wire in the same direction as tho original current ; and
an opposite current is observed when the wire is untwisted again.

This shows that twisting the wire diminishes the permanent circular

magnetization, while untwisting partially restores it.°

The relatinu between bending stress and magnetization has been
studied by Guillemin,' Werthenn,' Ader,* and Kimball;* but tho
ixsults are not of sufficient interest to be cited here. The question

has also been raised whether magnetization affects the elasticity of

bodies, and has been answered by Wertheim and Wartmann in the
negative. Both Kimball' and Piazzoli'" find that the breaking ten-

sion of iron wires is increased by longitudinal magnetization ; the
former juits the increase at 9 per cent, when the wire is saturated.

This is the place to mention tho so-called " magnetic

sounds" which accompany the magnetization and demag-
netization of the strongly magnetic metals. It is now
established beyond all doubt that these sounds have their

origin partly at least in the mechanical strains accompany-

ing magnetization. In many cases direct magnetic or

electromagnetic action, and even electrostatic and thermal

actions, concur in producing them, and it is often diffi-

cult to say how much is due to each of these several

causes. This is especially to be observed where the sounds

are produced by the passage of interrupted or undulatory

currents through wires of the strongly magnetic metals.

A full discussion of the matter belongs more properly to

the subject of electric telephony ; but a few notes on the

history and literature of the subject may be given here.

Page " seeras to have been one of the first to notice phenomena of

the kjjid ; but Joule " appears to have first stated clearly that mag-
netic-mechanical strain was a specific cause. He says that tha

magnetic extension in the core of an electromagnet takes place so

suddenly that the stock is sensible to tbe touch, and is accom-
panied by a musical note arising from vibration in the metal.

Marrian," JIatteucci," Beatson, and Wertheim" all took up the
matter; and Dsla Rive-' published many investigations concerning

it. In 1861 Reiss published the iu%-ention of an electric telephone

for the transmission of music and speech, which depended essen-

tially on the magnetic sounds produced by a varying current in an
iron core. This instrument was the prototype of the telephone ol

Gray, and of the still more famous instrument of Bell, whose action,

although often described as purely electromagnetic, is no doubt in

part due to the magnetic strains. Among tho more recent investi-

gations on this subject may be mentioned Ferguson, Proc. Boy.

Soc. Edin., 1878 and >8S0 ; Ader, Comptes Jxcndus, 1879; Du
Moncel, lb.; Chrystal, Xatvre, vol. xxii., 1880; Hughes, Proc.

Roy. Soc. Land., xxxi. and xxxii., 1881.

General liemaris.—Wiedemann has remarked with

ju.'stice that most of the effects of strain upon magnetization

and rice versa are complex. Apart from the possible

ndmisturc of direct magnetic action, we must distinguish

(1) tho mere disturbing effect of jarring: thus the first EITectt

application of a mechanical stress has the same effect as a complc*.

shock, i.e., it loosens the molecules of the body, as it were,

and lenders them more ready to follow any inductive

magnetic force, while the first effect of magnetization upon

a body uuder stress is precisely similar, and may in fact be

imitated by mechanical jarring pure and simple; (2)

after-effect, whether mechanical or magnetic, the conse-

quence of which is that the effect due to any mechanical

stress or magnetizing force is affected by pre-existing stress

aud magnetization
; (3) the proper effect of mechanical

stress or magnetic force, which appears at once where one

or the other is applied, and disappears when it is removed

' See Wiedemann and Villari, !.c. ; also Gore, Phil. Trans., 1874 ;

H. aud F. Strenitz, Wkn. Ber., 1877; Hughes, Proc. Roy. Sue.

Lend., 1881.
« Comples Rendtis, 1846. ' lb., 1846, ic.
» lb., 1879, s Sill. Jour., 1879.
'» Wied. Beibl., 1880 ; see also Hoffmann, lb.

" Por/ff. Ann., 1838.
'= Sturgeon, Ann. El., 1842; Phil. Mag., 1847.
" Phil. MaO; 1844. » Wied., Oalv., ii. § 515. •» lb.
« Comptes Rendus, 1845 ; PhU. Trans.. 1847, *c.
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111 his excellent anal3-su of tie phenomena, Wiedemann
coordinates them throughout by means of an extension of

Weber's theory of " molecular magnets " {Dnhiarc Mole-

cnUu-magnete). This of course involves an attemjit to pass

beyond the mere results of experience ; and there can be no
(juestion that, on the whole, this theory explains the facts

in a highly instructive and suggestive manner. The main
defect in it is the multitude of assumptions and the want
of clearness and definiteness in its conclusions. Thus it is

sometimes not easy to see why exactly the opposite conclu-

sion should not be drawn ; and it appears hopeless to bring

it to the test of a quantitative comparison with experiment.

Without entering into the ultimate causes of magnetism,

we might endeavour to reduce the phenomena to the

smallest number of experimcutal facts. Thus, assuming

merely the elfect;5 of longitudinal and transverse traction

upon magnetization and the magnetic extension and com-

pression along and perpendicular to the lines of magnetiza-

tion, we might explain many of the results concerniug the

relation between torsion and magnetization.

Let 113 take for exnmnle No. VI. of AA'icilcmaiiu's parallel state-

ments In fig. 44 let the upper end of the wire be the fixej end,

anil let P be a point iu an}' of the tliin co.ixnl cylinJric.il shells

into whicli the wire niny bo supposed ilivideJ. First suppose the

wire to bii circularly magnetiztd by the action of

n downward current, the result.int ino;;nctic

force at P being in the horizontal direction PB.

If now the wire be twisted in the direction of

the arrow T, it accjuiies two axes of gi-eatest

and least magnetic susceptibility P<; and Pr.

The resultant magnetic force PB being resolved

along these axes will induce more magnetism
along Pe than along P/- ; hence the aeolotropy

will cause the resultant magnetization to take

the direction PB' ; it will therefore have a posi-

tive vertical component downwards, which agrees

with statement A'l. In fact the twisting converts

the circular lines of magnetization into right-

handed helices.

Next let us suppose the wire untwisted to

begin with, but magnetized both circularly and
longitudinally, the components being PB and

PA. The resultant magnetization will then have

some direction such as Pc, but, by Joule's prin-

ciple, this will cause extension along Pe and

compression along the perpendicular direction Pc ; consequently

the wire will twist in the direction of the arrow T, which agrees

with statement 6. Jloreover, since magnetization along PB alone

would simply cause the tube to expand along a horizontal section,

and magnetization along PA alone would simply cause longitudinal

extension, it is clear that when cither A or B is given the twisting

reaches a maximum and then diminishes when the other is in-

creased.'

It doss not seem unreasonable to expect that a general

mechanical theory of this kind will yet be found to co-

ordinate all the facts ; although there are difficulties in its

w.iy at present.- The phenomena will then be reduced to

two or three experimental facts at the utmost, which it

will be the business of some ultimate dynamical theory of

magnetism to explain.

Effect of Temperature.—Some information on this subject

has been given incidentally above, p. 256. We collect here

a few additional facts ; but a complete account of all that

Las been done could ii' I be compressed within our available

space, owing to thii great diversity of opinion upon the

subject. That the question is a very difficult one will

appear at once, if we reflect that variations of temperature

influence the density and molecular structure of magnetic

bodies to a remarkable degree, and that thus secondary

' According to the results of Villari and Thomson, if the magnetiza-

tion wore beyond a certain critical value, Pe would become an axis of

compression and Pi- an axis of extension, in which case the wire would
twist in the opposite direction.

" See Thomson, Phil. Trans., 1879, p. 73. Not the least of these

arise from gaps in our experimental knowledge : e.g., regarding tha

effect! of permanent act caused by traction aud coinprcssiun.

Fi;

T

. 44.

influences arise iu addition to the proper effect of tempera-
ture.

That very high temperatures destroy buth the magnet-
susceptibility and the power of retaining magnetise
altogether has been known since the infancy of magnetic
science. Thus Gilbert found that a loadstone and a piece
of iron equally lost their power of affecting the magnet/:^
needle when heated very hot, and remarks that the
magnetic property returns to the iron after it has cooled a
little, but that the magnetic virtue of the loadstone is

altogether destroyed. * .Similar results were obtained by
Brugmans, Boyle, Cavallo, Barlow and Bonnycastle,
Christie, Ritchie, Erman, Sccresby, Seebeck, and others.

Faraday * found that a steel magnet lo.st its permanent
magnetism rather suddenly at a temperature a little under
the boiling point of almond oil ; it behaved like soft iron

till it was raised to an orange-red heat, and then it lost

its magnetic susceptibility and became indifferent. The
temperature at which retentive power for periuanent

magnetism was lost appeared tt. vary in steel with the

hardness and structure ; iu fragments of loadstone it was
very high : they retained their permanent magnetism until

just below visible ignition in the dark, but, on the other

hand, they lost their susceptibility at dull ignition, i.e., at

a much lower temperature th&r. iron. Nickel was founcl

to lose its magnetic susceptibility at a much lower tem-

perature than iron, viz., abcuc 330° to 340° C.^ Cobalt

ia much more refractory, it,- it retains its susceptibility,

according to Faraday, nearly up to the melting point of

copper, i.e., to a white heat. The writer had occasion to

verify these results in the course of some experiments on
the magnetic sounds in wires of iron, nickel, and cobalt

traversed by an interrupted c.irrent of electricity.''

The effect of extreme cold, produced in the ordinary

way by means of solid carbonic acid and ether, was, accord-

ing to Trowbridge,^ to diminish the moment of a steel

magnet (magnetized at 20° C.) by about GO per cent.

The effect of moderate alteration of temperature varies

greatly according to circumstances. Wo shall consider

separately the effect upon the magnetic susceptibility and

upon the permanent magnetism ; but it must bo noticed

that no such separation ia possible in actual experiment.

The temporary magnetism of bars of cast iron, smithy

iron., soft iron, soft steel, and hard steel magnetized by the

earth's vertical force was found by Scoresby^ to be insensible

at a white heat, but to be much greater at a dark red

heat than at the temperature of the air. The difference

was most marked in the case of hard steel, no doubt partly

because of the softening of the bar. Similar experiments

were made by Barlow, Seebeck, and others. Kupfer 3

experimented on the subject using variations of temperature

between 0° and 100" C., and founil the susceptibility of soft

iron to increase with the temperature. Wiedemann's con-

clusion is that the first alteration of temperature, whether

increase or decrease, increases the temporary magnetism of

iron or steel, whatever the temperature at starting. If the

temperature be repeatedly altered and brought back to its

initial value, the magnetizatioa continues to increase, but

after a timo becomes mora and more nearly constant at

the initial temperature. After this state has been reached,

an increase of temperature causes increase of magnetiz.v

tiou in very hard steel bars, a decrease of temperature a

decrease of magnetization ; tha Luhiiviour of soft ateel bars

is exactly opposite.

' Di ilagnctc, lib. ii. cap. 3.

« Mxp. lUs., vol. ii. p. 220, 1836.

» According to Becquerel about 400° C, according to Pouillet about

360° C. 'Nature, vol. ixii., 1880.

' Sill. Jour., 1881 9 fli.iL Xrma. Roy. Soc. £Mn., vol. U.

» Wied., Oaiv., u, £221-
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Baur's

results.

Dinmtig-

iH'tisni

of flame

Banca-
tari.

Fara-

day's

experi-

ments
on
heated
.gases.

Biur * and Wassmutli- have recently takeu up tbo matter

with all the advantages of modern experience. The former

concludes from his experiments on iron by the ring method,

at temperatures between 0° and 150° C, that the magnetic

; susceptibility for a given magnetizing force increases with

the temperature if the force be below a certain critical

value (3'6 or so), but decreasej as the temperature in-

creases if the force bo above that value.' The smaller the

magnetizing force the greater the inQuenca of teniperatura

on the magnetic susceptibility. The result of his experij'

inents at very high temperatui'cs is that,' for • small

magnetizing forces, the susceptibility at first* increases

rapidly as the temperature increases, reaches a maximum
at red heat, and then falls suddenly to zero. For largo

forces, the susceptibility decreases gradually until red heat,

and then falls suddenly to a very small value. According

to him, if a bar be cooled from white heat the, first traces of

'susceptibility are observed at a very bright red, the

brighter the greater the magnetizing force. He gives a

variety of interesting results concerning the phenomenon of

Gore,'' all in accordance with what we have just stated.

In his earlier researches Faraday was unsuccessful in

obtaining any evidence of the influence of temperature on
the susceptibility of weakly magnetic bodies, such as the

chlorides of the magnetic metals or of diamagnetic bodies.*

His earliest results were obtained with gases, and that too,

strange to say, before the magnetic character of gasss was
fuiiy investigated. It was Bancalari's discovery of the

extraordinary behaviour of flame between the poles of

an electromagnet that led Faraday to resume his magnetic

experiments on gases. Flames of all descriptions are

strongly repelled from the axial line of a heterogeneous

magnetic field,—so muck so that it is impossible to induce

the flame of a candle to go between the pointed poles of a

powerful electromagnet when they are placed at a short

distance apart. The flame is blown aside, or even down-
wards, as if by a strong current of air issuing from between
the poles. If a flat pointed flame is placed with its centre

ft little below the axial line, when the magnet is excited it

drops down and spreads out below and around the axial

line, assuming a iish-tail shape. It appears that the effect

is not due to the solid matter in the flame but simply to

the hot gases in it ; for the uppe» and cooler part of the

stream of smoke from a freshly extinguished taper is

scarcely affected, while the lower and hotter part is most
powerfully acted upon, being blown aside and often split

into two independent streams. A careful investigation led

Faraday to the conclusion that oxygen, carbonic acid,

and coal gas are rendered more diamagnetic, or, what is the

same thing so far as the resultant differential action is

concerned, less magnetic by beat,^ and that this effect was
much greater than could be accounted for by the mere
rarefaction of the gas. He likewise obtained an increase of

the susceptibility of oxygen by cooling it with ether and
solid carbonic acid. Nitrogen appeared to be altogether

indifferent. He found in a later series' of experiments
that the magnecrystallic property of bismuth was destroyed
at a temperature a little below its melting point, and that

the same thing happened to crystalline antimony a little

below red heat. In the thirtieth series of his experimental
researches he states that between 35° and 142° C. the

susceptibility of a specimen of spathic iron ore perpendi-
cular to its magnetic axis decreased by -333 per cent, per
^egree centigrade of rise of temperature ; this agrees very
closely with the formula which was found by Wiedemann to

' fyied. Ann., ri., 1880. « fFien. Ber., 1880, 1881, 1882.
' See the resulU of Faraday, Exp. Res., aer. xxx. 3424, &o.
* Phil. Mag., 1869, 1870.'

» Exp. Jies., 2359, 2397, 1815.
7 Exp. Res., 2570 jj., 1848.

' Exp. Ret., vqI. iu. p. 486.

represent very approximately the temperature effect for

salt solutions, viz., k, = ^-^ (1 - -00325 t). For the decrease
in the magnecrystallic couple, or, which is the .samu thing,

iu the difference between the susceptibilities along and
perpendicular to the magnetic axis, he found for the spathic

iron ore '482 per cent, between 0° and 138° C, and the

percentage of (decrease was four times as great between
-11° and 0° as between 129° and 143°. The cor-

responding decrease in the case of crystalline bismuth
between 36° and 137° C. was '53 per cent. The experi-

meuls of Pliicker and Matteucoi led them to conclude that

the susceptibility of diamagnetics diminishes with increase

of . temperature ; in the case of bismuth the decrease

between ordinary tem^ieratures and it9 meltiog point is

Said to be about one-sixth or more.

Canton seems to have been one of tho first to study the KfToct >.

effect of moderate variations of temperature on the pcr-'i''"'"-

manent magnetism of iron and steel. The results of his
'"'''

and HallstriJm's experiments went to show that permanent
'"""^'"

magnetization decreases when the temperature rises, and
n,.,;^,,,

increases again when the temperature falls. In reality,

however, as was shown by Kupffer,^Ries3 and Moser, G.

Wiedemann, and others, the phenomenon is complicated

;

for, if we repeatedly heat a magnet and allow it to cool to First

its initial temperature, the magnetization lost at each heat- .ind ii.^r

ing is only partially recovered on cooling, and thus a ""ni'iit

progressive loss goes on. until at last a constant state is
"'T"''^'-

reached, in which the magnetization lost on heating ia

completely recovered on cooling. In this respect, as well

as in the effect on the magnetic susceptibility already

discussed, there is an analogy I between the effect of

temperature and the effect of strain ; i.e., there is a first or

permanent effect and a proper or temporary temperature

•effect. The permanent effect is that any alteration of

temperature, be it increase or decrease, diminishes the

permanent magnetization just as a shock or a jar would

do, and probably for a similar reason. The proper orPr"!"''

temporary effect consists in a decrease of magnetization ''""'

with increase of temperature, which is completely recovered ^Z',','?'

on decrease of temperature and vice versa.^ If this be

borne in mind, together with what has already been said

above, it will not be difficult for the reader to see that

the order and amount of the temperature variations, the

hardness and form of the bar, and its magnetic history

will all influence the temperature coefficient.

To take one example, WieJemann found that a bar magnetized
at 0° C. and then partially demagnetized by an opposite force, lost

magnetism when heated ; if the demagnetization was not carried too

far, it did not when cooled again to 0° wholly recover what it had
lost. If tho demagnetization was carried a certain length, it

recovered all that it had lost ; if farther still, more than it had lost.

It was in fact found possible to demagnetiie a bar, so as to render

it apparently unmagnetic, and then to restore part of its original

magnetism by merely heating aod cooling it again. Similar

phenomena were observed with a bar magnetized and de-

magnetized at 100°, and then alternately cooled and heated.

Unverdorben," who arrived somewhat later at similar results,

represents the matter by saying that the bar in this cass has two
magnetizations superposed, each having its own temperature

coelEcient.

Tho following are a few additional references to sources of

information concerning the present subject: Mauiitius, Pogg. Ann.,

1863, and Phil. Mag., 1864 ; Jamiu and Gaugain, Comptes Rendus,

passim; Fave, lb., 1876 ; Poloni, JFied. Beibl., 1878.

^ To give the reader an idea of the magnitude of this effect, «• e^^
mention that Whipple in determining the temperature corrections for

magnetometer magoets at Kew, according to the formula

K, = Kjl-e(<-g-g'{i-g»}.

found for the coefEciefit q values varying from '000762 to '000044,

with a mean of '000161 ; and for q from -00000398 to -00000001,

with a mean of -00000048 (Proc. Rot/. Soc. Land., 1877).
' Quoted in Lamont, i/aniiA. rf. Mag., %S2. Auasoountof Jjamont'a

own researches will be fooad iu the njui ^lace.
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Development of Ihat (lariiir/ Majnelization.—Reasoning

oil purely thcrmnclyiinmic piiiiciples from the results of

Faraday, as to tlio iiillucucc of temperature on the mag-

netic properties of bodies, Thomson' lias concluded—(1)

tiiat a piece of soft iron at a moderate or low red heat,

wlien drawn gently away from a magnet, c^^pcriences a

ciHiling etToct, and, when allowed to approach, a heating

ttf jct, and that nickel at ordinary temperatures and cobalt

at high temperatures (between the molting point of copper

and some lower temperature) experience the same kind of

effect; (2) that cobalt at ordinary temperatures and up to

the temperature of maximum permeability experiences a

cooling effect when allowed to approach a magnet, and

heating when drawn away
; (3) that a crystal in a

magnetic field experiences cooling M'hen the axis of

greatest paramagnetic or of least diamagnetic suscepti-

bility is turned from along to across the linos of force, and

vice versa.

Besides these considerations, the fact that those who
adopt the molecular magnet theory are obliged to assume

something of the nature of a frictional resistance to the

turning of the magnetic molecules, and generally, without

reference to any particular theory, many of the phenomena
of coercive force,'- lead us to suppose that some specific

development of heat may accompany magnetization and

demagnetization. The experimental verification of this

suspicion is, however, a matter of great difficulty, owing to

the enormous generation of heat arising secondarily from

induced currents in the mass of the metal. The develop-

ment caused by magnetization and demagnetization was

taken advantage of by Joule in one of his determinations

of the mechanical equivalent of heat, but he makes no

attempt to separate the effect of the two causes, indeed it

did not concern his purpose to do so.' Notwithstanding

that several experimenters have attacked the problem, it

cannot be said that it is yet completely solved. It will

therefore bo best simply to call the reader's attention to

Bome of the paiiers that have been published on the subject,

and leave him to form his own judgment.

See Von Breda, Pogq. Amu, 1S46 ; Grove, P/u7. Mag., 1849;
EJlund, Pogg. Ann., 1864; Villari, X. Cim., 1870; Cazin, Complcs
Hcnihis, 1874 ; Herwig, Wicd. Ann., iv., 1878 ; Trowbridge,

irkd. BcibL, 1879.

I Miscellaneous Relations of Magnelism to other Physical

Properties.— According to Maggi'' the thermal conductivity

of magnetized iron is less along the lines of force than

across thcni. Naccari and Bellati^ wore unable to verify

this result ; Tomlinson,'' however, found that the con-

ductivity of iron and steel bars was diminished by
longitudinal and increased by transversal magnetization.

Abraham, Edlund, Mousson, and Wartmann all made
experiments in search of a magnetic alteration of the electric

conductivity of iron. Thomson seems, however, to have

been the first to arrive at any definite result." He found

the conductivity to be diminished along the lines of

magnetization and increased across them. Beez* verified

the former result, but doubts the latter, which he is inclined

to explain as a secondary effect caused by the compression

of the iron arising from the external magnetic action on the

plates used in Thomson's experiments.

Thomson also found ' that the thermoelectric quality of

iron was affected by magnetization ; the thermoelectric

current Dowed from unmagnetized to longitudinally

magnetized, and from transversely magnetized to un-

magnetized or longitudinally magnetized iron through the

' Phil. Morj., 1S7S ;
01- Nichol'-s CijclopiciUu, 1A ed., 1860.

- See the paper of Warburg quoted abuve. p. 260.
3 Joule. n,l Mng., 1843.
* y|ic/i)iv.! lie Gcnf,Y. 1850 ; or Wicd.. Gnlr . li, g 510.
» /F/crf. /3dU., 1877. <• P,oc Itmj Soc. Land . 1878.
' Phil. Trans., 1856. « p^.^^ .i„„ _ jagg. « i„^ ^^l
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hot junction. In tlie case of uickel, tlie current flowed
from longitudinally magnetized to unmagnetized througli

the hot junction, i.e., nickel behaved oppositely to iron.

Thomson's results have been in part confirmed by a recent

investigation of Strouhal and Barus.'"

A relation between magnetism and light was first

established by Faraday's discovery of the magnetic rotation

of the plane of j)olarizatiou of a ray passing along fhe

lines of force. This subject belongs more properly ta

physical optics, but there is one magnetic phenomenon
apparently closely connected with it which f.alls., to be
mentioned here. This is Hall's discovery i' that, if an
electric current flow in a thin metallic strip in a direction

AB, the effect of placing the strip in a magnetic field with

its plane perpendicular to the lines of force is to cause a
transverse electromotive force perpendicular to AB, which
changes in sign when the direction either of the current or

of the magnetic field is changed. This transverse electro-

motive force is proportional to the product of the current
intensity and the strength of the magnetic field ; ceteris

paribus, its direction in the case of iron is opposite to tliat

in other metals, and its magnitude is also greatest with iron.

This discovery establishes the existence of the rotatory

coefficient of resistance mentioned by Maxwell'- in his

discussion of a;olotropic conductivity ; and Rowland has
shown that the phenomenon is probably due to the same
cause as the magnetic rotation of the plane of polarization."

If, as modern physicists suppose, magnetism be a dyna-

mical phenomenon, time must enter as a conditioning

clement. The question has been raised how long any
magnetizing force takes to develop the maximum magnetiza-

tion that it is capable of producing. There are many facts

that go to prove that this time is very small, or, at all events,

that any force develops a very large fraction of the total

niagnetizatiou due to it in a very short period of time.

Perhaps the most wonderful evidence on this head is the fact

that the telephone, which depends essentially, on varying

magnetic action, can reproduce the sounds of human speeclj

even to the consonants.'^ Experiments bearing directly orf

the subject have been made by Villari.'^ A flat circular disk

of flint glass was placed between the poles of a Kuhmkorff's

apparatus for measuring the magnetic rotation of the plane

of polarization. The axis of the disk was perpendicular to

.the axial line, so that rotation brought the different radii

successively into the line of sight. When the disk was
at rest the magnetic action in one experiment caused a rota-

tion of 19 divisions; spinning the disk at the rate of 110,

121, 113, and 180 turns per second reduced the magnetic

rotation of the plane of polarization by 2, 5, 10, and 17

divisions respectively ; the reduction was less the greater the

magnetic force. From this Villari concluded that in flint

gla.ss not less than 0'001244 second is required to produce

such a diamagnetic intensity as can be observed by the

rotation of the plane of polarization, and that 000241
second at least is required to develop the greatest

diamaguetization of which this substance is capable; he
also states that the diamagnetisra lasts for less than

0001 8 second after the inducing force is withdrawn. A
series of interesting experiments on the oscillation of the

plane of polarization caused by the oscillatory discharge

from a Leyden jar recently made by Bichat and Blondlot '*

led them to a different conclusion, viz., that if any lagging

of the induced magnetization behind the magnetizing force

'" ;rn.rf. Ami., xiv., 1881. " fAlV. Mag. [5], ix. and x., 1880.
" El. and Mag., vol. i. § 303. 'See also Stokes, Camb. and Dnb.

Math. Jour., vi., 1851 ; and Tkomson, Trans. R.S.E., vol. lii. p,

1G5. 1854.
" Am. Jour, of Math., 1880 ; Phil. Mag. [5], I., 1880, and xi..

1881.
'* See also an article by the writer, Phil. Mag. [5], ii. 1876.
" Pogg. Ann., 1879. " Compl'"! Rendus, 188i
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exists it is less than 0000033 second. No explanation

has been given of the discrepancy of these results.

In the early part of this century there was an animated

controversy as to whether light exerted a direct influence

upon magnetization, in which Morichini, Mrs Somer-

ville, Christie, Kiess and Moser, and many others took

part.- Nothing definite, however, was established. A
similar fate befell the attempts to trace the influence of

magnetic force upon crystallization, and to detect a relation

between magnetism and gravity,' although both quests at

one time or another engaged the skill of Faraday.

Forms, Construction, and Preservation of Magnets.

This subject occupied a large portion of most of the

earlier treatises on magnetism. JIuch of the information

given, however, either has now been recognized to be of

questionable value or has been superseded by recent pro-

gress, and retains a merely antiquarian interest ; a few brief

remarks, mainly historical, will therefore be sufficient.

The oldest form of inaf^et was a piece of magnetic iron ore or

loadstone. The power of these natural magnets vaiicd exceedingly

from one specimen to another. An elabornte discussion of the

various kinds of loadstone
TV-ill be found in Gilbert's

Vc Magneto.'' In order to

increase the carrying power,
the loadstone was usu.iUy "
fitted with armatures of
soft iron upon its polar
egions ; figure 4.";, taken
iVom Gilbert, represents one
of the oldest arrangements. ^'S' ^^
Figure 46 is taken from a loaustonc in the collection of physical

apparatus belonging to the univereity of Edinburgh, the carrying

power of which is 205 lb. A loadstone in the Teylerian Jluseum
•t Haarlem has a carrying power of 230 lb ; and one at Lisbon, pre-

Fig. 46.

seated hy the emperor of China to Kiuf; John V. of Portugal, is said

\a support as much a.s 800 lb. Small loadstones are often very
powerful in proportion to their weight ; e.g., Newton is said to have
wore in a ring one that weighed- only 3 grains, and yet was able to
rarry about 746 grains ; and one in the physical collection at Edin-
burgh, formerly belonging to Sir John Leslie, weighing itself 34
grains, had at one time a carrying power of 1560 grains.

The intradltr.tion of steel magnets, and the perfection to which
they were gradually brought, cansed the loadstone to fall into disuse.

It is said that Galileo possessed the art of making steel magnets
»lK)ut the begttining of the 17th century. It was early discovered
tlut the earth's force could be utilized in magnetizing steel.

' For the literature, see AVied., Gnlr., §§ 688, 689.
' See also Gebler's Plij/sikalisdttt Worletbiich, art. "Magnetismus.

"

Gilbert was aware that a feeHc maguclization rould be produced in

this way; and Michell, in his treatise on artificial magnets, minutely

describes how weak magnets may be made by means of the earth's

force, then combined into bundles or "magazines" and used in

turn to produce stronger magnets, these used to produce still

stronger, and so on.

The earliest process of all was no doubt the method of rub-

bing or touching by another magnet. This method of making
magnets was studied with much attention by the natural

philosopb.ers of the 18th century, among whom we may men-
tion Savcry, Knight, Uuhamcl, Le Maire, Canton, Michell,

^piHUs, Coulomb, and Euler. The method of sin"le touch

consists simply in stroking the bar to be magnetize4 alternately

on its two halves with the south and north poles of a loadstone

or bar magnet, the stroke beginning always at the miildle and

ending kt the end. According to Lament, the best plan is to lay the

magnet flat, overlapping one h.ilf of the bar to be magnetized, and
then draw it ofl'; when the magnet is held perpendicular to the bar

during the process, the result is apt to give an irregular magnetiza-

tion : c.f/. , we may even get a magnet with its two ends north poles

and witii a south pole in the middle, or one with four poles, a north

and south pole at the two ends and a south and north pole in the

middle*^

The first improvement on single touch was double touch with

separate magnets. This consists in using two magnets simul-

taneously on the two halves of the bar undergoing magnetization.

The north pole of one and the south pole ol the other are placed

cither close together, or at a small distance apart near the middle

of the bar, and then each is drawn towards the end of the half

on which it lies ; according to Lament, here, as in single touch,

the magnets should be laid Hat on the bar.* Jlichell introduced the

further improvement of using two bar magnets (or bundles of such)

fastened together and kept parallel at a small distance apart by
means of .small pieces of wood, the north pole of one being conter-

minous with the south pole of the other. This pair is placed verti-

cal with one end on the middle of the bar, drawn towards one

end and slipped ofl^ then replaced on the middle and drawn to the

other end. and so on alternately until the moment of the bar ceases

to increase any farther. Instead of the pair of bar magnets a horse-

shoe magnet might of course be used.

Le Maire' introduced the essential improvement of placing the

bar to be magnetized upon a larger bar, and then magnetizing

the two together. The advantage of this is best seen in the form

of the same device adopted by Canton^ and Duhamel,' who mag-
netized steel bars in pairs, connecting them up parallel to each

other by means of two pieces of soft iron, and then magnetizing

them in opposite directions. It is easy to see that the magnetiza-

tion of the one reacts on the magnetization of the other and
strengthens it. Michell' obtained a similar advantage by
magnetizing a number of bars placed end to end in a line

;

he found, as was to be expected,' that the end bars were weaker,

but this defect he remedied by repeating the process wit-h the

bars arranged in a ditfereut order Coulomb's method was to

place the ends of the bar on the north and south poles of two

bar magnets arranged in lin5 at the proper distance apart. This

process of connecting up the bars to be magnetized in a closed

magnetic circuit is sometimes called circular touch ; it can be

applied to horse-shoe magnets by placing a pair of them with

their ends together, and then passing round and round upon them
a horse-shoe magnet or a pair of bar magnets arranged as already

described.*

Immediately after CErsted's discovery of the magnetic action of Hectrc-

the galwftnic enrrent, Arago,^ Boisgiraud,**' and Davy almost siniul* roapriet*'

taneously applied this property to the magnetization of iron and
steel." Powerful electromagnets, with cores of soft iron, were first

constructed a few years later by Sturgeon and Brewster. Pohl, Moll,

and Pfafl'in Germany, and Henry and Ten Eyck in America, may
be mentioned as the most successful of the early constructors. Ono
of the electromagnets of Henry and Ten lEyck reached a carrying

'Poles situated abnormally in this way are called "consecutive

points."
* This method appears to have been invented by Knight (about

1740), and used in producing the powerful magnets for which he was

famous The secret of his process was never divulged by himself, but

was published by Wilson after his death. See art. Magnetism, 8th

edition of Kncyclopiedia /Irilanniea.

' Mein. d. CAcad d Paris, 1745 and 1750.

« Phil. Trans.. 1751.
' Treatisf of Axtifioal Magvels, 1756.
' For fuller information on the present subject, see Gehler's Pkyti'

KaUsches WdrUrbuch, art. " Magnetismus." rv.

' Ann. d. Chim. et d. Phys., 1820.
" Phil. Trans., 1820-21.
'* The anom.alous magnetization of needles by the discharge from

Leyden jats had been observed earlier, bat not properly understood.

See art. Blectbicitt, vol. vjii. p. 82.
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power of 2061 lb ; but magnets specially constructed for carrying

power have surpassed this limit. As a specimen of scientific toys

of this description may be mentioned the electromagnet of Roberts

(fig. 47), which consists of a square block of iron deeply slotted

witli four parallel grooves into which three layers of copjer wire

cable are wound in 2igzag fashion ao that the current converts the

flanges alternately into north and south

poles ; the armature is a square block
planed to fit the face of the magnet The
carrying power of a machine of this kind
was 2949 lb, i.e., more than IJ tons !

The forms of electromagnet used in the

arts, e.g., in electric bells, 6re alarms,

telegraphs, telephones, eletftric light regu-

lators, dynamo machines, Ac, are simply
innumerable. It will be sufficient to allude

to those constructed for the purpose of pro-

ducing an intense magnetic field, uniform
or non-uniform, over a larger or smaller

area ; these find their practical applicatinu

in the construction of dynamo-elecfric
machines, but they are mainly interesting

to purely scientific men on account of then'

use in the investigation of the properties of

weakly magnetic Dodies. Figure 10 ahoms
the usual arrangement adopted for larwe

laboratory magnets. _In considering the
greatest available"Strength of such magnets.
It is necessary to bear in mind the fact ^'S- *'
that magnetic saturation of iron is practically reached with mag-
netic forces much under the greatest that we can command. The
etrengtli of field in a narrow crevasse perpendicular to the lines of

magnetization in saturated iron is less than 18,000 C.G.S. units;'

and this is practically the utmost at present attainable, for auv
addition to the strength of the field, arising from direct action of

the magnetizing helix, would not under ordinary circumstances
affect the hundreds in this nnmoer. Further increase of magnetizing
current after we have reached within a small percentage of the limit

of saturation is a waste of power.
Elias' of Haarlem seems to have been the first who applied the

electric current directly with success in the manufacture of powerful
permanent magnets. He used a short flat magnetizing coil which
was pushed backwards and forwards along the bar, the ends of which
were caused to abut against two pieces of iron, which becoming in-

ductively magnetized reacted on the bar, and also served to keep the
magnetization at the ends more uniform. The famous Logeman
Magnets were constructed by this process.

By far the most convenient way of magnetizing steel is to use an
electromagnet.' The bar to be magnetized may be laid flat on the
pole of the magnet before it ia excited, and after excitation drawn
•(lowly off. By repeating this process several times, with the north
pole of tho electromagnet for one half and the south pole for the
other half, saturation can be very quickly obtained. Perhaps a
better plan is to lay the bar with its ends on the two poles, and
then excite tho electromagnet. For reasons already sufficiently

explained, it is advisable to hammer the bar with a mallet while
the magnetizing force is in action, and to turn the current off and
on several times in succession.*

On account of tho difficulty of tempering steel to any great depth
from tho surface, and for specific magnetic reasons as well, it nas
been customary in constructing powerful permanent magnets to
build them up of thin lamina; of steel, each of which is separately
magnetized. Figure 48 represents an arrangement of this nature

m
1 s

^^ [M

Fig. 48.

adopteu oy Coulomb, and figure 49 a horse-shoe magnet constructed
In the same way. It will be observed that the ends of the lamina;
are not exactly conterminous, the middle ones projecting more than
the others

; this arrangement was adopted with tho view of getting
rid to aomo extent of tho weakening effect which tho induction of
one lamina has npon the other. That such an effect exists ond is very
great was conclusively shown by Coulomb ; how far the modification

' See above, p. 256. » Pogg. Ann., 1844 and 1846.
• Frick, Pogg. Ann., 1819, was one of the earliest who practised

.

this method.
* It has been several times proposed to magnetize steel bars by heat-

Jnfc them red hot, alloiving them to cool to the proper tcmperatore
onder the magnctizinj; force, and then tempering while the force ia still

acting. Gilbert, Knight, Robison, Haman, Gaugain, Aim*, and Hol»
[Wied. Ann., vii., 1879) have all experimented with this method, bnt It

does not appear to possess any advantage over the ordinary modem
process, and need not be discussed here.

in question cures it is another matter ; much no dount depends on
the purpose for which the magnet is required ; but it is scarcely,

worth while to discuss the subject here. We may call attention to

a farther point in the ooustruclion of Coulomb's magnet, viz. , that

the ends of the laminae are embedded in two soft iron terminals N
and 3 ; there can be no doubt that, for soma
purposes at least, this is an advantagenns
arrangement. Among the famous modern
makei-s of permanent magnets Uackcr of

Nuremberg, Logeman and Wetteien of Haar-
lem,' Willward, and Jarain deserve to be

specially mentioned.*
In the preservation of permanent magnets it

is easeutial to avoid extreme ohanges of tem-
perature and shocks. AVhen the magnet is

laid aside it should bo- made part of a closed

magnetic circuit ; in tho case of a horse-shoe

magnet this is attained by simply laying a
piece of soft iron, called the keeper, across the

poles ; bar magnets should be kept in parallel

pairs, north pole to south pole and south pole

to north pole, with two pieces of soft iron ^'S- ^'•

between the poles. When this is done the induced magnetism'
reacts on the magnets and diminishes tho demagnetizing force;

the action of shocks then ceases to destroy the permanent magnet-j
"sm, and may even increase it.

UinMATE Theories op Magnetic Phenohena.

If we pass over ihe stream theory, which, althongh^
partially developed by Eulcr, has never taken root in|

modern physical science, the first great theory that we
find proposed with a view to the explanation of magnetism
is the two-fluid theory of Coulomb and Poisson. This is

not an ultimate theory in the modern sensp, inasmuch as

it is not dynamical : but it was, doubtless, looked iipon as

ultimate in the days when the .imponderable fluids had a
recognized role in the physical sciences. In the two-fluidTwo-

theory the imaginary positive and negative attractive ""'d

agents (called magnetism in the empirical theory developed']":'"''' "^

above) are regarded as imponderable fluids; but t].g''"^"**""-

essential point in the definite form of the theory due to

Poisson is that he regards a body susceptible to magnetic
induction as made ap of an infinite number of particles of

infinite permeability immersed in an impermeable medium.
After pointing out that, if the particles were of elongated

form, and arranged so that the axes of elongation had one pre-

ponderating direction, or if they were arranged so that the

linear density in different directions varied, tho result would
be aeolotropy, he assumes that they are spheres uniformily

distributed in the impermeable medium so that the volume
of the magnetic particles in unit volume of the substance is

the fraction L The problem of magnetic induction under
the influence of a uniform force is then tho same as t!:^

problem of electric induction for an infinite number of

perfectly condacting spheres uniformly distributed in a
non-conducting medium. He finds for the permeability

z^={i + 2k)!a-k).
Maxwell has pointed out one fundamental objection to this

theory, viz., that the value of fc calculated from the formula just

given by means of observed values of « in the case of iron is

greater than it would bo even if the magnetic spheres were packed
in the closest possible manner. Another objection is that tho
theory affords no explanation of the variability of k with different

forces. We might of course modify the hypothesis, as was done by
Pliicker, by supposing that a resistance depending on the magnitude
of the force oi>posc3 tho separation of the fluids in the magnetic
molecules, and that in certiin cases a friclional resistance tends to
prevent their reunion. Wo might in this way explain magnetic
aaturatioa aud permanent magnetism ; but the theory thus har-

dened has no more scientific value than the jmrely empiric theory,

and, moreover, affords no clue to the phenomena of dianiagnetisni.

' Advised by Elias and Van der WUligen ; see Nature, voL tix.

p. 552, 1879.
• Further details as to the advantages and disadvantages of various

forms of magnets will be found in Wiedemann's Oalvanismus, and
Lament's Handbuch des Magnetimms. See also a recent paper by W.
Holz, IVied' Ann., 1880, on hollow cylindrical magnets, and anothei

by Gray on the moments attainable with hard steel bars, PhU.
Mug., 1878.
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lu a very important class of modern theories, tlic f uiidi-

meotal assumption is that the molecules, or at all events

a certain proportion of the molecules, of magnetic sub-

stances are small permanent magnets. In a body which
is to outward appearance unmagnetized, the axes of these

molecular magnets are turned inditfereutly in all directions
j

in a body wliich is magnetized in a certain direction a

larger proportion than usual of the molecular magnets have
their axes more or less in that direction. Magnetic
induction is supposed to consist, not in any alteration of

the molecular magnets themselves, but in the orientation

of their axes under the action of the inducing force. The
reader may figure to himself the nature of the action by
imagining a line of small magnetic needles with their axes
all liorizontil, but all pointing in different directions ; the

whole system thus arranged will have no determinate
magnetic moment, and will represent an unmagnetized
body. Next, suppose a magnetizing force to act parallel to

the line joining the centres of the needles, they will then
arrange themselves in that line, and the magnetic moment
of the system will be the sum of the moment of the
different parts ; we have thus an image of a body magnet-
ized by induction.

Weber's The notion of molecular magnets seems to have been suggested

torn) hy Kirwan; but it was not until a definite form was given to
it by Weber that it acquired any importance. Tlie mathematical
problem presented is one of great complexity. In the position
of equilibrium any molecule is acted on by the magnetizing
force, by a magnetic force due to the combined action of the other
molecules, and possibly by a force arising from the displacement as
well. Weber assumes that the couple tending to restore the mole-
cule to its oi-iginal position is that due to 4 constant magnetic force
D, parallel to the original direction of its axis. If m be the magnetic
moment of a molecule, and there bo n molecules in a unit of volume,
then the magnetic intensity | due to the magnetizing force f) is

given by |-27)m|)/3D, if S<D ; and by |-mH(l - D^/SJi^), if

|8>D. In other words, the curve (j, ^) is straight till it reaches tlio

point (!5mn, D), it then becomes concave towards the axis of |), and
rises towards an asymptote parallel to the axis of ^; the maximum
value of ^ is mn. The theory does, therefore, give a general explana-
tion of the phenomena of magnetic induction. The rcnider will be
able by comparison with the experimental data given above to see

how far it falls short of a complete explanation.
If the magnetic substance be devoid of coercive force, we must

suppose that the molecules return to their original positions when
the magnetizing force is removed. In substances capable of being
permanently magnetized, we must imagine something of the nature
of a frictional resistance to the motion of the magnetic molecules

;

so that, when they are deflected through more than a certain angle,
they retain a permanent set after removal of the magnetizing force.

Maxwell has worked out the particular hypothesis that each mole-
cule which is deflected through an angle less than p^ returns When
the magnetizing force ceases to act, but that a molecule deflected
through an angle /3>/3|, retains the deflexion /3-/3„. Denoting
Dsinflo by L, he finds as the result of the above supposition that
the curve.of temporary magnetization is.a straight line from D^O
to ]S = L ; after that it is concave to the axis of Ji, and rises to an
asymptote, the maximum valua of | being mn as before. The curve
<Jf residual magnetization begins when Ji = L ; it Is concave to the
Bxi5 of 15, and rises to an asymptote corresponding to the maximum
g'- Jm!i{l -1- s/l - L=/D'}». It results from the hypothesis that,

when a bar is permanently magnetized by a positive force ^j, its

magnetism cannot be increased by a positive force <|5„ but may
he diminished by a negative force <?S,; and, when the bar is

exactly demagnetized by a negative force Pj, it cannot be mag-
netized in the opposite direction without the a|)plication of a force

'>'Ss< t'yt a positive force <|lj is sufficient to begin to reraagnetize
the bar in the original direction.

Behind the molecular magnet theory there arises the
question, What is the nature of the magnetic molecule'!
One answer to this question is given by the hypothesis of

Ampfere, that around each such molecule a current circulates

in planes perpendicular to the axis of the molecule. That
such an arrangement will be equivalent to ao infinitely small
magnet in the axis of the molecule, so far as external action
is concerned, we know from the laws of electrodynamics.
It remains only to inquire what the nature and properties

.
of these molecular currents must be, to trace the full logical

consequences of the assumption, and to compare them with
experience. This was first done by Weber, and afterwards

more completely by Clerk Maxwell.

It is obvious in the first place that the circuits in which the
molecular currents flow must be perfectly conducting ; for other-

wise the electroklnetlc energy of the molecular currents would
be continually transformed into heat, and a constant supply of
energy from without would be necessary to support the magnetism
of a permanent magnet, which is contrary to expcrRiice. Let A
be the eflective area of a molecular circuit, L its coefiiclent of self-

induction, fl the inclination of its axis to the inducing force '$, y^
the primitive current, and y the current after the inducing force is

in action. Then 7 = 70- J)Acos9/L ; and the comjionent of the

moment parallel to ^ will be A(7o- |5Acose/L)cos». There aro

three different cases to consider.

1. Let either y^ he sb great, or JJA/L be so small, that the effect

due to the electiomagnetic induction may be neglected in compari-

son with the eU'ect due to the deflexion of the molecule
;
putting

>ii~A75, we have thus merely the theory of molecular magnets
already explained.

2. Let the force resisting the turning of the molecules be in- Webster'!

finitely great, we then find for the magnetic susceptibility the value ilieory of

K" - 4)1 A-'/L. This is the theory originally proposed by Weber to .iiamag-
explaiu diamagnetism. iictism.

3. If the eflccts due to deflexion of the mojecules and to electro-

magnetic induction in the molecular circuits be both considered, we
have a theory Intermediate to (1) and (2), inclining to the one or

the other according to the assumi>tions made as to the relative

values of 7„, A, and L.

The reader will IJnd a full discussion of the diflerent cases in

llaxwell's EkclricUy and JIugnclistii, vol. ii. chap. xxii.

The most important attempt that has yet been made to Max-

realize a mechanism affording a dynamical explanation of™*"''

magnetic phenomena is the theory of molecular vortices, "'j,^'

published by Clerk Maxwell in the Philosophical Magazine vortex

for 18G1 and 1862 (4th ser., vols. 21 and 23). The general theoty,

results, stripped of all particular assumptions, will be found

embodied in his great treatise on Electricity and Magnetism;

but the following summary, taken from the original paper,

may be of some interest.

1. Mognetoelectric phenomena are due to the existence of matter

under certain conditions of motion or of pressure in every pait of

the magnetic field. The substance producing these eflbcts may Iw

a certain part of ordinary matter, or it may be an tether associated

with matter.

2. The condition of any part of the field through which lines of

magnetic force pass is one of unequal pressure in different directions,

the pressure being least along the lines of force, so that they may
be considered as lines of tension.

3. This inequality of pressure is due to vortices coaxial with
the lines of force. The density of the revolving matter Is propor-

tional to the magnetic permeability of the medium. The direction

of rotation is related to the direction of the lino of force ; and the
velocity at the circumference of the vortex is proportional io the
resultant magnetic force.

4. The voitlces are separated from each other by a single layer

of round particles ; so that a system of cells is formed, the partitions

being layers of these particles, and the substance of each cell being
capable of rotating as a vortex.

5. The particles forming the layer are in rolling contact with
both the vortices which they separate, but do not rub against each
other. They are perfectly free to roll between the vortices and so to

change their place, provided they keep within one cmnplcU molecule
of the substance ; but in passing from one molecule to another
they experience resistance and generate irregular motions which
constitute heat. These particles play the part of electricity. Their
motion of translation constitutes an electric current ; their rotation

serves to transmit the motion of the vortices from one part of the
field to another ; the tangential pressures thus called into jday
constitute electromotive force ; and the elastic yielding of .thi,

connecting particles constitutes electric displacement.

Maxwell deduces without difficulty all the principal

electrical and magnetic phenomena from! this theory ; and
he points out that its general conclusions have a value

which does not depend upon the Bomewhat intricate

kinematical arrangements supposed to exist in the magnetic

medium. The theory certamly affords us a most instruc-

tive dynamieal picture of the phenomena of electricity and

magnetism ; and it remains, so far as we know, the only

successful attempt of its kind. (c. ch.).
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MAGNETISM, Animal. The terms a)ji»(a/ magnetism,

electro-biology, 7n.es77ierism, daivvoyaitce, odylic or odic force,

and hi/pnoiisjfiha.ve been used to designate peculiar nervous

conditions in whicli the body and mind of an individual were

supposed to be influenced by a mysterious force emanating

from another person. With tlie exception of mesmeri$vi,

a name given to the phenomena in honour of one of

theh earliest investigators, F. A. Mesnier, each of these

terms implies a theory. Thus the phonomenii of animal'

fnagnetism were supposed to be due to some kind of

magnetic force or influence peculiar to living beings and
analogous to the actiiJli of a magnet upou steel or certain

metals : electro-biology, a more modern term, introduced in

1850 by two American lecturers, referred the phenomena
to the action of electrical currents generated in the living

body, and capable of influencing electrically the bodies of

others ; clairvoyance implied a power of mental vision or

of mental hearing, or of a mental production of other

sensations, by which the individual became aware of events

happening in another part of the world from where he was,

or could tell of the existence of objects which could not

affect at the time any of his bodily senses ; odylicforce was

a term given to a force of a mysterious character by which

all the phenomena of animal magnetism might be accounted

for , and hypnotism, from vTrfo%, sleep, was a name applied

to a condition artificially produced in which the person was

apparently asleep and yet acted in obedience to the will of

the operator as regards both motion and sensation.

History.—It was natural that the apparent power of

influencing the bodies and minds of others should attract

much attention and be eagerly sought after for purposes of

gain, or from a love of the marvellous, or for the cure of

diseases. Hence we find that, whilst not a few have
investigated these phenomena in a scientific spirit, more
liave done so as quacks and charlatans who have thrown
discredit on a department of the physiology of man of the

deepest interest. Recently, however, as will be shown iu

this article, physiologists and physicians have set about

investigating the subject in such a manner as to bring it

into the domain of exact science, and to dispel the idea that

the phenomena are due either to any occult force or to super-

natural agency. It would appear that in all ages diseases

were alleged to be aflfected by the touch of the hand of

certain persons, who were supposed to communicate a
healing virtue to the sufferer. It is also known that

among the Chaldaeans, the Babylonians, the Persians, the

Hindus, the Egyptians, the Greeks, and the Romans
many of the priests effected cures, or threw people into

deep sleeps in the shades of the temples, during which the

sleeper sometimes had prophetic dreams, and that they
otherwise produced e8"ects like thoso now referred to

animal magnetism. Such influcncBS were held to bo
supernatural, and no doubt they gave power to the priest-

hood. In 'the middle of the 17th century there appeared
in England several persons who said they had the power
of curing diseases by stroking with the hand. Notable
amongst these was Valentino Greatrakes, of Afl"ano, in the

county of Waterford, Ireland, who was born in Februaiy
1628, and who attracted great attention in England by
liis supposed power of curing tho king's evil, or scrofula.

Many of the most distinguished scientific and theological

men of the day, auch as Robert Boyle and R. Cudworlh,
witnessed and attested the cures supposed to be efl'octed

by Greatrakes, and thousands of suff"erers crowded to him
from all parts of the kingdom (soo Colquhoun's History of
Magic, ikc, vol ii. p. 140).

Phenomena of a marvellous kind, more especially such
as imply a mysterious or supernatural power exercised by
one person over another, not only attract attention, but
take so firm a hold on thi; imagination that belief in

them breaks out now and again with all tlie intensity of
an epidemic. Thus since the time of Greatrakes, at short
intervals, men have arisen who have led the public captive
at their will. About the middle of the 18th century John
Joseph Gassner, a Roman Catholic priest in Swabia, took
up the notion that the majority of diseases arose from
demoniacal possession, and could only be cured by exorcism.
His method v/as undoubtedly similar to that followed bjj

Mesmer and others, and he had an extraordinary influence
over the nervous systems of his patients. Gassner, how-
ever, believed his power to be altogether supernatural and
connected with religion.

Friedrich (or Franz) Anton Mesmer was born at "Weil,

near the point at which the Rhine leaves the Lake of Con-
stance, on May 23, 1733. He studied medicine at Vienna
under the eminent masters of that day, Van Swieten and De
Haen, took a degree, and commenced practice. Interested
in astrology, he imagined that the stars exerted an influ-

ence on beings living on the earth. He identified the sup-
posed force first with electricity, and then with magnetism

;

and it was but a short step to suppose that stroking
diseased bodies with magnets might efl"ect a cure. He
published his first work {De Planetarum Influxu) in 17G6.
Ten years later, on meetiLg with Gassner in Switzerland,
he observed that the priest eS'ected cures without the use
of magnets, by manipulation alone. This led Mesmer to
discard the magnets, and to suppose that some kind of
occult force resided in himself by which he could influence
others. He held that this force permeated the universe,
and more especially affected the nervous systems of men.
He removed to Paris in 1778, and in a short time the
French capital was thrown into a state of great excitement
by the marvellous effects of mesmerism. Mesmer soon
made many converts ; controversies arose ; he excited the
indignation of the medical faculty of Paris, who stigmatized
him as a charlatan ; still the people crowded to him. He
refused an ofi'er of 20,000 francs from the Government for

the disclosure of his secret, but it is asserted that he really
told all he knew privately to any one for 100 louis. He
received private rewards of large sums of money. Appreciat-
ing the efi'ect of mysterious surroundings on the imagina-
tions of his patients, he had his consulting apartments
dimly lighted and hung with mirrors ; strains of soft music
occasionally broke the profound silence ; odours were
wafted through the room; and the patients sat round a kind
of vat in which various chemical ingredients were concocted
or simmered over a fire. Holding each others' hands, or
joined by cords, the patients sat in expectancy, and then
Mesmer, clothed in the dress of a magician, glided amongst
them, afi'ecting this one by a touch, another by a look, and
making "passes" with his hand towards a third. The
eff"ects were various, but all were held to be salutary.

Nervous ladies became hysterical or fainted ; some men
became convulsed, or were seized with palpitations of the
heart or other bodily disturbances. The Government
appointed a commission of physicians and members of the
Academy of Sciences to investigate these phenomena;
Franklin and Baillie were! members of this commission,
and drew up an elaborate report admitting many of the

facts, but contesting Mesmer's theory that there was an
agent called animal magnetism, and attributing the efi'ects

to physiological causes. Mesmer himself was undoubtedly
a mystic; and, although the excitement of the time led him
to indulge in mummery and sensational efi'ects, he was
honest in tho belief that the phenomena produced were
real, and called for further investigation. For a time,

however, animal magnetism fell into disrepute ; it became
a system if downright jugglery, and Mesmer himself was
denounced as a shallow empiric and impostor. He with-
drew from Paris, and died at Meersburg in Switzerland
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OQ 5th March 1815. Ho left many disciples, the most

distinguished of whom was the Murquis da Puysegur.

This uoblemati revolutionized the art of mesmerism by

showing that many of the phenomena might be produced

by gentle manipulation causing sleep, and without the

mysterious surroundings and violent means resorted to by

Mesmer. The gentler method was followed successfully

by Deleuz?, Bcrtrand, Georget, Rostan, and Foissac in

France, and by Dr John Elliotson in England up to about

1830.

In 1845 considerable attention was drawn to tlie an-

nouncement by Baron von Reichenbach of a so-called now
"imponderable" or "influence" developed by certain

crystals, magnets, the human body, associated with heat,

chemical action, or electricity, and existing throughout the

universe, to which he gave the name of odyl. Persons

sensitive to odyl saw luminbus phenomena near the poles

of m.ignets, or even around the hands or heads of certain

persons in whose bodies the force was supposed to be

concentrated. In Britain an impetus was given to

this view of the subject by the translation in 1850 of

Reichenbach's liesearches on Magnetism, i-c, in relation to

Vital Fone, by Dr Gregory, professor of chemistry in the

university of Edinburgh. These Researches show many of

the phenomena to be of the same nature as those described

previously by Mesmer, and even long before Mesmer's

time by Swedenborg. The idea that some such force

exists has been a favourite speculation of scientific men
having a mental bias to mysticism, and it makes its

appearance not unfrequently.

The next great step in the investigation of these

phenomena was made by James Braid, a surgeon in

Manchester, who in 18tl began the- study of the preten-

sions of animal magnetism or mesmerism, in his .own

words, as a " complete sceptic " regarding all the
phenomena. This led him to the discovery that he could

artificially produce "a peculiar condition of the nervous
system, induced by a fixed and abstracted attention of the

mental and visual eye on one object, not of an exciting

nature." To this condition ho gave the name of neuro-

hypnotism (from vevpov, nerve, vvrvos, sleep) ; for the sake

of brevity, neuro was suppressed, and the term hypnotism
came into general use. Braid read a paper at a meeting
of the British Association in Manchester on 29th June 1 842,
entitled Practical Essay on t/ie Curative Agency of A'^eio-o-

Hypnotism ; and his work Neurypnology, or the Rationale of
Nervous Sleep considered in relation with A ninial Magnetism,
illustrated hy numerous cases of its successful application in

the relief and cure of disease, was published in 1843. It

is necessary to point this out, as certain recent Continental
writers have obtained many of Braid's results by following

his methods, and have not adequately recognized the value

of the work done by him forty 'years ago. Braid was
undoubtedly the first to investigate the subject in a
scientific way, and to attempt to give a physiological

explanation. In this he was much aided by the phj'siologist

Herbert Mayo, and also by Dr William B. Carpenter,—the
latter being the first to recognize the value of Braid's re-

searches as bearing on the theory of the reflex action of

the ganglia at the base of the brain and of the cerebrum
itself, with which Carpenter's own name is associated.

Recently the subject his been reinvestigated by
Professor Weinhold of Chemnitz, and more particularly by
Dr. Rudolf Heidenhain, professor of physiology in the
univeriity of Breslau, who has published a small but
interesting work on animal magnetism. In this work
Heidenhain attempts to explain most of the plienomzna
by the physiological doctrine of inhibitory nervous action,

as will be shown hereafter.

Phenomota and Physiological Explanation.—The usual

method of inducing the mesmeric or hypnotic state is to
cause tlie person operated on to stare fixedly at a faceted
or glittering piece of glass held at from 8 to 15 inches
from tho eyes, in such a position above the forehead as
will strain tho eyes and eyelids. The operator may stand
behind tho patient, and he will observe that the pupils are at
first contracted from the effort of accommodation of each
eye for near vision on the object; in a short time the
pupils begin to relax, and then the operator makes a few
" passes " over the face without touching it. The eyelids
then close; or the operator may gently close them with the
tips of the fingers, at the same time very gently stroking
the cheeks. Often a vibratory motion of the eyelids may
be observed when they are closed, or there may be slight

spasm of the eyelids. The eyes may afterwards become
widely opened. The patient is now in a sleep-like condi-
tion, and the limbs often remain in almost any position in

which the operator may place them, as in a cataleptic con-

dition. At the same time the patient may now be caused
to make movements in obedience to the commands of the

operator, and to act according to ideas suggested to him.

Thus, ho may eat a raw onion with gusto, apparently

under the impression that it is an apple ; he may make
wry faces on drinking a glass of water when told that what
he is taking is castor oil ; he may ride on a chair or stool

as in a horse race ; he may fight with imaginary enemies,

or show tokens of aB'ection to imaginary friends ; in short,

all kinds of actions, even of a ridiculous and a degrading

nature, may be done by the patient at the command of the

operator. Another class of phenomena consists in tho

production of stiffness or rigidity of certain muscles or

groups of muscles, or even of the whole body. For

example, on stroking the fore arm it may become rigid in

the prone or supine condition ; the knee may be strongly

bent, with the muscles in a state of spasm ; the muscles of

the trunk may become so rigid as to allow the body to rest

like a log, head and heels on two chairs, so stiff and rigid

as to bear the weight of the operator sitting upon it ; or

various cataleptic conditions may be induced and as readily

removed by a few passes of the hand. Many disorders of

sensation have been observed, such as defective colour

perception, the hearing of special sounds which have no
objective existence, or deafness to certain tones, or perverted

sensations, such as tingling, prickling, rubbing, &c.,

referred to the skin. The patient may remain in this

condition for an hour or more, and may then be roused

by holding him for a few minutes and blowing gently into

the eyes. Usually the patient has a vague recollection,

like that of a disturbed dream, but sometimes there is an
acute remembrance of all that has happened, and even a

feeling of pain at having been compelled to do ridiculous

actions. Certain persons are more readily hypnotized than

others, and it has been observed that, once the condition

has been successfully induced, it can be moi;e easily induced

a second time, a third time more easily than a second, and
so on until the patient may be so pliant to the will of the

operator that a fixed look, or a wave of the hand, may
throw him at once into the condition. Such are the

general facts in artificially induced hypnotism, and they

belong to the same class as those referred to animal

magnetism, electro-biologicil effects, odylic influences, <fec.,

according to the whim or theory of the operator.

It is not surprising that such phenomena have been the

cause of much wonder and the basis of many superstitions.

Some have supposed that they were supernatural, others

that they indicated the existence of a specific force exerted

by the experimenter upon the passive subject. Many
operators have no doubt believed they possessed such a

force ; such a belief would not affect the success of their

experiments except to make them more likely to b<>



ANIMAL MAG^^£TI8M.] MAGNETISM 279

successful, as the operator would readily comply with all

the conditioDS ; but most of these phenomena can be

explained physiologically, and those which cannot be so

accounted for will remain hidden until <ve get further light

on the physiology of the nervous system.

The sytaptoms of the hypnotic state, as shown by
Heidenhain, may be grouped under four heads :— (1) those

referable to conditions of the sensorium or portion of the

brain which receives nervous impulses, resulting in move-

ments of a reflex and imitative character
; (2) insensibility

to pain, and various forms of perverted sensation
; (3)

increased irritability of the portion of the nervous system

devoted to reflex actions ; and (4) states of the nervous

centres controlling the movements of the eye, the accom-

modation of the eye to objects at various distances, and the

movements of respiration, &c.

1. T/ie Slate of the Sensorium.—By the sensorium is

meant that portion of the nervous system which receives

impulses from the nerves coming from the organs of sense,

such as those from the eye, ear, nose, tongue, and skin.

Each of these nerves' brings its message to a portion of the

central nervous system in intimate connexion with the rest

of the nervous system. This message may possiblj« arouse

nervous actions associated with consciousness, or it may
not ; or the nervous actions of consciousness may be so

transient as to leave a faint impress on the memory, so

that it can be revived only if no great interval has elapsed

since the impression was made on the sense organ. If,

however, the impression be vivid, then it may be revived

long afterwards. This impression may be consciously

perceived, and then any apparent effect may end ; but it

may set up a set of actions, resulting in motion, which are

apparently of a reflex character. Thus, suppose a person

in the dark ; light is suddenly brought before the eye
;

this afl'ects the retina, and through the changes in it the

optic nerve and central organ ; there may be consciousness

or there may not ; if the person be wide awake he will see

the light; if he be asleep he will not see it, at all events

he will give no indication of seeing it ; on awaking, he

may have a recollection of a dream in which light has

A place, or his memory may be blank ; but nevertheless

the light will cause the pupil of the eye to contract by
reflex action without his consciousness ; and perhaps, also,

without consciousness, the sleeping person may make an

eflFort to avoid the light, as has been noticed in the case of

somnambulists.

Now, when a patient has oeeu thrown into a weak
hypnotic state, there may be a vivid recollection on awaking

of all that happened during the apparput sleep. This

implies, of course, that conscious sensory perceptions took

place during the condition. Memory depends on the

direction of the attention to sensations. If the effort of

attention bo strong, the recoUestion will probably be vivid,

and the converse is true. But this does not preclude the

supposition that sensory perceptions may come and go, like

the shadows of clouds on a landscape, without any attempts

at fixing them, and consequently with no recollection

following their occurrence. The sensory perceptions may
have existed for so short a time as to leave no impress

behind. This may explain how it is that in the deeper

forms of hypnotism there is either no recollection of what
occurred or the recollection can only be aroused by hints

and leading questions. Attention is necessary, therefore,

to form a conscious idea arising out of a sensation.

It is generally admitted by physiologists that the

cerebral hemispheres are the seat of the higher mental

operations, such as attention, ifcc, although the interdepend-

ence of these hemispheres with the lower sensory ganglia,

which receive all sensory impressions in the first instance,

and with motor ganglia, which are, in like manner, the

startingpomts of motor impulses, is not understood. The
one portion of the nervous system may work without the

other. Thus, during free cerfebral activity we pay little

attention to what we see or hear, and consequently we
remember nothing. A man in a reverie may have many
impressions of sight or of hearing of which he has been

really unconscious. On the other hand, the cerebral

apparatus may be so attuned with the recipient portion

that if the latter receives a message the former .sympa-

thetically responds. For example, a mother sound .-xsleeii

is disturbed by the slightest cry of her child, although

loud sounds of other kinds may not awake her.

It would appear then that impressions on the senses

and the consciousness of impressions are two separate states

which may occur in a manner independently ; that is to say,

there may be purely sensory operations, in which conscious-

ness is not involved, or there may be the conscious repetition

of old impressions, or what is called memory. Now it is

a law of nervous action that processes which at first are

always of a conscious kind may by repetition become so

habitual as to be performed without consciousness. Thus
a child learns to perform a piece of music on the pianoforte

by conscious efforts, often of a painful kind ; each note has

to be recognized, and the appropriate muscular movements
required for its production on the instrument executed

with precision and delicacy ; but by and by the music may
be performed accurately even while the attention is directed

to something else. In like manner, all movements which

are the results of sensory impressions may become

unconscious movements ; the sensory impressions are at

first paid attention to ; but as they become habitual the

mind becomes less and less engaged in the process, until

the movements resulting from them are practically

unconscious. A familiar illustration is that of a man
in deep reverie walking along a street. Immersed in

thought, he pays little or no attention to passers by ; as

his eyes are open, their images, or those of adjacent

objects, must affect his visual apparatus, but they arouse

no conscious impression, and still those impressions,

evanescent as they are, are sufficient to excite the

appropriate movements of locomotion. These movements

are in all respects like voluntary movements, but they are

not really voluntary, showing that, by the machinery of

the nervous system, movements like voluntary movements

may be executed without, volition. It is important to

observe, however, that these movements are the result of

sensory impressions. A man in the deepest reverie, with

his eyes blindfolded, could not execute the requisite

movements ; and when we see the blind walking 'n the

streets, they afford no contradiction to this view, as their

minds are busily engaged in noticing another set of sensory

impressions derived from the sense of touch, muscular

movement, and hearing, a set of impressions of the

greatest importance to them, although of little importance

comparatively to ordinary oeople, who' are guided chiefly

by visual impressions.

A person in a state of hypnotism may be regarded

as in a condition in which the patt of the nervous

apparatus associated with conscious perception is thrown

out of gear, without preventing tho kind of movements

which would result were it really in action. Impres-

sions are made on the sensory organs ; the sensory nerves

convey the impression to a part of the brain ; in the

deepest condition of hypnotism these impressions may not

arouse any consciousness, but the result may be the kind of

movement which Would naturally follow supposing the

person had been conscious. The movements made by the

hypnotic are chiefly those of an imitative kind. It has

often been noticed that the mere suggestion of the move-

ment may not be enough to excite it ; to secure success,
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tlie movement must be mido before tlieeyes of the person.

For example, it is a common part of the exhibition of such

J)ersons for the operator to clench his fist ; the patient at

once clenches his ; the operator blows his nose ; the patient

does likewise ; but if the operator performs these actions

behind the back of- his patient tiie chances are that tlie

l)atient will not repeat the movements.

The condition seems to be one in which the sensory

impression leads to no conscious perception and to no
volunt;iry movement, but is quite sufficient to arouse those

nervous and muscular mechanisms which lead to uncon-

scious imitation. The patient is in a sense nn automaton
played upon by the operator through the medium of the

l>aticnt's sensory organs. It is important to observe that

in deep hypnotism the patient has no idea corresponding

to the movements he makes in obedience to the example
of the operator. .For example, suppose he is swallowing a

glass of water and the operator tells him it is castor oil, at

the same time making the requisite grimaces, the patient

will imitate these grimaces without having any idea either

of water or of castor oil. The grimaces are purely
imitative, without any connexion with the idea which
would naturally excite them. This is the case only with
thoBO deeply hypnotized. In some cases, however, the

hypnotism is so deep as to resemble coma, and in these

there is no trace of any sensory impressions or of move-
msuts. In cases where the hypnotism is slight, there may
be a curious mixture of effects. Here the patient may be
partially conscious of the requests made to him, and of the

imitative movements executed before his eyes ; to some
extent he may resist the commands of the operator, he

may feci he is being fooled, and yet he may perform many
ridiculous actions; and when he awakes he may have a

nivid recollection of the et'onts in which he participated.

A hypnotized person, in fact, is in a state similar to that

of the somnambulist, who acts the movements of a dis-

turbed dream. , There are many degrees of the sleeping

ptate, from the profound condition resembling coma to that

of the light sleeper who starts with every sound. Iij some
"pleeps there are dreams in which the sleeper is so occupied

?»'ith the phantoms of thought as to pay no attention to

external impressions, unless these be sufficiently powerful

to awake him, whilst there are other sleeps in which the

bo.iipdary between the conscious reception of new impres-

fcionS and the reproduction of old ones is bo thin as to

permit of a blending of the two. In this kind of sleep, a

spoken word, a familiar touch, the suggestion of something

in keeping with the thoughts of the dreamer, are sufficient

to change the current of the dream, and even to excite

paove.jents. When the ideas of the dreamer cause

movements corresponding to these ideas, tnen the dreamer

"becomes a somnambulist. He acts the dream ; according to

the depth of the semi-conscious state will be his capacity

for responding to external impressions. Some somnambu-
lists respond to external suggestions readily, others do
not ; and in all there is almost invariably no recollection of

the state. Artificial hypnotism is a condition of the same
kind, though usually not so profound.

The question now arises as to how tbii artificial 8tat»

nay be induced. In one awake and active, all sensory

ampressions as a rule are quick, evanescent, and constantly

renewed. New successions of images and thoughts pass

rapidly before the mind during walking, working, eating,

or in the leisure hours of social life; but none last so long

as to cause fatigue of any particular part of the body. By
end by there is a general feeling of fatigue, and then sleep

Ss needed to restore exhausted nature. But if the attention

be fixed on one set of sensory impressions, fatigue is mucli

sooner experienced than if the impressions are various in

kind and degree. Thus one or two hours spent at a

picbiTO gallery or at a concert, if the attention be aevoted
to the impressions on the eye or ear, usually cause fatigue.

It would appear that the method of exciting hypnotism by-

causing the patient to gaze at a bit of glass or a bright

button depends in the first place on the feeling of fatigue

induced. At first there is a dazzling feeling; then the
eyes become moist-; images become blurred and iudistinct,

and seem to swim in the field of vision ; the field of vision

becomes unsteady, and just about this period ideas do not
pass in the mind in orderly sequence, but irregularly, as in

the few minutes immediately before passing into sleep.

At this stage also the pupils become widely dilated, and
the eyeballs become more prominent than usual. The
innervation of the iris must be understood, so as to

appreciate the physiological meaning of these changes.

The muscular structure of the iris is 'supplied by two
nerves, the third cranial nerve and the sympathetic nerve.

If the third nerve be cut the pupil dilates; if the distal

end of the nerve be irritated the pupil contracts. On the

oilier hand, if the sympathetic nerve be cut the' pupil

contracts, whilst if the distal end be irritated the pupil

dilates. These experimental facts show that the radiating

fibres of the iris which dilate the pupil are .under the

control of the sympathetic nerre, whilst the circular fibres

which contract the pupil are supplied by the third.

Further it can be shown that the corpora quadrigemina;
two ganglionic masses in the brain, are the reflex centres

for the regulation of these movements. The optic nerve
from the retina supplies the sensory stimulus which causes

the pupil to contract. Thus, suppose light to be brought
before the eye while the pupil is dilated ; the retina is

afl'ected, a stimulus is sent to the corpora quadrigemina
along the fibres of the optic nerve, and from the corpora

quadrigemina a nervous influence passes along the fibres of

the third nerve to the circular fibres of the iris, causing

the pupil to contract. It is also very probable that the

corpora quadrigemina act as reflex centres for nervous

impulses regulating the calibre of the blood-vessels of the

eye, the vaso-motor nerves. If we apply these facts to the

case of a hypnotized person, we find that (1) the pupil of a
hypnotized person contracts energetically when light falls

upon the eye, showing that the reflex mechanism is still

intact; (2) just before the hypnotic state is induced the

pupil dilates, indicating feeble nervous impulses passing

along the third from the corpora quadrigenSina; (3) at

first, the eyeballs seem to sink in, but when hypnotism is

complete they project in a manner similar to what has

been observed in an animal when the arteries supplying

the head have been compressed so as to make the brain

ansemic or bloodless; and (4) the ophthalmoscope has

not shown any change in the calibre of the blood-vessels

of the retina in the hypnotic state. From a consideration

of these facts and inferences Heidenhain was at first

inclined to believe that hypnotism might be due to a reflex

influence on the vessels of the brain, causing them to

contract so ns to permit the passage of only a small

quantity of blood, and make the brain anaemic. This

view, however, had to be abandoned, as the faces of

hypnotized persons are usually red, and not pale, as they

would be were the arterioles contracted. Further, Heiden-

hain performed a crucial experiment by giving to his

brother nitrite of arayl, which causes dilatation of the

vessels by vasomotor paralysis, when hsi still found

hypnotism could be readily induced, showing that the state

was not caused by deficient blood supply.

Heidenhain has advanced another and more probable

hypothesis. During the past twenty years a new mode
of nervous action, known as inhibitory action, has been

discovered by physiologists. A good example is supplied

by the innervation of the heart - This organ has nervou)
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ganglia ia its substance by wliiuh its rhythmic contractions

are maintained. Further it is supplied by the vagus :t

pneumogastric nerve and by the sympathetic. Section of

the vagus is followed by quickening of the heart's action,

and Btimulation of the lower end causes slowing and, if

the stimulation bo strong enough, stoppage of the heart,

not, however, in a tetanic state (which would be the case

if the fibres of the vagus acted directly on the muscular

structure of the heart, as a motor nerve), buf in a state of

complete relaxation or diastole. Opposite results follow

section and stimulation of tho sympathetic fibres. It has

been clearly mado out that tho terminal fibres of both

nerves do not act on muscular fibres but on ganglion cells,

those of the vagus '"inhibiting" or restraining, whilst

those of tho sympathetic "accelerate" the action of the

cells. Inhibition is now known to play an important part

in all nervous actions, and it would seem that any power-

ful impression in a sensory nerve may inhibit or restrain

motion. This is strikingly seen in some of the lower

animals. A ligature applied loosely round the thigh of a

frog whilst it lies on its back apparently deprives it of all

power of motion. The weak sensory stimulation in this

case seems to stop voluntary motion. Pressure on the

internal organs of such animals as the rabbit, although

gentle, sometimes causes paralysis of the lower or hinder

limbs. Again, it has been ascertained that, whilst the

spinal cord is the chief reflex centre, the reflex activity can

be inhibited by impulses transmitted to it from portions of

the cerebral hemispheres" which are in a state of high

activity. It would appear then that, if we suppose one set

of sensory or recipient cells in the brain to be ijrought into

a state of exalted irritability by the preliminary operations

of hypnotism, the result might be inhibition of the parts

devoted to voluntary movement. In like manner, the

activity of sensory nerve cells may become inhibited.

Thus stimulation of a certain cutaneous area, say the arm,

by a mustard plaster, has been found to lower the sensi-

bility of the corresponding portion of skin on the opposite

arm. The theory then offered is that " the cause of the

phenomena of hypnotism lies in the inhibition of the

activity of tho ganglioa-cells of the cerebral cortex, . . .

the inhibition being brought about by gentle prolonged

stimulation of the sensory nerves of the face, or of the

auditory or optic nerve."

According to this view, the portion of the brain devoted

to voluntary movements is as it were thrown out of gear,

and the movements that follow, in the hypnotic state, are

involuntary, and depend on impressions made on the senses

of the patient. To understand how this is possible, we
must now consider shortly some of the views presently

hold as to the action of the brain. The researches of

Hitzig, Fritsch, Ferrier, Hughlings Jackson, and many
others indicate that certain movements initiated as a

consequence of perception, and of the ideas thereby called

forth, are due to nervous actions in the grey matter in

certain areas /in the surface of the cerebral hemispheres,

and that there is another class of movements which do not

require the agency of the cortex of the brain, but depend
on tho activity of deeper centres. These deeper centres

are tho optic thalami, which receive sensory impressions

from all parts of the skin ; the corpora quadrigemina,

which receive luminous impressions from Iho retina; and
the corpora striata, which arc the motor centres whence
emanate influences passing to the various groups of

muscles. No doubt other sensory centres exist for

hearing,' ta.ste, and smell, but these have not been clearly

ascertained.^ In tho case of conscious and voluntary

movements carried out as the result of external impres-

sions, tho excitation would pass first to the thalami optici

Oactile) or corpora quadrigemina (visual), thence to the

15- -12*

cereoral hemispheres, where ideas would ba cal!ed forth

and volitional impulses generated ; these would then ba

transmitted downwards through the corpora striata (motor)

to the crura cerebri and spinal cord, and from thence to

special groups of muscles, thus causing specific movements.

Suppose now that the portions of cerebral hemispheres

connected with ideation and volition were thrown out of

gear, and that a similar sensory impression was mado on

the person ; again tho path of nervous impulses would be to

the thalami optici (tactile) or corpora quadrigemina (visual),

and from thence "directly through corpora striata (motoi-) to

crura cerebri and spinal cord, then passing out to muscles,

and causing movements as precise as those in the first in-

stance, and apparently of tho same character. Tho difi'erenco

between the two operations, however, would be this :—in the

first there would be movements following perception, idea-

tion, and volition ; in the second the same class of move-

ments would be efifected by anautomatic mechanism without

any of the psychicaloperations above alluded to. This theory

has the merit of simplicity, and is in accordance with most

of the facts. The chief difficulty in the way of accepting

it is to understand why, if hypnotism be so induced, it is

not induced- much oftener. One would suppose that, if

gazing at a coin and having a few passes made with the

hand were sufiicient to bring about physiological changes

of such importance, men would be oftener hypnotized in

daily life than they are. But it is to be remembered that

attention is seldom fixed on one object so long as in the

experiment of producing hypnotism. The first occasion

tho experiment is made, even with so-called susceptible

persons, the time occupied may be from 10 to 20 minutes,

and during all that time the attention is on the strain, and
feelings of fatigue are excited in the way above described.

Again it is well known that sudden and strong sensory

impressions often paralyse voluntary action for a time,

even in ordinary life, and what is called "presence of

mind " really means that power of self-control which

prevents the bodily energies being paralysed by strong

sensory impressions. A carriage bearing down on a

nervous lady in a crowded street may deprive her of all

power of movement, or she may automatically run here or

there in obedience to the shouts of tho bystanders.; but

one with coolness can thread her way among the vehicles

without fear or trouble.

A hypnotized person is therefore to be regarded as an

automaton. " To cause him to move his arm, the image of

a moving arm must pass over his retina, or an unconscious

sensation of motion must be induced *^hrough passive

movement of his arm."

2. Insensibility to Pain.—It has often been noticed

that in the mesmerized or hypnotized person there may be

complete insensibility to pain, so that deep pricks with a

needle are not felt. During deep hypnotism a pin may
bo run into the hand without pain, but pain will be felt

on awaking, and pulling out tho pin in the waking state

will cause acute pain. It would appear that certain nerves

may convey tactile sensibility whilst others convey only

painful impressions, and in certain forms of paralysis tho

patient may have tactile sensibility without pain, or tho

reverse. In hysterical women, as has been shown by
Charcot and others, disorders of sensibility of this kind

aro not uncommon, indicating changes in the nervous

centres.

3. Increased Reflex Spasm of Muscles.—One of the most
striking phenomena of the hypnotic state is tho case with

which certain voluntary muscles may be rendered stiff.

For example, if the operator stroke tho skin over the biceps

nni3cle in the upper arm, the limb will be at once power-

fully flexed, and the biceps <!an bo felt stiff And rigid. To
understand the physiological explanation offered of this
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l.Lenomenon it will be necessary snortly to describe the

mechanism of reflex acts. If a sensory nerve be irritated,

at lt3 peiiphery, say in the skin, a nervous impulse is trans-

mitted to a central nervous organ, such as the spinal cord,

and through the agency of nerve cells in this organ

impulses are then transmitted by motor nerves to muscles,

causing movements, without any operation of the will.

Thus a particle of food getting into the larynx irritates

sensory nerves of the vagus, and there is a retlex spasm of

various muscles of e.\piration, causing a violent cough.

That such refle.^ acts not only can occur without the will,

but in spite of it, is shown by the want of control over a

sneeze when the nostril is irritated by snuff. Now these

reflex centres in the cord are partially under the control of

higher centres in the brain. If the agency of" the latter be

removed, the activity of the cord-centres is increased, and

reflex actions are more easily induced. This we have

assumed to be the state of the hypnotic. If a portion of

his skin be stroked, first one muscle, say the one imme-

diately under the skin stroked, will become stiff, then in

obedience to a law regulating reflex actions,—namely, that

they tend to become diflfused according to the strength and

duration of the stimulus,—other muscles become rigid, and

so on until the whole trunk becomes cataleptic. This

phenomenon is so well described by Heidenhain that we

quote as follows (pp. 23, 24) :

—

" With slight increase of rtflex irritahility, those muscles alone

rontract which lie immediately under the area of skin which has

been stroked. lu this condition it is e.isy to brin" single muscles

nnd groups of muscles into isolated action, and tlius demonstvate

their special motor function. Stroking the ball of the thumb causes

adduction of the thumb (towards the palm). Stimulating the skin

over the sterno-niastoid causes the head to assume the well-known

oblitiue position which it has when one has got a "stitfneck";

stroking tlie skin at one corner of the mouth leads to distortion of

the mouth oa that side, dwing to the contraction of the muscles

inserted tliere. When the in-itability is somewhat more increased,

wc are able, by continuous irritation of a defined group of skin, to

set in activity neighbouring and distant groups of muscle, according

to the degiee of initatioo. Thus, when I gently stroke the ball of

the thumb, only the flexors and the adduitors of this member are

s.:t in activity. If I stroke somewljat harder, the forearm muscles,

especially the flexors of the fingers, contract. Our patient can,

however, still bend and stretch his arm at the elbow, the upper arm

muscles being still unafl'ectcd. Tlirough farther increase of the

irritation, the latter too and the shoulder muscles are thrown into

Kpasm, so that the whole limb appears immov.ably fixed. But the

highest degit-e of rcfiex irritability is not yet attained, llr A.

Heidenhain sits quietly here on a chair. I now once stroke the

ball of his left thumb. Please observe the exact succession in

wliich the spasm slowly spreads from one part of the body to the

other. You will sec the following muscle groups successively

nITectcd, some seconds intervening in the passage from one group to

another :—left thumb, left hand, left forearm, left upper arm and

shoulder, right shoulder and arm, right forearm, right hand, left

Kg, left thigh, right thigh, right leg, muscles of mastication,

muscles of the neck. But now I must put an end to it. I strike

forcibly the left arm, and the rigor at once disappears. Instant

relaxation of the whole body occurs also when I forcibly extend a.

finger of the clenched fist. Probably the rellex excitement would

extend still farther, but I naturally consider it out of the question

to try whether. the muscles of respiration would become affected.

It is easily understood that such experiments require the gi-catest

caution,. and may be very seldom carried out."

This condition of the muscles is exactly like that in

eatalci)ay, a peculiar nervous disease ; and hypnotism may

be regarded as an artificial catalepsy.

4. Other I'eculiar Kei-votts Phenomena of the Hypnotic

Stall:.—The changes in the eyes have been already alluded

to. The pupils dilate, the eyelids open widely, and the

eyeballs protrude. Occasionally the upper eyelid droops,

so that the eyelids seem closed. It has often been asserted

that clairvoyants see with the eyelids closed, but they are

really partially open. The movements of respiration are

often quickened from 16 to 30 or 35 per minute, indicat-

ing stimulation of the respiratory centres in the medulla

oblongata. Sometimes the flow of saliva is increas'ed.

Hallucinations of sense may occur, though they are rare.

One man in the hypnotic state experienced a strong odour

of violets.

There is a class of phenomena referrea to the hypnotic

state of a very doubtful character, inasmuch as we have

to depend entirely on the statements of the person oiierated

on, and no objective tests can be employed. Such, for

example, are variors disturbances of seu.'^ation, hearing

with the pit of the stomach more acutely than when the

sound is made in the usual ways towards the ear. and the

application of the hand of the operator to the body giving

rise to profound sleep or dreams, induced dreaming, ifec.

Again it is asserted bj- Heidenhain and Griitzner {Breslauer

Aerzll. Zeitsrh., No. 4, 28th February 1880) that unilateral

hypnosis is possible. Thus stroking the left forehead and

temple caused immobility of the right arm and leg.

"Stroking on both sides causes catalepsy of all four limbs; no

facial paralysis or aphasia. Unilateral stroking causes crossed

catalepsy and facial jiaralysis, accompanied when on the left by

aphasia. If in addition to unilateral stroking, and this being still

maintained, the other side be stroked, then the same result it

brought about as if boih sides had beeu stroked from the begin

ning. . . . Measurement of the volume of the arm by means cf

Mosso's volumeter [an instrument for estimating the bulk of the

limb by displacement of water and movements of a recording lever]

proves that in the cataleptic arm the quantity of blood (in con-

sequence of the vascular contraction) sinks enormously, whilst it

simultaneously rises in the other arm. When the catalepsy is gone

by, the quantity of blood in the cataleptic arm increases, whilst in

the other arm it sinks" (Heidenhain, p. 91).

Charcot has pointed out that in certain kinds of hysteria

in -women there are remarkable unilateral disturbances

or perversions of sensory impressions of colour. Bheno-

inena of the same kind have been observed by Cohn,

Heidenhain, and others in hypnotized persons. Thus A.

Heidenhain became completely colour blind in the eye of

the cataleptic side. All colours appeared grey in different

degrees of brightness, from a ditty dark grey to a clear

silver grey.

"If one eye be treated with atropin, whilst the eflect of the

latter is making its appearance, the phenomena of colour blindness

are changed as foUosvs :—red and green still appear as different

shades of grey ; blue and yellow, on the other hand, do not appear

grey. They appear diiferently in the different stages of atropin

action -.—first stage, yellow appears grey, with a glimmer of blue:

second sta<jc, yellow appears pure blue; third stage, yellow ftppean

blue with a slight tinge of yellow, somewhat as in the so-called

struogle of the fields of vision,—yellow is seen, as it were, through

a bhie mist ;
fourth stage, yellow appears mostly yellow, mth

a tin'-e of blue. When blue is tried, the correspondmg result is

obtained ; that is, at last blue with a slight yellow tinge is -seen.

During the action of atropin the sensation of yellow or blue passes

' from grey through the contrast colour to the right colour, whilst

red and green only appear as different shades of grey " (Heiden-

hain, p. 95).

Those facts are interesting as snowing perverted sensa-

tion in the particular individual affected, but they throw

no light on the condition of hypnotism.

It is evident then that animal magnetism or hypnotism

is a peculiar physiological condition excited by perverted

action of certain parts of the cerebral nervous organs, and

that it is not caused by any occult force emanating from

the operator. WhUst all the phenomena cannot be ac-

counted for, owing to the imperfect knowledge we possess

of the functions of the brain and cord, enough has beet)

stated to show that just in proportion as our knowledge

has increased has it been possible to give a rational

explanation of some of the phenomena. It is also clear

that the perverted condition of the nervous apparatus in

hypnotism is of a serious character, and therefore that theee

experiments should not be performed by ignorant empirics

for the sake of gain, or with the view of causing amuse-

ment. Nervous persons may be seriously injured by being

subjected to such experiments, more especially if they

undergo them repeatedly; and it should be illegal to
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Lave public exhibitions of the kind alluded to. The
medical profession has always been rightly jealous of the

employment of hypnotism in the treatment of disease,

lx)th from fear of the ellects of such operations on the

nervous systems of excitable people, and because such

practice is in the border land of quackery and of imposture.

Still in the hands of skilful men there is no reason why
the proper employment of a method influencing the nervous

system so powerfuUji as hypnotism should not be tlio

means of relieving pain or of remedying disease.
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MAGNOLIA, L., the typical genus of the order

ifacjnoliaccx, named from Pierre Magnol, professor of

medicine and botany at Montpellier. It contains about
fourteen species, distributed in Japan, China, and the

Himalayas, as well as in North America and Mexico (De
Candulle, Prod., i. 79 ; Bentham and Hooker, Gen. PL, i.

18; A. Gray, Gen. III., xxiii., xxiv.).

Magnolias arc trees or shrubs with evergreen or deciduous

foliage. They bear conspicuous, and often large, fragrant,

white, rose, or purple flowers. The sepals are three in

number, the petals six to twelve, in two to four series of

three in each, the stamens and carpels being numerous.

The fruit consists of a number of follicles which dehisce

(contrary to the rule) along the outer edge to allow the

scarlet or brown seeds to escape, but which are suspended
by a long slender thread. Of the Old-World species, the

earliest in cultivation appears to have been M. Yvlan,

Desf. (conspiciia, Salisb.), of China, of which the buds
were preserved, as well as used medicinally and to season

rice (Pickering, Chron. Hist, of PL, p. GOO). It, together

with ^[. fuscata, Aiidr., was transported to Europe in 1789
(Paxton's Bot. Die.) and thence to North America, and is

now cultivated in the middle States. Of the Japanese

magnolias, M. Kolus, DC, and the purple-ilowered M.
obovala, Thim., were met with by Kacmpfer in 1G90. They
were introduced into England in 1709 and 1804 respect-

ively. The species M. pumiLt, Andr., the dwarf magnolia,

from the mountains of Amboyna, is nearly evergreen, and
bears deliciously scented flowers. It was introduce* in

1786. The Indian species are three in number, il.glohosa,

H. f. et T., allied to M. conspicua of Japan; M. sphenocarpa,

Roxb., and the most magnificent of all magnolias, M.
CampbcUii, H. f. ct T., which forms a conspicuous feature

in the scenery and vegetation of Darjiling. It was
discovered by Dr Grifiith in P)hutan. It is a largo forest

tree, abounding on the outer ranges of Sikkim, 80 feet

high, and from G to 12 feet in girth. The flowers are 6 to

10 inches across, appearing before the leaves. They vary
from white to a deep rose colour (Hook, fil., IH. IJim. PL,
pis. iv. and v.).

The first of the American species brought to Europe (in

1G88, by Banister) was J/, r/tauea, L. It is found in low
situations near the sea from Massachusetts to Louisiana,

—more especially in New Jersey and Carolina. In 1712
Catcsby visited Virginia and found .1/.- wnmiyiata, L., the

so-called cucumber tree, from the reseniblaiice of the young
fruits to small cucumbers. It ranges from Pennsylvania

to Carolina. The wood is yellow, aud used for bowls

;

the flowers are rather small. It was introduced into

I'^ngland in 173G. He also found M. nmhrtlta. Lam.
{tripdda, L.), called the umbrella tree. The flowers are

very large, white, aud highly scented. It was brouj'lit to

England in 17ji'. M. pyrainiJata, Bart., discovered by

I

Bartrani in 1773, is a native of the western parts of

Cai'olina aud Georgia. The most beautiful species of

' North America is M. <jrandij\ora, L., discovered by Catesby

in 1719 in South Carolina and Florida, and introduced

into England in 1731. It grows a straight trunk 2 feet in

diameter, and upwards of 70 feet high, bearing a profusion

of large powerfully lemon-scented creamy-white flowers.

In England it is customary to train it against a wall

;

and the original species is surpassed by the Exmouth
varieties, which originated as seedlings at Exeter from the

tree first raised in England by Sir John Colliton, and
which flower much more freely than the parent plant. The
remaining North-American species are M. auriculaUi,

Lam., M. macrophylla, Michx., and 31. cordata, Michx.

The Jlexican species is M. mexicana, DC. The tulip

tree, Liriodeudron tulipi/era, L., frequently cultivated in

England, is also a member of the same family. It is the

sole species, and is a native of North America.

For a description of the principal species of magnolia under
cultivation see Hemsley's Handbook of Hardy Treet, i:c., p. 24 ;

Loudon's Arboretum, vol. i. p. 260.

MAGNUS, Heinrich Gustav (1802-1870), an eminent

German chemist and physicist, was born at Berlin May 2,

1802. He early showed a strong scientific bias, which wa.s

well fostered and strengthened by his education. Six years

of thorough study at Berlin university were supplemented

by a year's course at Stockholm in Berzelius's laboratory

(1828). After some time spent in Paris under Gay-Lussac

and Th^nard, Magnus settled at Berlin in 1831 as lecturer

on technology and physics in the university. In 1834 he

was elected extraordinary and in 1845 ordinary professor

of these subjects. He died April 4, 1S70. His numerous

papers, which appeared chiefly in Pue/ycndorff's Annalen ard

in the publications of the Berlin Academy of Sciences,

cover a wide range of chemical and physical subjects. His

first rueuioir, published in 1825, while he was yet a

student, was a discussion of the spontaneous inflammability

of finely divided iron, nickel, and cobalt. From 1827 to

1S.')3 ho was occupied mainly with chemical researches,

which resulted in the discovery of sulphovinic, ethionic,

and iscthionic acids and their salts; and, in conjunction

with Ammermiiller, of periodic acid. The absorption of

gases in blood (1837-45), the expansion of gases by heat

(1841-44), the vapour pressures of water and various

solutions (1814-54), thermo-electricity (1851), electrolysis

(185G), induction of currents (lSb8-Cl), conduction of heat

in gases (18G0), and polarization of heat (186C-G6) arc

some of the many subjects of which he treated. From 1 861

onwards he devoted much attention to the still vexed
question of diathermancy in gases and vapours, especially

to the behaviour in this respect of dry and moist air, and
to the thermal effects produced by the condensation of

moisture on solid surfaces. Many of his papers were

translated and published in the Philosophical J/affozine.
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MAGNUSSOX, Arni (16G3-1730), a scliolar to whom

wo are largely indebted for the preservation of the old

Icelandic literature, was born in the west of Iceland in

1C63. In Lis youth he resided for a time at llvamm,
then the residence of his mother's father, Ketil the priest,

who was a well-known copyist of manuscripts. In 1G83

ho came to Copenhagen, and was employed by Bartholinus

at first as a copyist, and afterwards to investigate the

monuments and ancient customs of Norway. In 1697 he

was appointed secretary of the archives of the kingdom.

Before this ho had begun to collect Icelandic manuscripts,

his earliest acquisition (Ilitlda) being in 1GS7. From that

time he steadily persevered, but his great acquisitions were

chiefly made in Iceland, whither he went in connexion with

the royal survey in 1702-12. Tlio old and important

manuscripts were by that time falling into neglect, and it

is more than probable that without Ami's intervention tlio

greater part would have been lost to us. On his return

from Iceland he was appointed professor of history and
Danish antiquities in the university of Copenhagen. He
is said never to have recovered the shock caused by the

mischief done to his library by the great fire of Copenhagen
in 1728. He himself had never the courage to ascertahi

exactly what he had lost ; but it appeared afterwards that

scarcely any MS. of real importance had perished. 'On
his death on Gth January 1730, he bequeathed his property

to the university of Copenhagen for the purpose chiefly of

publishing Icelandic manuscripts (Arna-Magna;an Bequest).

The first volume published under the bequest was Njala,

which appeared in 1772, and was succeeded by a number of

valuable publications of the same class. Arni left behind
him no literary work of any consequence, and his notes and
historical material were mostly destroyed in the conflagra-

tion. The signal service which he rendered to Icelandic

literature lay in his judicious und extensive collection of

the old manuscripts, and investigation of their history so

far as attainable, at a time when they were rapidly being
superseded and disappearing through neglect.

MAGO was one of the most common Carthaginian

names, borne among others by the reputed founder of the

military power of Carthage, and the Punic admiral in the

war with the elder Dionysius (see Carthage). The most
famous of the name was the youngest of the three sons of

Uamilcar Barca, He accompanied his brother Hannibal
on his expedition into Italy, and held important commands
in the great victories of the first three years. After the

battle of Cannae he marched through southern Italy and
sailed to Carthage to report the successes gained. He was
about to return to Italy with strong reinforcements for

Hannibal, when the Government ordered him to go to help

his other brother, Hasdrubal, who was hard pressed in

Spain. He maintained war there with varying success in

concert with the two generals Hasdrubal, until, in 209 B.C.,

his brother marched into Italy to help Hannibal. Mago
remained in Spain with the other Hasdrubal. In 207 he
was defeated by M. Silanus, and in 206 the combined
forces of Mago and Hasdrubal were scattered by Scipio in

the decisive battle of Silpia. Mago nlaintained himself

for a long time in Gades, but afterwards received orders to

carry the war into Liguria. He wintered in the Balearic

Isles, where the fine harbour Tortus Magonis, Port Mahon,
still bears his name. Early in 204 he landed in Liguria,

where he maintained a desultory warfare till in 203 he was
defeated in Cisalpine Gaul by the Roman forces. He
received orders soon after to return to Carthage, but on
the voyage home he died of wounds received in the
battle.

The name of Mago—but which Mago is uncertain—is

attached to a great work on agriculture which was brought
to Borne and translated by order of the senftte after the

aestruction of Carthage. The book was regarded as a

standard authority, and is often referred to by later writers.

MAGPIE, or simply Pie (French, Pie), the prefix being

the abbreviated form of a human name (Margaret') applied

as in 60 many other instances to familiar animals, as this

bird onco was throughout Great Britain, though of lato

years almost exterminated in many parts, and now nearly

everywhere scarce. Its pilfering habits have led to this

result, yet the injuries it causes are unquestionably ex-

aggerated by common report; and in many countries of

Europe it is still the tolerated or even the cherished neigh-

bour of every farmer, as it formerly was in England if not

in Scotland also. There is ample evidence- to prove that it

did not exist in Ireland in 1G17, when Fynes Morison^

wrote his Itinerary, and that it had appeared there within

a hundred years later, when Swift mentions its occurrences

in his Jotirnal to Stella, under date of 9th July 1711. Jt

is now common enough in that country, and there is a

widespread but of cour.se unfounded belief that it was in-

troduced by the English out of spite. It is a species that

when not molested is extending its range, as Wolley ascer-

tained in Lapland, where within the last century it has

been gradually pushing its way along the coast and into

the interior from one fishing-station or settler's house to

the next, as the country has been peopled.

Since the persecution to which the Pie has been subjected

in Great Britain, its habits have undoubtedly altered greatly

in character. It is no longer the merry, saucy hanger-ou

of the homestead, as it was to writers of former days, who
were constantly alluding to its disposition, but is become
the suspicious thief, shunning the gaze of man, and knowing
that danger may lurk in every bush. Hence opportunities

of observing it fall to the lot of few, and most persons

know it only as a curtailed captive in a wicker cage, where
its vivacity and natural beauty are lessened or wholly lost.

At large few European birds possess greater beauty, the

pure white of its scapulars and inner web of the llight-

feathers contrasting vividly with the deep glossy black on

the rest of its body and wings, while its long tail is lustrous

with green, bronze, and purple reflexions. The Pie's nest

is a wonderfully ingenious structure, placed either in high

trees or low bushes, and so massively built that it will

stand for years. Its foundation consists of stout sticks,

turf, and clay, wrought into a deep, hollow cup, plastered

with earth, and lined with fibres ; but around this is

erected a firmly-interwoven, basket-like outwork of thorny

sticks, forming a dome over the nest, and leaving but a
single hole in the side for entrance and exit, so that the

whole structure is rendered almost impregnable. Herein
are laid from six to nine eggs, of a pale bluish-green freckled

with brown ,ind blotched with ash-colour. Superstition as

to the appearance of the Pie still survives even among many
educated persons, and there are several versions of a rhyming
adage as to the various turns of luck which its presenting

itself, cither alone or in company with others, is supposed

to betoken, for Bome of these versions contradict one

another in details, though all lagree in this that the sight

of a single Pie unquestionably presages sorrow.

The Pie belongs to the same Family of birds as the Ceow
(vol. vi. p. 617), and is the Corvus pica of Linnaeus, the

Pica caudata, P. melanoleuca, or P. rustica of modem—• —
' "Magot" and "Madge," with the same origin, are names fre-

quently given in England to the Pie ; while In France it is commonly
known as Margot, if not termed, as it is in some districts, Jaqnetle.

" A compendious summary of this will be found in Yarrell's British

Birds, ed. 4, ii. pp. 318-320.
' His predecessor Derricke, in 1578, said:

—

•' No Tics to plucke the Thatch from bouse,
p.ie hreed In Irishe grounde :

But worse then Pics, the same to bume,
a tbousandc m&ic be foundc."

~-The Imape of Irelande, London, \5i\.



M A H—M A H 285

oruitLologists, vvlio Lave recognized it as forming a dis-

tincO genus, but the number of species tliereto belonging

has been a fruitful source of discussion. Examples from

the south of Spain differ slightly from those inhabiting

the rest of Europe, and in some points more resemble the

P. maxtrilanica of north-western Africa; but that species

has a patch of bare skin of a fine blue colour behind the

eye, and much shorter wings. No fewer than five species

have been discriminated from various parts of Asia, extend-

ing to Japan ; but only one of them, the P. leacoptera of

Turkestan and Tibet, has of late been admitted as valid.

In the west of North America, and in some of its islands,

a Pie is found which extends to the upper valleys of the

Missouri and the Yellowstone, and has long been thought

entitled to specific distinction as P. kudsonia ; but its claim

thereto is now disallowed by some of the best ornithologists

of the United States, and it can hardly be deemed even a

geographical variety of the Old-World form. In California,

however, there is a permanent race if not a good species,

P. nuUalli, easily distinguishable by its yellow bill and the

bare yellow skin round its eyes ; and it is a curious fact

that on two occasions in the year 1867 a bird apparently

similar was observed in Griat Britain {Zoologist, ser. 2, pp.

706, 1016). (a. n.)

MAHABALESHWAR, a hill station in Satdra district,

and the principal sanatarium in the Bombay presidency,

India (17° 58' N. lat., 73° 42' E. long.), occupies the sum-

mit of a range of the Western GhAts, with a general eleva-

tion of 4500 feet above sea-level. It was established by Sir

John Malcolm, the governor in Bombay in 1828, who
obtained the site from the rAjA of Satdra in exchange for

another patch of territory. The superior elevation of

Mah.'lbaleshwar renders it much cooler than MAtherAn

(2460 feet), but its heavy rainfall (about 240 inches) makes

it almost uninhabitable during the rainy season. It forms

the ~ retreat usually during spring, and occasionally in

autumn, of the governor of Bombay, the commander-in-chief

of the Bombay army, and the chief officers of their establish-

ments, and has the usual public buildings of a first-class

sanatarium. The populatioii was returned in 1872 at

2759.

MAHABHARATA. See Sanskkit LiTKaATUEE.
MAHANADI, or Mahanuddy ("The Great Kiver"), a

river of India, rising in 20° 10' N. lat., 82° E. long., 25

miles south of EAipur town, in a wUd mountainous region

of the Central Provinces. At first an insignificant

stream, it flows in a tortuous easterly course through the

hills in a rocky bed until it reaches Dholpur in Orissa.

From this point it rolls its unrestrained waters straight for

the outermost line of the Eastern GhAts. This mountain
line it pierces by a gorge about 40 miles in length, over-

looked by hills, shaded by forests, deep and tranquil, and
navigable at all seasons. It pours down upon the Orissa

delta at NarAj, about 7 miles west of Cuttack town ; and
after traversing Cuttpck district from west to east, and
throwing ofif numerous branches (the KAtjuri, Paika,

BinipA, ChitartalA, &c.), it falls into the Bay of Bengal at

False Point by several channels.
The Mahanndi has an estimated basin of 43,800 miles, mid

its rapid flow renders its maximum discharge in time of flood second
to that of no other river in India. During unusually high floods

1,800,000 cubic feet of water pour every second through tiio Nanij
gorge, one-half of which, uncontrolled by the elaborate embank-
ments, pours over the deUn, filling the swamps, inundating the
rice-fieids, and converting the plains into a boundless sea. In the
dry weather the discharge of the Mahsinadi dwindles to 1125 feel

per second. Efforts have been made to husband and utilize the vast
water supply thrown upon the Orissa delta during seasons of flood.

Each of the three branches into which the parent stream splits at the
delta head is regulated by a weir. Of the four canals which form
the Orissa irrigation system, two take cfl' from the BinlpA weir, and
one, with its branch, from the Mahduadi weir. On the 31st Decem-
bo.' 1868 the Government took crver thi whole canal wo'ka from

the East Indian Irrij,'ation Company, at a cost of £941,368, since

which time the gradual prosecution of the Orissa scheme to com-
pletion has been sanctioued. The canals thus taken over and
since completed, or carried ta.an advanced stage of construction, are

theHigh-Level Canal, the Koidrapara Canal, the Taldanda Canal,

and the JIachligaon Canal, with their distributaries, designed to

irrigate a total of 1,600,000 acres.

JIAHANOY CITY, a post borough of the United

States, in Mahanoy township, Schuylkill county, Pennsyl-

vania, lies at a height of 1211 feet above the sea, 56 miles

north-east of Harrisburg, with a station both on the Lehigh

Valley and on the Philadelphia and Reading Railway. It

was founded in 1859, and owes its existence to the great

anthracite mines in the neighbourhood. Two public halls,

a public library, two weekly newspapers, and the increase

of its population from 5533 in 1870 to 7181 in 1880,

betoken its prosperity.

MAHASEEE, or Mahseer {Barhus mosal), a kind of

barbel, abundant in the rivers of India, especially in pools

of the upper and more rapid streams where they issue from

the mountainous part of the country. It is one of the

largest species of the family of carps, attaining to a length

of from 3 to 5 feet, and exceeding sometimes a weight of

70 lb. Its body is well-proportioned, rather elongate, and

somewhat like that of the European barbel, but covered

with very large scales, of which there are only twenty-five

or twenty-seven placed along the lateral line; the dorsal

fin is armed with a long and strong spine, and the rnouth

provided with four slender and short barbels. The lips

are sometimes produced into fleshy lobes. To the- fisher-

man in India the mahaseer afi'ords the same kind of sport

as the salmon in the British Isles, and it rivals that fish as

regards size, strength, and activity. Its flesh is likewise

much esteemed.

MAHDi. i.e., " he who is guided aright," the third caliph

of the house of 'AbbAs (see Mohammedan Empire). The

name of Mahdf is also that which the Shi'ite Mohammedans
give to their Messiah, the last of the Imdms of the house

of 'All. It -was under the name of al-Mahdl that MokhtAr

proclaimed "All's son Mohammed as the opponent of the

caliph'Abd al-Malik, and, according to Shahrastani, p. Ill,

the doctrine of the Mahdf, the hidden deliverer who is one

day to appear and fill the oppressed world with- righteous-

ness, first arose in connexion with a wild notion that this

Mohammed had not died but lived concealed at Mount
RadwA, near Mecca, guarded by a lion and a panther. The

hidden ImAm of the common Shi'ites is, however, the twelfth

ImAm, Mohammed Abu'l-KAsim, who disappeared mysteri-

ously 879 A.D. The belief in the appearance of the MaTidf

readily lent itself to imposture. Of the many pretendants

to this dignity known in all periods of Moslem hist^iry

down* to the present day^ the most famous was the first

caliph of the Fatimite dynasty in North Africa, 'Obaid-allAh

al-Mahdl, who reigned 909-934 A.D. From him was named
the capital of the dynasty, the once mighty city of Mahdiya,

the port and entrepot of KairawAn (see Mohammedan
Empire under the reign of Moktadir). Another great

historical movement, headed by a leader who proclaimed

himself the Mahdf (Mohammed ibn Abdallah ibn Tiimrut),

was that of the Almohades (q.v.).

MAHfi, a French settlement and town, in the Malabar

district. Madias, India, is situated in 11° 41' 50" N. lat. and
75° 34' 25" E. long., to the south of the river Mah^, with an

area of 1445 acres. It is the only French possession on

the west coast of India, and is in charge of a chef-da-service,

subordinate to the governor-general at Pondicherri. It

is now a decaying place, with most of its chief buildings

1 Thus there are at the present date (1882) three actual pretendants

to the dignity of Mahdi, Sheikh Mohammad of Dongola in the

EtOT^i^n Biidan, the Sheikh £1-Seausi in Tripoli, and a third in the

vilayet of Aidin.
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picturesquely situated close to the rivet moutb. Tlie

population in 1871 was 8492. It contains a Roman

Catholic chapel, a school, and a British post-office ; and a

long wooden bridge maintained by the British Government

gives access to the British territory beyond the river.

MAHI KANTHA, The, a group of native states forming

a political agency under the Government of Bombay, India,

lying between 23° 14' and 24° 28' N. lat. and 72° 40' and

74° 5' £. long., with an area of about 4000 square miles, and

an estimated population of 447,056. It is bounded on the

N.E. by the Eajput states of Uddipur and Dunyarpur, on

the S.E. by Rewa KanthA, on the S. by Kaira district, and

on the W. by the native states of Baroda and the P.Manpur

agency. The Mahi Kanthil territory is divided among a

number of chiefs, of whom the rAji of Edar is by far the

most important. In Jlay 1877 these chiefs were classified

in seven divisions, according to their importance and the

extent of their jurisdiction. There are two states of the

second class, three of the third, nine of the fourth, nine of

the fifth, fourteen of the sixth, and fourteen of the seventh

class. The entire revenues amount to about £110,000.

MAHMUD OF Ghazxi (971-1030), known also as

Mahmiid, son of Subuktigin, was born October 2, 971.

His fame rests chiefly on his successful wars, in particular

his numerous invasions of India. His military capacity,

inherited from his father, Naslr-ud-din Subuktigin, was

strengthened by youthful experience in the field. Subuk-

tigin, a Turki slave of Alptigin, governor of KhorAsin

under Abd' ul Malik Niih, king of the SaniAni dynasty of

Bokhara, early brought himself to notice. He was raised

to high ofiBce in the state by Alptigln's successor, Abu
Ishdk, and in 366 a.h. (977 a.d.), by the choice of the

nobles of Ghazni, he became their ruler. He soon began

to make conquests in the neighbouring countries, and in

these wars he was accompanied by his young son Mahmiid.

On one- occasion, when Mahmiid was fourteen years of

age, his advice with respect to a military operation in the

hills was approved and adopted by the generals. Before

he had reached even this age he encountered in two expedi-

tions under his father the Indian forces of JaipAl, raja of

Lahore, whom Subuktigfn defeated on the Ponjab frontier.

In 994 Jlahmiid was made governor of KhorasAn, with

the title of Saif-ed-daulah (" Sword of the State"), by the

SiimAni emir, Abd' ul Malik Xiih. Two years later, his

father Subuktigin died in the neighbourhood of Balkh,

having declared his second son, IsmAil, who was then with

him, to be his successor. As soon as IsmAil had assumed
the sovereignty at Balkh, Mahmiid, who was at NishApiir,

addressed him in friendly terms, proposing a division of

the territories held by their father at his death. Ismdil

rejected the proposal, and was immediately attacked by
Mahmiid and defeated. Retreating to Ghazui, he there

yielded, and was imprisoned, and Mahmiid obtained undis-

puted power as sovereign of KhorAsAn and Ghazni (997).
The Ghaznavi dynasty is sometimes reckoned by native

historians to commence with Subuktigfn's conquest of

Bvist and KusdAr (978). But Subuktigin, throughout his

reign at Ghazni, continued to acknowledge the SAmAni
suzerainty, as did Mahmiid also, until the time, soon after

succeeding to his father's dominions, when lie received

from the caliph of Baghdad, Al KAdir Billah, a Uiiht or

robe of honour, with a letter recognizing his sovereignty,

and conferring on him the titles Yamin-cddanlah (" Eight
Hand of tic State"), and Amin-nl-MUlat ("Guardian
of tlie Faith"). From this time it is the name of

the caliph that is inscribed on Mahmiid's coins, together
with his own new titles.^ Previously the name of the

' Even liefore succceiling liis father lie struck coins in his ovra name
•t Nisibiir (Nishipiir), wher he was governor of Khordj^n.

SAmAni sovereign, Mansiir bin Niih (successor of Abd' ul

Malik) is given along with his own former title, Saif-ed-

daulah Mahmiid. The earliest of those of the new form

gives his name Mahmiid bin Subuktigin. Thereafter his

father's name does not appear on his coins, but it is

insf ribed again on his tomb.

The new honours received from the calipu gave fresh

ijipulso to Mahmiid's zeal on behalf of Islam, and he
resolved on an annual expedition against the idolaters of

India. He could not quite carry out this intention, but a

greiat part of his reigu was occupied with his Indian

campaigns. In 1000 a.d. ho started on the first of these

expeditions, but it does not appear that on this occasion ho

went farther than the hill country near Peshawar. The
hostile attitude of Khalaf ibn Ahmad, governor of SistAn,

called Jlahiniid to that province for a short time. lie was
appeased by Khalaf's speedy submission, together with the

gift of a large sum of money, and further, it is said, by hij

subdued opponent addressing him as sulUin, a title new al

that time, and by which Jlahmiid continued to bo called,

though he did not formally adopt it, or stamp it on hit

coins. Four years later Khalaf, incurring JIahmiid's dis-

pleasure again, was imprisoned, and his property coft-

ficcated.

Mahmiid's army first crossed the Indus in 1001,
opposed by JaipAl, raja of Lahore. JaipAl was defeated, and
Mahmiid, after his return from this expedition, is said to

have taken the distinctive appellation of Ghdzi ("ValianI

for the Faith "), but he is rarelj* .so called.- On th«

nest occasion (1005) Mahmiid advanced as far as Bhertf

on the Jhelum, wlien his adversary Anang-pAl, son and
successor of Jaipal, fled to Kashmir. The following year

saw Mahmiid at Multan. When he was in the Punjab at

this time, he heard of the invasion of KhorAsAn by Ilak

Khan, ruler of Transoxiana (whose daughter JIahmiid had
married). After a rapid march back from India, Mahmiid
repelled the invaders. Ilak Khan, having retreated acro&s

the Oxus, returned with reinforcements', and took up a

position a few miles from Balkh, where he was signall*

defeated by Mahmiid.
Two years had elapsed since his last visit to India whea

Mahmiid again entered the Punjab (1008), this time

for the express purpose of chastising S6wah PAl, who,

having become a Mussulman, and been left by Mahmiid in

charge of Multan, had relapsed to Hinduism. The Indian

campaign of the following year (1009) was a notable

one. Near the Indus Mahrnud was opposed again by

AnangpAl, supported by powerful rajas from other pijrts

of India. After a severe fight, Anaiig-pAl's elephants were

so terror-struck by the fire-missiles flung amongst them bj

th'e invaders that they turned and fled, the whole amy
retreating in confusion and leaving Jlahmiid master of the

field.' Mahmiid, after this victory, pusbed on through the

Punjab to Nagar-kot (Kangra), and carried ofi' much spoil

from the Hindu teinplt-.s] to enrich his treasury at Ghazni.

In 1011 Mahmiid, after a short campaign against the

Afghans under Mohammed ibn Siir in the hill country of

Ghor, marched again into the Punjab. The next time

(1014) he advanced to Thancsar, another noted stronghold

* Hie emperor Eiihnr gives him this title (1526). He himself was

tho second Moliamniedan king who had conquered India, the first being

Sultan Mahmud Gh:izi.

' The terms in which native historians have described the cfTccts of

these missiles—not unlike the account given hy De Joinvillc of the

Greek fire which caused such consternation to the army of St Louis
something more than two centuries later—gave rise at one time to the

idea that something like modern artillery was meant. Tlie fact that

naphtha is distinctly mentioned as having heen'used by Maljiiiiid on a

later occasion, and tiic knowledge that petroleum is fcund at several

places on both sides of the Indns near the scene of the fight witb

Anang-p&l, furnish the most probable cxplanatioa
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of Hinduism, between the Sutlej and the Jumna. Having
now found his way across all the Punjab rivers, he was

induced on two subsequent occasions to go still farther.

But fir-st he designed an iuvasion of Kashmir (1015),

which was not carried out, as his progress was checked at

L(jli-k6t, a strung hill-fort in the norlli-wcst of the Punjab.

And then before undertaking his longcrinroad into Hindustan

he had to march north into KhwArizm (Khiva) against his

brother-in-law Mamiin, who had refused to acknowledge

Mahmud's supremacy. The result was as usual, and

Mahmiid, having committed Khwarizm to a new ruler,

one of JIamun's chief officers, returned to his capital.

Then in 1018, with a very large force, he proceeded to

India again, extending his inroad this time to the great

Hindu cities of Mathra on the Jumna and Kanaiij on the

Ganges. To the glory of reducing the one and receiving

the Submission of the other ho added, as was his custom,

the further satisfaction of carrying back great stores of

plunder from both to his own country. Three years

later he went into India again, marching over nearly the

same ground, to the support, this time, of the raja of

Kanauj, who,having made friendship with the Jlohnmmedan
invader on his last visit, had been attacked by the raja of

Kalinjar. But Mahmiid found he had not yet sufficiently

subdued the idolaters nearer his own border, between Cabul

and the Indus, and the campaign of the year 413 (1022 a.d.)

was directed against them, and reached no farther than

Peshawar. Another march into India the following year

was made direct to Gwalior.

The next expedition (1025) is the most famous of

all. The point to which it was directed was the temple of

Somnath on the coast of the GujorAt peninsula. After an

arduous journey by Multan, and through part of Rajputana,

he reached Somnath, and met with a very vigorous but

fruitless resistance on the part of the Hindus of GujerAt.

Moslem feet soon trod the courts of the great temple. The
chief object of worship it contained was broken up, and

the fragments kept to be carried off to Ghazni. The story

is often told of the hollow figure, cleft by Mahmud's battle-

axe, pouring out great store of costly jewels and gold.

But the idol in this Sivite temple was only a tall block or

pillar of hewn stone, of a familiar kind. The popular

legend isa very natural one. Mahmiid, it was well known,

made Hindu temples yield up their most precious things?.

He was a dotormined idol-breaker. And the stone block in

this temple was enriched with a crown of jewels, the gifts

of wealthy worshippers. These data readily give the

Somnath exploit its more dramatic form. For the more
recent story of the Somnath gates see Ginzxi, vol. x. p. 560.

After the successes at Somnath, Jlahmiid remained some
months in India before returning to Ghazni. Then in

102G he crossed the Indus once more into the Punjab.

His brilliant military career closed with an expedition to

Persia, in the third year after this, his last visit to India.

The Indian campaigns of JIahnuid and his father were

almost, but not altogether, unvarying successes. The
Moslem historians touch li<;htly on reverses. And, although

the annals of Rajputana tell how Subuktigin was defeated

by one raja of Ajmfr and Mahmiid by his successor, the

course of events which followed shows how little these and
other reverses affected the invader's progress. Mahmild's
fuilure at Ajmir, when the brave raja Bi.sal-deo obliged him
to raise "tho siege but was himself slain, was when the

Moslem army was on its way to Somnath. Yet Mahnnid's
Indian conquests, striking and important in themselves,

were, after all, in great measure barren, except to the

Ghazni treasury. Mahmiid retained no possessions in

India under his own direct rule. But after tbo repeated

defeats, by his father and himself, of two successive rajas

of Lahore, the conqueror assumed the right of nominating

the goveruoi-a of the Punjab as a dependency of Ghazui, a

right which continued to be exercised by .seven of his

successors. And for a time, in the reign of Masdud II.

(1098-1111), Lahore was the place of residence of the

Ghaznavi sovereign. Certain silver coins of Mahmud's
reign bear inscriptions in Sanskrit characters as weU as

Arabic, betokening sovereignty in India. They are dated

418 aud 419 A.U., the two years immediately following his

last visit to the Punjab, and are struck at a place called by

his name, Mahmudpiir, supposed to be Lahore. There are

also copper coins struck at Lahore (now retaining legible

dates) bearing Mahmud's name and the caliph's, in Arabic

characters only. Mahmud's coins are numerous and histori-

cally important. They were issued from niiots at NisAbiir,

Hirat, Ghaznah (a common alternative form of the name),

Farwdn, aud Balkh, besides JIahmudpiir and Lahore, just

mentioned. Mahmud died at Ghazni in 1030, the year

following his expedition to Persia, in the sixty-first year

of his age and thirty-third of his reign.

Slalimiiil stnnjs consipiciious for liis iiiilitiuy ariloiir, liis jinibi-

tiou, strong will, iKUseverancc, Wiitclifuhiuss, and energy, combined
with great courage and unbounded sclf-relinncc. But bis tastes

were not exclusively military. His love of literature brouj;bt men
of learning to Cliazni. His acnuaint.ance with Moslem tbeology

I was recognized by the learned doctors. JIalimiid is accused of

avarice. It has been said that the prospect of booty was as strong

I
a motive power iu these repeated invasions of India as his love of

: military glory and desire to shine as a chamjiion of the faith. An
1 illustration commonly given of his want of liberality is his treat-

ment of the poet fiidousi. Delighted with a portion which was

read to him of the poet's metrical romance narrating the ileeds of

the early kings of Persia, Jlalimvid presented him with a thousand

dinars, one for each coujdct, with an implied promise, or at least

expectation on the part of the author, of payment on the .same scale

for the rest. The completed S'lidh Admah, presented in due course,

contained no less than sixty thousand couplets, and the reward tins

time was given iu dirlicms instead of dindrs. Firdousi retired in

disgust to his native place, Tiis, and satirized the sultan. At a

later time, it is said, Mahmud sent him the larger sum; but the

poet died just before it arrived. Mahmud had the general repu-

tation of giving liberal and discerning encouragement to learned

and literary men. Among those who took up their abode at Ghazni

in his time, the most noted, after Firdousi, were the poet Unsnii of

Balkh, whose compositions were largely devoted to the i>raise of

the sult.au Mahmud; another poet, Asjudi of Merv, who wrote a

grand ode on the Somnath expedition ; El Utbi of Klior.isan, author

of the KMb-i- Yamini, a history of Subuktigin and of Jlahnu'id (to

about the middle of his reign); and the accomplished historian,

Abu Rihan, called Al Biniiii, author of the Tnril.k id Hind, as well

as of a number of scientific works. The sultan established largo

educational institutions at Ghaiiiii

JIahmnd also found time to bestow attention on other arts of

peace, and did not neglect his capital and the country around.

Large sums were devoted to important public works. The building

of the great Jama Masjid of Ghazni is described by El Utbi iu

admiring terms. A splendid palace which Malunud built induecil

wealthy nobles at Ghazni to erect great mansions for themselves.

Two fine towers or minarets at Ghazni, HO feet in height, bearing

Mahmud's name (though one is said to have been built by his

successor) have attracted the attention of travellers. They are of

a remarkable construction, the lower part with a zigzag or star-

shaped outline, the upper part round, like tho third and fourth

stories of tho Kutb Jlinar at Delhi, built two centuries later.

Like the Kutb pillar too, they are isolated, and may, like it, have

served as the minarets for a separate most^ue or mosques. The

dam called the Eand-i-Sultdn, which Mahmud constructed to form

an artihoial lake for irrigation, appears to have been a really great

and substantial work.
ilahmiid, besides being marked by small-pox, had an ill-

favoured countenance, and knew it. Courticre met his allusions

to his personal appearance by tho familiar complimentary remarks

about inward graces more than counterbalancing outward defects.

Hu himself is said to have observed, after looking iu the glass,

that lie saw so many faults in himself he was ready to excuse those

of others.

Mahmud's tomo stanus in a garden a short distance from Ghazni,

called Mauzat-i-SuUdn ("the sultan's tomb," or "garden"—the
word means both). On one of tho minarets is an inscription which

gives all his titles. On the massive tombstone within the building

lie is named more brielly Niz,im-ed-din Abu'l Kasin\ Mnhniiid, son

of Subuktigin. lie was succeeded by his son Muhammad, who w.is'

soon displaced by his more vigorous brother lIusAiid
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The principal liistorics of Malimud's reiqn arc

—

Kildb-uYamint
|Utbi); Tarikh-its-Subuklijln (Baihaki) ; labaMt i Nasiri (Itinhdj

el-Siraj); llauzat-us-Sa/a (Mir Kliomi) ; Ilabib-us-Siijar (Khou.
[lamir). See Elliot, History of India ; Elphinstonc, Uistory of
India ; Jour. Roy. .As. Soc., vols. i.\., xvii. ; Jour. As. Soc. Ilcngal,

vol. xii. ; As. Hcs., vols, xvi., xvii. (R. II'L*.)

MAHOGAXY, a familiar dark-coloureJ wood largely

used for household furniture, and supplied by a large tree

indigenous to Central America and the Antilles. It was
originally received from Jamaica; 521,300 feet were ex-

ported from that island in 1753. Swietmia Mahogani, L.,

is tho solo Bpecies of the genus of the order Mdiaceee
(Benth. and Hook., Gen. PL, i. 338). It bears imparipin-

nato leaves, like those of tho ash, and panicles of small

pentamerous flowers with 10 monadelphous stamens. The
fruit i? a pear-shaped woody capsule, with many winged
seeds. The dark-coloured bark has been considered a
febrifuge, and the seeds were used by the ancient Aztecs

witli oil for a cosmetic, but the most valuable product is

tho timber, first noticed by the carpenter on board Sir

Walter Kaleigli's ship in 1595, for its great beauty, hard-
ness, and durability. Dr Gibbons brought it into notice

as well adapted for furniture in the early part -of the 18th
century, and its use as a cabinet wood was first practically

established by a cabinetmaker named Wollaston, who
was employed by Gibbons to work up some mahogany
brought to England by his brother. Since its introduction

no wood has been more generally used for cabinet-making
purposes, and none possesses like advantages of combined
soundness, large size, uniform grain, durability, beauty of

colour, and richness of figure.

In the trade the wood is generally classified under the two heads
ot Spanish Mahogany and Honduras Mahogany .or Baywood. The
former comprises the rich, solid, and heavy variities, susceptible of
a high degree of polish, and frequently showing rich wavy figuring,
in which case the wood is enormously enhanced in value, and used
only in the form of veneers. Under the name of Honduras maho-
gany or baywood is embraced the light open-grained and plain
classes of mahogany, uniform in colour, and valuable for tho ease
with which they can be Worked for an endless variety oif use^
where sound straight timber, free from all tendency to warp, is

required. By importers, however, several classes of mahogany are
recognized. The original Spanish mahogany is the produce of the
island of San Domingo, whence only email supjilies now come, and
these mostly in logs of not more than 8 to 10 feet in length by
12 or 13 inches in thickness. Cuba mahogany is in richness of
figure and other properties little inferior for ornamental purposes
to San Domingo wood, while it possesses the advantage of being
obtained in logs up to 35 feet long and 2 feet square in cross sec-
tion. Squared Honduras logs are sometimes obtained 40 feet long
and 2 feet thick, and, although the wood is generally plain in
character, richly figured logs are occasionally got. It appears that
the-Honduras wood obtained in the north, near the Me-xican bound-
ary, is. much more rigli, dense, and solid than the soft swamp-grown
timber, which commonly goes by the name of Honduras or bay-
wood. In Mexico the mahogany tree attains its greatest dimensions,
and thence logs squared to 40 and even 48 inches are sometimes
obtained, whilst the common size of logs varies between 15 inches
and 3 feet. The Mexican wood is cut into lengths of from 18 to 30
feet, for convenience of shipment, and, while in general the wood is
plain and somewhat soft in the core, the produce of some provinces.
Tabasco especially, is firm, solid, and not unfrequently richly
figured. Occasionally the wood which has been floated in tropical
seas ia found to be badly "wormed" or attacked by marine borers.
The cutting, squaring, and shipment of the wood in the tropical
regions which are its home ore conducted under circumstances of
great difficulty. The tree has recently been introduced into the'
north-west provinces of India under very favourable conditions,
and its successful cultivation there is likely to prove a matter of
considerable economic importance. Mahogany is included amon"
the second-class woods in Lloyd's list for ehip-building purposes"
it is a good deal employed in intemaljoiner work both in ships and
houses

;
it is a favourite turnery wood, and is equally preferred by

wood-carvers. The imports of mahogany into the United Kingdom
during 18S1 were 42,412 tons, of an estimated value of £390,418,
fully one-half of which came from Mexico.

MAHOMET. See Moh.^vmmed.
MAHONY, FKANCI3 (1804-1866), "Father Front,"

Roman Catholic priest, scholar, journalist, song-writer,
j

and humorist, was born at Cork of a respectable middle-
class family in 1804. His classical education was chiefly

obtained at a Jesuit college at Amiens, and after studying
theology at Paris he received clerical ordination, and
served in Switzerland ancj Ireland. He then came to

London, and officiated for some time in the chapel of the

Bavarian Legation. 'While there he fell in with the coterie

of wits and men of letters who were then engaged on
Fraser's Magazine, and, soon finding their society and
pursuits more congenial to him than those of the Romish
priesthood, he, about 1834, began to contribute his cele-

brated Prout papers to Fraser. These consist principally

of translations of well-known English songs into Latin,

Greek, French, and Italian verse, which ho humorously
represents as being the true originals from which tho

English authors had merely plagiarized them. The songs

of France, and those of modern and ancient Italy (includ-

ing among tho latter many most felicitous renderings of

Horace's odes), were then given in English versions,

accompanied by a running commentary full of queer

humour and often acute criticism. Prout's translations

have been universally admired for tho extraordinary

command which they display of the various languages into

which hia renderings are made, and for their spirit and
freedom both of thought and expression. Perhaps, how-
ever, the wonder at his polyglott learning has led to less

attention thaii is deserved being paid to the remarkable

excellence of many of his English versions of French and
Latin odes. In happy abandon they are often almost

unequalled, and most of- them have all the unfettered

character of original compositions. It might have been

expected that with his great gift of poetical expression he
would have left behind him more of what was exclusively

his own. 'What he has given us in this line tends chiefly

to show that with all his sarcastic and cynical wit hit

genius had also its tender, serious, and sentimental side.

His " Bells of Shandon" have always been greatly admired;
and " The Mistletoe," " The Redbreast of Aquitaine," " The
Lady of Lee," and the "Legend of Arethusa" are not

without a certain sweetness and beauty. In 1846 Mahony
became "own correspondent " at Rome to the Da.'y Newt,
and hia letters from that capital gave very vivid pictur'-s,

and contain much valuable and interesting information, of

the first years, so full of liberal promise, of the reign of

Pius IX. The last twelve or fifteen years of iis life were
spent at Paris, from which he supplied the Glohe with a
series of piquant letters on the incidents of the day. His
death took place in May 1866. Mahony was not less dis-

tinguished as a conversationalist than as a writer. He had
great stores of very various knowledge, had seen much of

the world, and had a quick power of repartee and no end of

sharp cynical wit. It is diflBcult to suppose that he could
ever have been in his true place as a priest of the Roman
Catholic Church. Bohemian as he ^as, however, he never
separated himself from it, or seems to have lost his attach-

ment to it; and it is creditable to his character that, though
living much among scorners and indifferentists, he would
ijever snfi"er injurious reflexions either upon his church
or upon Christianity to pass without sharp rebuke.

The Bcliqucs of Father Prout were collected from Fraser's
Magazine and published in two handsome volumes iu 1836, a, con-
siderably enlarged edition appearing In 1860. A biographical
notice of him by his friend Mr Sheehan was prefixed to the Bentley
Ballads ; and many additional details were given, with a consider-
able amount of his fugitive work contributed to the Daily NcuM
and the Globe, edited by Mr Blanchard Jerrold, in the Final Beliques

of Father Prout, published in 1876.

MAHRATTAS. The lilahrattas inhabit that portion of

India which is known by the ancient name of Mahir&shtra

(Sanskrit for the great kingdom or region). This large

tract, extending from the Arabian Sea on the west to the
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satpura mountains in the nortL, comprises a good part of
western and central India, including the modern provinces
of the Concan, Kliandesh, Berar, the British Deccan, part
of Nagpur, and about half the Nizam's Deccao. Its area
amounts to about 120,000 square miles, and its population
to about 12 millions of souls, or 100 to the square mile.

The population has increased greatly in the 19th century
under British rule ; but there had been much decrease
during the 17th and 18th centuries owing to war and
devastation. Frightful depopulation occurred from the
famine which Was at its height in 1400 A.D., and was
called the Dflrga Di\i or the goddess of destruction.

Much mortality was also caused by famine between 1801
and 1803. There was probably a period of high prosperity

during the first centuries of the Christian era, under a
number of petty indigenous sovereigns, among whom these

wide territories had become parcelled out before the first

invasion of the Deccan by the Moslems about 1100.

The etymology of the word Mahratta (or Marhatta, as

it is written in the vernacular) is uncertain. The name
does not indicate a social caste, or a religious sect ; it is

not even tribal. It embraces the people of all races who
dwell in the region of Maharashtra, both high-caste and
low-caste Hindus ; it is applied, of course, to Hindus only.

Thus there are Mahratta I3rahmans, next Mahratta Kumbis
or cultivators, and Mahratta Rajputs or warriors, though
the latter have but a small infusion of real Rajput blood.

The JIahrattas, then, are essentially Hindus in religion and
in caste ordinances, not differing in these respects from the

Hindus in other parts of India. They have a language of

their own, called the Mahratti, a dialect of the Sanskrit,

—a copious, flexible, and sonorous tongue.

But the Mahrattas have always been a separate nation

or people, and still regard themselves as such, though now-

adays they are almost all under British or Mohammedan
jurisdiction ; that is, they belong either to British India or

to the Nizam's Dominions. A few states or principalities

purely Mahratta,—such as Kolhapur and some lesser states

clustering round it in the southern Deccan,— still survive,

but they are under close supervision on the part of the

British Government. There are indeed still three large

native states nominally Mahratta, namely, that of Sindhia

near the borders of Hindust:in in the north, that of Holkar

in Malwa in the heart of the Indian continent, and that of

the gaekwar in Gujorat on the western coast. But in

these states the prince, his relatives, and some of his

ministers or employes only are Mahrattas ; the nobility

and the mass of the people are not Mahrattas at all, but

belong to other sections of the Hindu race. These states

thoi; are not to be included in the Mahratta nation, though

they have a share in the Mahratta history, and are con-

cerned in the extraneous achievements of that people.

In general terms the Mahrattas, as above defined, may
be described under two nip in heads, first the Brahmans,

and secondly the humble or low-caste men. The Jilahralta

Brahmans possess, in an intense degree, tiie qualities of

that famous caste, physical, intellectual, and moral. They

have generally the lofty brow, the regular features, the

spare upright figure, the calm aspect, the commanding
gait, which might be expected in a race maintained

in great purity yet upon a broad basis. In modern times

they have proved themselves the most able and ambitious

of all the Brahmans in the Indian empire. They

are notably divided into two sections—the Concanast,

coming from the Concan or littoral tract on the west coast

below the Western GhAt mountains, and the Dtshast, coming

from the uplands or Deccan, on the east of the mountains.

Though there have been many distinguished Dishasts, yet

the most remarkable of all have been Concunasts. For

instance, the peshwas, or beads of the Mahratta confedera-

tion wliicii at one time dominated nearly all India, were
Concanast Brahmans.

' The birthplace? of these persons are
still known, and to this day there are sequestered villages,

nestling near the western base of the GhAts, which are
pointed to as being the ancestral homes of men who two
centuries ago had political control over the Indian empire.

, Apart from the Brahmans, the Mahrattas may be gene-
rally designated as Siidras, or men of the humblest of the
four great castes into which the Hindu race is divided.
But, as indicated above, the upper classes among the
Slahrattas claim to be Kshattriyas or Rajputs. They prob-
ably are aborigines fundamentally, with a mixture of what
are now called the Scythian tribes, which at a very early

time overran India. They have but a slight admixture
of the Aryans, who victoriously immigrated from Central
Asia and established the Hindu system.

These ordinary lilahrattas, who form the bacKoone of the
nation, have plain features, an uncouth manner, a clownish
aspect, short stature, a small but wiry frame. Their
eyes, however, are bright and piercing, and under excite-

ment will gleam with passion. Though not powerful
physically as compared with the northern races of the
Punjab and Oudh, they have much activity and an unsur-
passed endurance. Born and bred in or near the Western
Ghrlt mountains and the numerous tributary ranges, they
have all the qualities of mountaineers. Among their native

hills they have at all times evinced desperate courage.

Away from the hills they do not display remarkable valour,

except under the discipline which may be supplied by other

races. For such organization they have never, of them-
selves, bhown any aptitude. Under civilized authority,

however, they are to be reckoned among the good soldiers

of the empire. In recent times they enter military service

less and less, betaking themselves mainly to cultivation and
to tlie carrying business connected with agriculture. As
husbandmen they are not remarkable; but as graziers, as

cartmen, as labourers, they are excellent. As artisans they

have seldom .signalized themselves, save as armourers and

clothweavers.

Thoie Mahrattas wuo dwell in the extreme west of

Maharashtra, within the main range of the Western Ghits,

and in the extreme north of Maharashtra near the Satpura

mountains, are blessed with unfailing rainfall and regular

seasons. But those who dwell at a distance from these

main ranges, or among the lower or subsidiary ranges, are

troubled with variable moisture and uncertain seasons,

frequently, too, with alternations of drought and of flood.

Periodically they are afflicted by scarcity, and sometimes

by severe famine. They have within the la-st half century

largely extended their area of cultivation. Their industry,

which is chiefly agricultural, has grown apace. Their

tendency is undoubtedly to increase in numbers ; and,

despite occasional depopulation from disasters of season,

they have increased considerably on the whole. But in

some districts, owing to the famine of 1877, and the sick-

ness which ensued when excessive rainfall followed the

drought, the population has been stationary, while in

others it has actually retrograded because epidemics and

plagues of vermin were added to the misfortunes of season.

Among all the Mahrattas the land is usually held on the

tenure technically known as " ryotwari." This tenure is

now established under the British Government by surveying

and assessing operations comprehended under the ofllcial

term "settlement." It practically means peasant pro-

prietorship. The proprietor, or ryot, is a cultivator also.

His holding may be on the average 20 or 30 acres,

divided into small fields. Of these fields he cultivates

some, himself working at the plough, and his family weed-

ing and cleaning the soil. He will also hire labour, and

thus the farm-labourers become a considerable class. He
IV. — 37
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pays to the Government direct tie laail t-'v wKicli ii

assessed oa his holding for the long terra of thirty years, so

that be may liave the benefit of his improvemeuts. His

properly in the land is absolute ; it descends according to

the Hindu law of inheritance ; it can be sold or otherwise

transferred by private arrangement ; it is pledged or

mortgaged for debt, and money is largely borrowed on its

F?;urity. It is liable to sale for default in regard to laud

revsnue ; and Government as a creditor has th-,' ^ni claim.

Thus, as a peasant proprietary, the JIahrattas arc in the

bsst possible position, and have been so for many years

since the completion of the British settlement. Their only

fsult is a disposition to live beyond tlieir humble means.

They have thus been of late years led into debt, vhich has

produced disputes betweou them and the money-lenders,

endiag sometimes in agrarian disturbance.

In the Concan there are some superior proprietors termed

Khotes. AVith this and perhaps some other exceptions,

notably that of Nagpur, there are not in the Mahratta

country many large landlords, nor many of the superior

tenure-holders whose position relatively to that of the

peasantry has caused much discussion in other parts of

India. There are indeed many Mahratta chiefs still resi-

dent in the country, members of the aristocracy which

formerly enjoyed much more wealth and power than at

present. They are sometimes in the position of landlords,

but often they are the assignees of the land revenue,

which they are entitled under special grants to collect for

themselves instead of for Government, paying merely a

email sum to Government by way of quit-rent. Under
them the cultivators are by British arrangements placed in

the position of peasant proprietors. Tho village community
has always czisted as the social unit in the Mahratta

territories, though with less cohesion among its members
than in the rillaga communities of Hindustan and tin

Punjab. The ancisnt offices pertaining to the village, as

those of the headman (patel), the village accountant, &c.,

are in v^orkia^ order throughout the Mahratta country.

Th? Mah'atti peasantry possess manly fortitude under

suffering and misfortune. Though patient and good-

tempered in the main, they have a latent warmth of

temper, and if oppressed beyond a certain endurable limit

they would fiercely turn and rend their tormentors. Cruelty

also is an eleraent iu their character. As a rule they are

orderly 'and law-abiding, but traditions of plunder "iave

been handed down to them from early times, and many
of the:ii retain ths predatory instincts of their forefathers.

The neighbourhood cf dense forests, steep hill-sides, and
fastnesses bird of access offers extraordinary facilities to

plunderers forscrBening themselves and their booty. Thus
gang robbery is apt to break out, gains head with rapidity,

and is suppressed with difSculty. In time of peace it is

kept under, bat during war, or whenever the bands of civil

order arc boseaed, it becomes a cause of anxiety and a
source of daogsr. The women have frankness and strength

of character ; they work hard in the fields, and as a rule

evinse domestic virtue. Conjugal infidelity, however, is

at unknown among them, and here, as elsewhere in

india, leads to bloodshed.

The peasantry preserve a grave and quiet demeanour,
h-2t they have their humble ideas of gaiety, and hold their

gatherings on occasions of births or marriages. They fre-

quently beguile their toil with carols. They like the
gossiping and bartering at the rural markets and in the

larger fairs, which are sometira.cs held in strikingly pictur-

esque localities. I'hey are utterly superstitious, and will

worship with hearty veneration any being or thing whose
destructive agency they fear. They will ev?n speak of the

tiger with honorific titles. They are Hindus, but their

Hinduism is held to be of a non-Arvan type. They are

sincerfly devout in religion, and feel an awe regarding " tti£

holy Brahmans," holding the life and tho person of »

Brahman sacred, even though he be a criminal of the deepest
dya. They of course regard the cow as equally sacred.

There are two principal sects among the modern Hindus

—

those who follow Vishnu, and those who follow Siva.

The JIf.hrattas gcnci-ally follow Siva ana his wife, a dread

goddess Liiown under many names. The Mahratta war-

cry, " Hur Hur Mahadeo," which used to be heard above
the din of battle urging the soldiers to onset with victorious

ilan, referred to Si-'a. All classes high and low are

fond of the religious festivals, the principal of which,
" the Dasserah," occurs in October, when tho first harvest

of the year has been secured and the second crops bowc.

This has always been held with the utmost pomp and
magnificence at every centre of Mahratta wealth and power.

The people frequently assemble in bowers and arbours con-

structed of leafy boughs to hear " kathas " rpcitod. Thes;

recitations are partly religious, partly also romantic and
quasi-historical. After them national resolves of just re

sistance or of aggressive ambition have often been formed
Apart from the Mahratta Brahmans, as already men-

tioned, the Mahratta nobles and princes are not generally

fine-looking men. Their appearance, notwithstanding jewel-

lery and rich apparel, is still that of j^easants. There cer-

tainly are some exceptions, but there is general truth in

what was once said by a high authority to the effect that,

while there will be something dignified in the humblest

Eajpilt, there will be something mean in the highest

Mahratta. Bluff good-nature, a certain jocoseness, a

humour pungent and ready, though somewhat coarse, a

hot or even violent disposition, are characteristics of

Mahratta chieftains. They usually show little aptitude for

business or for sedentary pursuits ; but, on the other hand,

they ar? born equestrians and sportsmen. As a rule they

are not moderate in living, and are not unfrequcntly

addicted to intemperance. Instances of licentiousness and

debauchery have always been found among them They
have generally sprung from a lowly origin, and they have

been proud of this fact even after attaining greatness. Fo:

instance, three Mahratta chiefs, each of whom established

a large kingdom—Sindhia, Holkar, and the gaekwar

—

declared the lowliness of their birth. Holkar was the

descendant of a shepherd ; Sindhia boasted of having

begun life by keeping his master'? slippers j and by his

very title the gaekwar perpetuates the memory of his pro-

genitor having tended the cow (gae) Mahratta ladies and

piinoesses have often taken a prominent part in public

affairs and in dynastic intrigues ; in some instances their

conduct has been of the highest type, in others their in-

fluence has been exerted for evil.

Though they have produced some poetry, the Jlahratta.s

have never done much for Oriental literature. Nor have

they been distinguished m industrial art. Their archi-

lecture in wood, however, was excellent ; and the teak

forests of their country afforded the finest timber for build-

ing and for catving. They had also much skill in the

construction of works for the supply of dnnking water on

a large scale, and for irrigation.

On the whole the Mahrattas nill hardly be regarded by Europeans

as being among the most interesting of the Indian races. The
admirahle History of the Mahrattas, by Captain Grant Duff (1826),

may possibly awaken enthusiasm, as written under pei-sonal ad-

vantages and with a living knowledge which will ucver again be

possessed by a historian of the later Mahratta times. At all events,

a strange interest gathers itself around tho Maliratta history.

In the first place the Mahratta country is for the most part

strategically important as well as highly picturesque. Some parts

of the Deccan are indeed almost irretrievably ugly. The stretches

of low hill have long been disforested, and even laid bare of lesser

vegetation, and the champaign tracts are treeless as far as the eye

can reach. Still much of the Mahratta country lies in lh» bosom
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or near the skirts of mountains. The geoiojjical formations may
be popularly described as consisting of trap, basalt, and indurated
lava in magnificent layers. Tlie black precipices, scarped for

thousands of feet, and striped with marks of tlie layers, are superb,

riie summits, though generally flat with horizontal outlines, are

ifteu broken into towers and cones. The vapours from the Arabian
5ea arc propelled by the south-west monsoon against these moun-
tain tops, and produce an e.\cessive rainfall. Hence arisu a luxuri-
int vegetation and the surprising spectacle (at certain seasons) of
•ascades tumbling down the perpendicular flanks of the mountains.
The forests have suffered during ages from wasteful cutting ; but
of late years a .system of conservancy has been established, and
iiany great forests remain.

The mountains stand in the midst of a fertile and populous
country ; on both sides of them are rich Tallc3-s, cultivated plains,

oumerous villages, and large towns. Thus insurgents or warriors
nad here a complete military base, with sources whence supplies

could be drawn, an.d strongholds for organizing power or for secur-

ng refuge. This hill country has been regarded by strategists as

jne of the strongest, in a military sense, to be found in India. It

extends over nearly fiOO miles from north to south, and has at least

twenty fortresses which in uncivilized warfare were virtually im-
pregnable if resolutely defended, and which, though of course un-
«ble to resist a scientific attack in these times, would yet prove
lifficult of approach. Several of these are surrounded with historic

traditions. In former times there was no road worthy of the name
icross these mountains. Ko means of passage existed s,ave steep

rugged pathways for footmen and pack animals. AVithin the last

ceneration the British Government has, in Oriental phrase, lifted

lip the veil of these mountains, piercing them with well-made roads

iiid with railways. There are now seven of such roads, and two
lilies of railway open, a third being projected. Guns and troops as

well as goods and produce can now be moved up and down these

once impass.ablc mountains.
It is the range of the Western Ghats which enabled the Sl.alirattas

;o rise against their Mohammedan conquerors, to reassert their

Hindu nationality against the whole power of the Mogul empire,

ind to establish in its place an empire of their own. It is often

held that in India British conquest or annexation succeeded
Mohammedan rule ; and to a considerable extent this was the case.

But, on the other hand, the principal power, the widest sovereignty,

which the British overthrew in India was that of the Mahrattas.
During the earlier Moslem invasions in 1100 and in subsequent

years, the Mahrattas do not seem to have made much resistance.

They submitted to several Mohammedan kings under the changing
circumstances of those times. They were despised by their con-

querors, and were called "mountain rats" in derision. It was
against the Mohammedan king of Bijapur in the Deccan that Sivaji,

tlie hero of Mahratta history, first rebelled in 1657. Sivaji and
bis fighting ofKcers were Mahrattas of humble caste, but his ministers

were Mahratta Brahmans. When the Mogul empire absorbed
that kingdom he defied the emperor. He imparted a self-reliant

enthusiasm to his countrymen, formed them into an army, and
organized them as a political community ; his mountaineer infantry,

though limited in numbers, proved desperately courageous ; his

cavalry was daring and ubiquitous. Having once overcome the
Hindus in almost all parts of India, often after heroic resistance,

the Moslems had not for centuries met vwth any noteworthy up-

rising. Sivaji, however, planned their expulsion, and before the

end of his restless life made much progress in the execution of that

design. The new Mahratta stato which ho founded was maintained
under various vicissitudes after bis death. Still Mahratta resist-

ance, once aroused by him, was never extinguished, and the im-
perial resources were worn out by ceaseless though vam efforts

to quell it. The great Mogul emperor's impoverished and en-
feebled successor was fain to n/cognize the JIahratta state by a
formal instrument. The Mahratta king, a descendant of Sivaji,

was a roi faUUnnt, and the arrangement was negotiated by his

Brahman minister, whose ofBcial designation was the p^shwa. The
office of pisliwa then became hereditary in the minister's family,

and grew in importance as the Mahratta kingdom rose, while the
f'ing sunk into the condition of a p-.ippet. Thus the Mahratta
power Was consolidated throughout nearly the whole of JfahJirashtra

under the Brahman peshwa as virtual sovereign, with his capital at

Poena, while the titular Mahratta raja or king had his court at
the neighbouring city of Sattara. Despite his political importance,
however, the raja was still venerated as the descendant of Sivaji.

Then several chiefs carved out principalities of their own from
among tho ruins of the Mogul empire. Thus Raghoji Bhfinsla
established himself in the tracts lying underneath the southern
base of the Satpura range (namely, Nagpur and Bernr), overran
Orissa, and entered Bengal. Dammaji Gaekwar descended from
tho Western Obits upon the alluvial plains of Gujerat around
Baroda ; Takaji Holkar subdued the uplamls of Malwa beyond the

Vindhya range on tho north bank of tiie Nerbudda ; and Madhaji
Sindhia obtained possession of lartjo tracts immediately south of

Af^ao^ IWlhi. inarched ikto HindiutaD and became virtually the

master of the Jlogul emperor himself. Princes of Sivaji's own
family founded a dominion at Tanjore, in the rich delta of the
Kavcii south of Madras.
But these principalities, thotigh really independent respecting

internal administration, and making war or peace with their neigh-
bours according to opportunity, yet owned allegiance to the peshwa
at Poona as the head of the Jlahratta body. On stato occasions
heads of principalities would visit Poona by way of acknowledging
the superior position of the peshwa. On the other hand tlie peshwa
was careful to obtain the sanction of his nominal sovereign at
Sattara to every important act «f state. Thus a confederation was
formed of which tlie Brahman peshwa or head was at Poona,
governing the adjacent territories, while the members,,b(-longing to
the lower castes of Mahrattas, were scattered throughout the con-
tinent of India. Such was the Mahratta empire which supplanted
the Mogul empire. The Jlahratta power grew and prospered till it

embraced all India with certain exceptions. Its culminating point
was reached about 1750, or about a century after Sivaji fust rebelled
against his Mohammedan sovereign.

Its armies drew soldiers from all parts of India. The infantry
was not of good quality; but its cavalry was really an enormous
force, numbering fully a hundred thousand in all. The horsemen
were .splendidly audacious in riding for long distances into tho
heart of a hostile country, without support, striking some terrific

blows, and then returning rapidly beyond reach of pursuit. They
could truly boast of having watered their horses in every Indian
river from the Kaveri to the Indus. If attacked, however, in a
competent manner they would not st.md ; and afterwards, in con-
flict with the British, whole masses of them behaved in a dastardly
manner. As their ambition grew, the chiefs began to organize
their troops after the system learnt from the English and French.
In this way several Frenchmen—De Boigne, Perron, and others^
rose in the Mahratta service to a position dangerous to the British.

But the hew system was unsuited to the Mahratta genius ; it

hampered the meteoric movements of the cavalry, which was
obliged to manceuvre in combination with the new artillery and tho
disciplined battalions. Mahratta elders hence uttered predictions
of military disaster which were in the end more than fulfilled.

While the Mahrattas collected vast, quantities of treasur'e and
valuables, the ordinary revenue of the confederation hardly exceeded
ten millions sterling annually. Large amounts, however, were
drawn by feudal tenure-holders, which never appeared in the public

accounts. Tlie area and population under the dominion or the
control of the confederation could hardly have been less than
700,000 square miles and 90 millions of souls.

Tho rajiid and amazing success of the Mahratta confederation
rendered it tho largest Hindu sovereignty that ever existed in

India. But it lacked the elements of .r..e greatness. It was
founded by plundering expeditions, and its subsequent existence

was tainted by the baseness of this predatory origin. With the
exception of the peshwas, its chiefs were little more than freebooting
warriors, for the most part rude, violent, and unlettered. Their
custom was to offer their neighbours or victims the alternative of

paying " chouth," that is, one-fourth of the revenue, or being
plundered and ravaged. Thus the Mahratta chouth came to have
an ominous significance in Indian history. Desultory efforts were
made to establish a civil government; but in the main there was no
administration formed on statesmanlike principles. The pishwas,

on the other hand, as Brahmans, were men of the highest education
then possible in India. But they were absorbed by the direction

of military and political combinations, and by intrigues for the
preservation of their own power ; and, even allowing for all this,

they failed to evince the civil capacity which might have been
anticipated. While several displayed commanding abilities, am*
some possessed many virtues, one only attempted to conduct r-A

administration in an enlightened manner, and ho died prematurely..

There were at the same time powers existing in India to keep t'-.^

Mahrattas in check, and it has just been mentioned that some pans
of India were excepted from their depredations. The Engmh
power was rising at Calcutta, Madras, and Bombay. The uascec^

Sikh power prevented Mahratta incursions from being permansnt!^
successful in tho Punjab. As the Mogul empire brcKe up, some
separate Mohammedan powers rose upon its ruins. The nizam o(

tho Deccan established himself at Hvderabad, comparatively neai

tho headquarters of the peshwa. Hyder Ali was proclaimed sultaq

of Jfysore in tlie south. Ahmed Shah Abdali hurst upon India

from Afghanistan. The Mahrattas bravely encountered him at

Panipat near Delhi in 1701, and were decisively defeated. Tho
defeat, however, did not essentially shake the Mahratta empire.

It was coUisioa with the English that broke that wonderful fabric

to pieces.

'Ihe first oollision with the English occurred in 17S0 ; it aro»«

from e disputed succession to the p^shwaship. The English
Government at Bombay supported one of the claimants, and the

affair became critical for tho English as well as for the Mahrattas.

It wa3 at this conjuncture that Warren Hastings displayed his

political g«ma.3 and. reudercil ujpaJ senrica to hid country.
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The nexv oollBion happened in 1 803. T''J, pjrliwa liad fallen into

cravG difficulties with some of the principal members of the

JIahratta cfinfederation, namely Sindhia, Holkar, and the Bhonsla
raja of Kagpur. He therefore placed himself under British protec-

tion, and this led to the great Mahratta war, in which the Marfiuis

A\''eUosley displayed those talents for military and political combina-

tion whioh have rendered him illustrious. It was during the cam-
paigns which ensued that General Arthur Wellesley defeated Holkar
and the Bhonsla rajaat Assaye, and General Lake won the victories

of Farrukhabad, Dig, and Laswari OTer Sindhia and Holkar. The
three confederates, Sindhia, Holkar, and the Bhonsla, concluded

peace with the British Government, after makiug large sacrifices of

territory in favour of the victor, and submitting to British control

politically. Thus the Mahratta empire was broken up. It was
during these events thatfthe British won the province of Orissa, the

old Hindustan now known as the North-Western Provinces, and a

part of the western coast comprising Gujerat.

The third collision came to pass between 1816 and 1818, through
the conduct, not only of the confederates, but also of the pcshwa
himself. During the previous war the peshwa had been the

protege and ally of the British ; and since the war he had fallen

more completely tl) an before under British protection and guidance,

British political officers and British troops being stationed at his

capital. He apparently felt encouraged by circumstances to rebel.

Holkar and the Bhonslas committed hostile acts. The predatory
Pindaris offered a formidable resistance to the British troops. So
the peshwa ventured to take part in the combination against the
British power, which even yet the Mahrattas did not despair of
overthrowing. After long-protracted menaces, he attacked the
British at Kiiki, but failed utterly, and fled a ruined man. Ulti-

mately he suiTendered to Sir John Malcolm, and was sent as a state

pensioner to Bithur, near Cawnpur. Thus the last vestige of the
Mahratta empire disappeared. The British, however, released the
raja of Sattara from the captivity in which he had been kept during
the ptshwa's time, and reinstated him on the throne. Owing to

these events the British Government became possessed of the Con-
can and of the greater part of the Deccan.

It remains to mention briefly the fortunes of each remaining
member of the once imperial confederation. The principality of
Sattara was held to have lapsed in 1849 by the death of the raja

without lineal heirs, and was annexed by the British Government.
The Bhonsla raja of Nagpur and Berar was obliged to surrender
Berar to the nizam, as the ally of the British, in 1803. Berar then
remained under the nizam till 1854, when it came under British
administration, though it is still included in the nizam's dominions.
The raja of Nagpur died without lineal heirs in 1853, and his terri-

tory, being held to have lapsed, was annexed to the British
territories. The house of Holkar has, during the last sixty years,

j-emained faithful to its engagements with the British Government,
and its "Position as a feudatory of the empire is well maintained.
In Sin(ftiia's territory, by reason of internal feuds, the British had
to undertake measures which were successfully terminated after the
battles of Maharajpur and Panniar in 1843. But on the whole the
house of Sindhia has remained faithftU. Sindhia himself was
actively loyal during the war of the mutinies. The gaekwar
gradually fell under British control towards the close of last cen-
tury, and his house has never engaged in hostilities with the British
Government. The gaekwar Khande Kao signalized himself by
loyalty during the war of the murinies. His successor, Malh^ Rao,
has recently been deposed by the British Government on account of
gross maladministration. The ex-pishwa lived to old age at Bithdr,
and died in 1851. His adopted son grew up to be the Nana Sahib,
of infamous memory, who took a leading part in the war of the
mutinies. (R. T.)

MAHZOE (litna), or Mahazoe,! as some write the

word (from the root ntn, to go round, to return),

Bignifies a cycle. The term is used by ihp Jews in a
threefold sense :—(1) astronomically, as Mahzor Katan for

the cycle of nineteen years, Mahzor Gadol for that of

twenty-eight years, Mahzor Gadol lallehanah ^ for the

Metonic cycle; (2) liturgically, for the "Larger Prayer-

Book," whether in its narrower or its wider meaning

(see below); and (3) ritually, for a book containing

religious laws and directions, as, for example, Mahzor
Vitri by R. Simhah b. Shemuel of Vitri-le-Frangais,

Mahzor Eahbenu Tarn by R. Ya'akob b. Meir of Rameru,

&C. In the first sense the plural is either Mahazoroth,^

' Targnm Yonathan on Genesis i. 14 (niTn'?')i which is the plural

of Mahazoro, and mediately of Mahazor.
* This must not be mistaken for Mahzor Qadol shd tebanah, vrhicb

consists of twenty-one years. See Pireke R, Mieier, .cap. vii
' See Pireki Ji. £h'ezer, cap, yi.

or Malizorim,* or Mahaiorin-'' in the second and third
it is exclusively Mahzorim. As most ancient prayer-
books contain more or less f'Uly elaborate " tables," ex-
hibiting calendar matter, in connexion with the fixing of
feasts and fasts and of the lescons from the Pentateuch
and the Prophets, we cannot be in doubt as to the true
cause of the application of the word Mahzor to the
" Larger Praj-er-Book." It is not applied because it is

the equivalent of the S3-riac hudn'i, as some think, but
simply because Mahzor is the equivalent of the Greek
ci/clos (ku'k\os).6

The Mahzor, meaning prayer-book, is capable of division

from different points of view. According to its contents
we may divide it into two parts,—the Smaller and the
Larger. The Smaller Mahzor contains the ordinary prayeft,

together with the poetical insertions and the lessons from
the Pentateuch and the Prophets used on the Yaynim
Noraim, or " Awe-inspiring Days " {i.e.. New Year and the

Day of Atonement), and those used on the Yamim Tobim,

the three principal festivals (Passover, Pentecost, an'd

Tabernacles). Tlie Larger Mahzor is, indeed, the only

one which really deserves this name, since it embodies the

ordinary prayers, together with the poetical insertions for

the whole year, and the lessons from the Pentateuch and
the Prophets for all feasts and fasts and the other extra-

ordinary occasions. According to its various "uses" the

^lahzor may be divided into the Eabbanite and the Anti-

Rabbanitc. The Anti-Rabbanite Mahzor comprises the

Karaite,' used by the so-called Karaites, or Scripturalists,

inhabiting Russia (especially the Crimea), Galizia (Austrian

Poland), Egypt, Palestine, kc, and the Semi-Karaite,

adopted by "the so-called "Reformed Jews" of England,

in reality the "Congregations of British Jews" of London,

Manchester, and Bradford.^ The Rabbanite Mahzor may
be divided into that of the Ashkenazim, the Sepharadim,

and the Italiani. The Italian Mahzor, though embodying

large Ashkenazic and Sepharadic elements, is yet a distinct

" use." It branches out at home into three subdivisions

—

(I) the Roman,s (2) the Neapolitan!" (now extinct), and (3)

the Italian proper ;'i and abroad into (4) the Greek Rites

of Kaffa,i= Crete, i-c. (Crete having very early received »

large influx of immigrants from France and Germany, but

chiefly from Italy), and (5) the Romanian,!^ ,• ^^ the " use"

obtaining, among others, at Constantinople and other

Byzantine cities. The Italians who, long before the ye.ar

1000, had given Jewish learning and poetry, not merely to

* See Pirekt R. MCezer, cap. vi. ' See note '^ above.

* For the sake of completeness we may mention the term ' Mahazor-

to," which occurs in the Massoreth. It is not so called, as some have

thought, because the Mahzor VitH (or, indeed, any other Mahzoj),

ever gave the text of the whole Bible. The Mahazorto was a pattern

codex of the Bible, and got its name siniply from its containing the

ajck of the sacred Scriptures,—the Law, the Prophets, and the Hagio

grapha. It (or a similar codex) is also sometimes called Mahazon

Rubbo, in contradistinction to smaller codices, which contained only

some part of the Bible. It should be also borne in mind that the

Babylonian Jews '.(as we are distinctly told of those of Nehardea)

used in olden times to read on Sabbaths in the synagogue not merely,

as nowaday.?, the Pentateuch and portions of the Prophets, but, m the

afternoon service, portions of the Hagiographa also (T. B., ShaibatA,

? See Daity and Fesliral Prayers, in 4 vols., Venice, 1528-29, 4to i

in 3 vols.. Kale, 1806, 4to; in 4 vols., Eupatona, 1836, 4to; do..

Vienna, 1854, 8vo. ,»,, lo o
8 Forms of Prayer, &c. , in 5 vols.

, ^"^o"' P"-*f '

^'"'-
, , .„

» Soncinati, Soncino, Casal Maggiore, 148&-86, Bologns, 1640.

both in folio.

" Cambridge MS. Add. 491.

" Prayers, &c., Venice, 1545, 16mo, &c
IS Cambridge MS. Add. 542.

. ir „•„. irit ia
" Prayers for the mde Tear, &c., m 2 vols., Ven ce, 1517-48^.

filio ;
Constantinople, 1573-76, folio. The «>P''' "^

^""[.fi"""' ^
tho Cambridge University Library are, so far as we know, the finest to

be found in England.
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Oermany, but to the whole Roman empire, received in tlie

14tli century numerous immigrants from northern France,^

in the 15th century from Spain and Portugal, and at all

times from Germany. The "uses" of these immigrants

are practically preserved side by side with the native

Italian to this day. The pure Sepharadic Ritual- repre-

sents, in the first instance, of course, the "use" of the

.Jews formerly inhabiting Spain and Portugal, who now

form the minority in Hamburg, Amsterdam, Manchester,

London, Paris, Vienna, Budapest, Temesvdr, Semlin,

Bucharest, Venice, Rome, and some other Italian and

Greek cities, as also in Canada and the United States,

and the majority in India, Persia, Morocco, Leghorn, Corfu,

Belgrade, all Bulgaria, Constantinople, Palestine, Egypt,

South Arabia, and other parts of the Turkish empire, in the

French possessions in Africa, and in the south of France.

Some of these, although characteristically Sepharadic, are

distinct enough to claim a ritual of their own, as those of

"Catalonia," 3 Algiers,* Tunis,^ Tripoli," TIemcen," Ceylon

and Cochin in India,^ the Comtat in France,' and Provence,

as a whole, in bygone days.^" The " use " of the

Ashkenazim," i.e., of the majority of the Jews inhabiting

Germany, the Austrian states, Hungary, Russia, Denmark,
Sweden, France, Belgium, Holland, the British empire

(India excepted), the United States, tfce., branches out

into two rituals, the German proper^- and the Polish.

This latter 1ms some differences of use between Great

Poland and Little Poland.^' The German proper had in

times past the separate rituals of Worms and other cities

in the empire, which are all now extinct. Those of Frank-
fort-on-the-Main and of other towns are not sufficiently

marked to deserve separate notice. It should, liowever,

be mentioned that there are scattered everywhere, both at

homo and abroad, " Reformed congregations," whose
separate uses and practices are more or less an imitation

of the "Temple" (Reformed congregation) of Hamburg."

' There are to tliis day tliree congregations in Italy (Asti, Fossano,
Moncalvo), winch use the ancient ritual of uortheiu France (see MS.
Add. 067, in the Cambridge University Library).

5 Seder TephiUoth, &c., Amsterdam, 1642, 16mo ; in 4 vols., 1644
;

in 6 vols., London, 1789-93 ; Jlah-.oi; &c., Vienna, 1820, 8vo.
' Mahzor, &c., Salonika, 1S63, 8vo.
* IJokhmalh Uaipmiskcn, &c., 1793; J'3np, 1823; Mahzor

Kalan, he, 1801, all at Leghorn, in 8vo.

^Mahzor, &c., Pisa, 1794; Sdihotk. 1845; Pciie Ilarajel, 1856,
oil at LCj^horn, and in 8vo.

' Siphethe Rcnanolh, &c., 2 vols., Venice, 1648, 1711, 4to, Leg-
horn, 1837 ; Kisshurin Leria'ukob, Leghorn, 1858 ; Readings, Venice,
1736, all three in 8vo.

^.ituhzor, kc, 1842 and 1861, toth at Leghorn, and in 8vo.
' Order of Prayers, kc, Amsterdam, 1757 and 1769, Leghorn,

1849, all iu 8vo.
* Or Venaissin, i.e., the four congregations of Carpeutris, Avignon,

Lisle, and CavaiUon. See Seder Ilatlamid, &c., Avignon, 1767,
Ail, 1855, 8vo

; Seder leijamiui iVoraim, kc, 1739 ; Seder Icshalosk
Jiegalim, 1759-1762, both at Amsterdam, and in 8vo ; Stdcr llalnn-
Uris, kc, Avignon, 1765 ; Seder shel yoiil Kippur, 1766, and Seder
Uaashmuroth, 1763, botk at Amsterdam, and all three iu 4to.

'° It ought not to be omitted that in the old Provencal ritual and
the South Arabian there are several points of contact existing. A
teacher or teachers must have come from tho one country and
s<'ttled in the other. Wo will give but one cxamole. The phrase,
K7D'm n^^lVscai N^npOT n'J'jaa, which occurs in tlie Path-
shegen (on Genesis ii. 1), by an anonymous author, and published by
Dr Nathan Adler, and which tho editor modestly says he has not
succeeded in finding, is in reality to bo found in the service of the
l/osha'nolh, both in tho old Provcnii'al Mahzor (Camb. MS. AiUI. 752,
leaf 2054 ; only that, instead of Nfipm, it reads NEJ-ipO n'3n)
and iu that of Yemen (Camb. MS. Add. 1200, leaf 626), though in
no other so far as we know.
" Mahzor, Pesaro, 1520, Augsburg, 1536, Venice, i567, all in

.oho
; 6 vols., London, 1807, 1824, 1826, kc, 8vo.

"Mahzor, 2 vols., Sulzbach, 1794, folio.

" Those ditrcreaces show thcnisclves first in the prayer "Elcrekh
appayim" in tho service for Mond.iy and Thursday.

'* Ordnun;i der iiJhUlichcn Andachl. ke., 1319; Seder Ila'uloiluh,
lie., botU at Uambu.'-s, aud in Sio.

Some of these have only introduced choirs, others have
introduced instrumental music, and others again have con-

siderably curtailed nut merely the poetical insertions, but the

ordinary prayers themselves, and have introduced 'hymns
and prayers in the vernacular. (s. m. s.-s.)

JIAI, Angelo (1782-1854), cardinal, well known as

the discoverer and editor of numerous ancient texts, was
born of humble peasant parentage at Schilpario, a mountain
village in the province of Bergamo, Lomba.-dy, on March
7, 1782. For the excellence of his early education; received

at Bergamo, he was indebted to a Jesuit priest named
Jlozzi, whom the suppression of the order had caused to

settle in the neighbourhood. He afterwards accompanied
Mozzi to a college at Colorno, in the duchy of Parma, where
the Jesuits had been permitted to re-establish themselves;

and there he entered the noviciate of the society in 1799.

In 1801, after the brief which restored tlie Jesuits to the

Two Sicilies had been granted, he was removed to Naples as

teacher of classics in the college there. Next, after com-

pleting his theological studies at the Collegium Romanum,
he lived for some time at Orvieto, where he was admitted

to priestly orders, and was engaged partly in teaching and
partly in tlie pal.Tographical studies for which he had
already manifested a strong partiality. The political events

of I80S necessitated his withdrawal from Rome (to which
he had meanwhile returned) to Slilan, where he assumed
the functions of a secular priest, and in 1813, through the

influence of Slozzi, was made custodian of tho Ambrosian
library. He now threw himself with characteristic energy

and zeal into the business of carefidly exploring the

numerous and valuable MSS. committed to his charge, and
iu the course of the next six years was able to restore to

the world a considerable number of long-lost work-S. With
the full approval of all concerned he now withdrew from
his connexion with the Society of Jesus, and in 1819 he
was invited to Rome as chief keeper of the library of the

Vatican. Soon after his installation there he found the

palimpsest from which he edited the De liepnllica of

Cicero ; this, probably the most important work of his life,

was followed by the publication of a vast number of

fragments of Greek and Latin fathers and historians. In
1833 Mai was transferred from the office of Vatican
librarian to that of secretary of the congregation of the

Propaganda; on February 12, 1838, he was raised to the

dignity of cardinaL In this rank he successively discharged

the functions of prefect of the congregation for the super-

vision of the Oriental press, prefect of the congregation of

the council of Trent, and cardinal librarian of the Roman
Church. He died at Castelgandolfo, near Albano, on
September 9, 1854, bequeathing his valuable private

library at half its estimated value to the A''atican, the

proceeds to be applied to the relief of tho poor of his

native village.

To the period of his Jlilancso activity belong M. T. Ciecrom's
Irium oralionum, pro Seanro, pro Tiillio, pro fluceo, paries xnedilte

(1814, from a palimpsest containing the poems of Sedulius); M. T.
Clecronis Irium oradonum, in C'lodium et Curionem, dc cere alicno
Milonis, de rerje Alaaiidrino, /ragmenla incdita (1814, from a MS.
Containing a Latin translation of tlio Aeta of tho council of
Chaleedon) ; M. Corn. Fronlonis opera, incdita, cum cpislolis, item
ineditis, Antonini Pii, ilnrci Aurelii, Lncii Veri el Appiani, itec-

non alioriim reterum fragment is (1815) ;
portions of eight speeches

of Quintus Aurclius Symmachus, fragments of I'lantus, the oration
of Isneus De hereditatc Clconymi, tho last nine books of tlie

Antiquities of Dionysius of Halicarnassns, and a number of other
editorial labours. M. Tullii Cieeronis de JiepuUiea qux sujiersiaU
appeared at Uome in 1822 ; Seriplorutn Vcteriim noia eolleclio, e

ValieaHis codieibus cdila (10 vols. 4to), in 1825-38; Classieoruni
Auetorum CoUeclio c Vaticanis codieibus cdila (10 vols. 8vo) in

1823-38; Spieilegium Romanum (10 vols. 8vo) in 1839-44; ami
Patrum nova Libliulhcca (0 vols. 4to) in 1845-53. His edition of the
celebrated Codex Vatieanus, completed in 1838, but not published
(ostensibly on the ground of inaccuracies) till four years after Iii.i

death (1858, 5 vols. Ito). is uusatisfattory and lias been superseded
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by tlic siibsoqucm magnificent eJition of Vercollono ami Cozza
(Rome, 1863), which in tuin leaves much to bo dcsirccl. Generally

sncakinf,, it may be said th:it the services rendered to scholarship by
Mai (great though tliey were) were merely those of a laborious and
persevering pioneer; as a textual critic lie docs not rank high,

I'ither for sagacity or for accuracy.

JIAIA was the eldest and fairest of the Pleiades, the

seven daughters of Atlas and the Oceanid Pleionc. Her
name marks her as tl^e "fruitful mother"; and the seven

sisters have no individuality except as the mothers of

famous families. They were all born on Mount Cyllcnc in

Arcadia, and are sometimes called mountain goddesses.

In a cave of Cyllene, in the darkne.ss of night, JIaia became
by Zeus the mother of the god llermes. Maia bears one
of the most characteristic names of the Phrygian mother,
Cybele or Ma, the goddess whose home is on mountains
and in caves ; and in a common class of votive reliefs

Hermes-Cadmilus is represented as a youth bearing a vase
standing beside the throne on which Cybele sits, ilaia

was also an epithet of the Bona Dca, who is a form of

Cybele, in Pome. Seo Conze, " Hermes-Cadmilos," in

Arch. Zl;/., ISSO.

JIAIDENHEAD, a municipal borough and market-

town in Berkshire, England, in the diocese of Oxford, 22},-

miles from London, 131 from Picading, and G from Windsor.

It was formerly called Maidaihyihc, a wharf for timber

and a wooden bridge across the Thames having existed

there from very early times. In 1352 Edward III. incor- I

porated a guild to keep the bridge in repair. In 1100 the
'

duke of Surrey and the followers of Eichard If. held the 1

bridge against the new king, Henry IV., and at nightfall

made good their retreat. In July 1017 a meeting "took

place at the Greyhound Inn between Charles \. and his i

three children. The church, dedicated to St Andrew and
St Mary JIagdalene, was originally founded by Margaret

of France in 1270, and it was rebuilt on the same site in

1724 ; but in 182t3 it was entirely taken down, and a new
church was erected at the east end of the High Street. A
church dedicated to St Luke was erected in 1807, and
enlarged in 18G9. The town contains a small town-hall,

a large hall recently erected for concerts and lectures,

schools, almhouses, and Roman Catholic, Wesleyan, and
Baptist places of worship. There are numerous charities

for the education and maintenance of poor persons. The
principal trades are in malt, meal, and timber. A fine

stone bridge across the Thames was erected at a cost of

.£20,000 in 1772, connecting Berkshire with Buckingham.
Tho scenery around Maidenhead is extremely picturesque,

and several noblemen's seats are in the neighbourhood.

Population in 1871, G173; in 1881, 8210.

MAIDSTONE, a municipal and parliamentary borough,

Jmd the county town of Kent, England, situated almost

midway between London and Dover. It lies princi-

pally on the eastern bank of the river Medway, the

modern part spreading over the western slopes of a

picturesque valley, which is intersected and environed by
orchards and hop gardens. Although antiquaries have
conjectured that Maidstone was a military station of the

Romans, few Roman remains have been found in the

neighbourhood. The Saxon spelling of the name was
Muhverjcslttn, "Jledway's town." The manor, valued in

Domesday Book at £35, 10s., had from a very early period

belonged to the see of Canterbury. Archbishop Boniface
in 12C0 established a hospital here for poor pilgrims, the

chapel of which, with modern additions, is again used for

public worship. The parish church of St !Mary, which had
e-isted from Korman times, was demolished in 1395 by
Archbishop Courtenay, who erected on the site thereof the

present church of All Saints ; he also, at a short-distance,

founded a college of secular canons, the ruins of which
are an interesting specimen of 14th century architectur;.

From the reign of .Tolin until the Reformation tlio arcb-
bishops liad liere a residence, at which Stafford and
Courtenay died

; but the existing building known as the
palace dates thieliy from Elizabefha.T times. Tiio rectory
with the manor, passed into lay hand.s at the Reformatioir
and, having been a perpetual curacy for three hundred and
twenty years, tho living became a vicarage in 18GG. All
Saints is one of the largest parish churches in the kingdom,
and contains, besides many excellent inonument.s, the richly
carved scdilia and the twenty-eight oak seats used by the
collegiate priests. The parish has, since 1837, been divided
into nine ecclesiastical districts, each with a church. The
grammar school was founded in 1519, and endowed with
the estates of the local Corpus Christi fraternity, then dis-

solved; the hall in which the guild a.sserabled still remains.
Broadcloth and linen thread, introduced by Dutch settlers,

were at one time manufactured here ; but brcwin" and
papermaking have long superseded these industries" Of
the barges trading on the Jledway, about sixty belong to
Jlaidstono wharfingers. The river is crossed by a stone
bridge of three arches, completed in 1879. A museum,
with public library attached, was opened in 1858. The
endowed charities yield an annual income of i;3000. Since
the beginning of the 17th century the Kent assizes have
generally been held at Maidstone. From Saxon times
down to 1830 condemned malefactors were executed, and
all the great county meetings were held, on Punenden
Heath, a common situated about a mile north-east of the

town, and recently enclosed by the corporation. The area

of the municipal borough is 4008 acres, of the parliamentary
borough 45 7 G acres. The population has steadily increased

during the present century; in 1801 it was 8027, in 1881
29,032.

\Vith general hi.story Jl.iidstoue has been intimately associated.
Wat Tyler broke into tljc prison, liberated John 15all, Ihu rebel
]ireachcr, and committed other depredations. Several of the Ic.id-

iiig inhabitants .joined Jack Cade's rising. Sir Thomas Wyatt,
who resided at AUington Castle, no«- an ivy-c!ad ruin a mile and a

half north of the town, raised the standard of rebellion at JlaiJ-
stonc on 25th January 1554. As a punishment for their complicity
with Wyatt, tlie burgesses wore for the next five years deprived of

their charter ofincorporation. The rising of the Kentish royalists

ill 1648 collapsed at Maidstone, where, on the 1st June, Fairfax,

after five hours' obstinate fighting, captured the town at midnight.
Anciently governed by a portreve, JIaiJstonc was first incorporated
by Edward VI., and since the beginning of Eliz.abcth's reign it has
sent two representatives to parliament. Andrew Croughton, one
of its mayors, as clerk of the court which tried Charles I., read the
fatal sentence to the king.

Sec liussell's llislortj of Maidstone, and Poste's History of tlu

Cullt(jc of All Saints.

MAIMANSIXH, or Wymexsixo, a district in the llci:-

tenant-governorship of Bengal, India, lying between 23° 5G'

and 25"^ 25' N. lat., and 89- 43' and 91° 18' E. long., with

an area of C287 square miles, is bounded on the N. by tho

Gi'iro Hills, on the E. by Sylhet, on the S.E. by Tipperah,

on the S. by Dacca, and on the W. by the river JamunA,
which separates it from Pabna, Bogra, and Rangpur dis-

tricts. It is, for the most part, level and open, covered

with well-cultivated fields, and intersected by numerous
rivers. The Madhupur jungle is a slightly elevated tract,

extending from the north of Dacca district into the Lean
of Maimansinh, almost as far as the Brahmaputra ; its

average height is about 60 feet above the level of the

surrounding country, and it nowhere exceeds 100 feet.

The jungle contains abundance of sdl, valuable both as

timber and for charcoal. During the cold season the open

parts of the jungle afford grazing grounds for cattle. The
only other elevated tract in the district is on the southern

border, where tho Susang hills rise. They are for the most

part covered with thick thorny jungle, but in parts are

barren and rocky. The .TamunA forms the western

boundary of JIaim£.nsinii for a course of 94 miles. It is
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navigable for lar^c boats throughout the year ; and during
the rniny season it expands in many jjlaces to 5 or G miles
in breadth, overflowing a considerable portion of low-
lying land. The Brahmaputra enters JIaimansinh at its

north-western corner near Kaniibari. and flows south-east

and south till it juins the Jleghna a little below Bhairab
B.izar. The gradual formation of chars and bars of sand
in the upper part ol' its course has diverted the main
volume of water into the present channel of the Jamuna,
which has in consequence become of much more importance
than the Brahmaputra proper. The }ileglui.a only flows

through the south-east portion of the district for a short

distance. The eastern and south-eastern parts of the

district abound in marshes. The wild animals include

tigers, leopards, deer, bears, elephants, and an occasional

rhinoceros. Small game is abundant.

Tlie census of 1872 retin-neil the population of Jrnimaiisinli at

^349,917 (males, 1,187,962; and females, 1,161,955),—Moliamme-
J.ms numbering 1,519,635; HiiiJus, 817,963 ; Christians, 124. Of
aboriginal tribes the most numerous are the Hajongs (2-1,936) onil

C.iros (10,997). The semi-Himhiized aborigines number in all

205,592, of whom more than one-half are Chanddls (123,262), the

most numerous c.istc in the district, employed as cultivators,

fishermen, labourers, nnil menial servants. Among high-caste

Hindus, lirahmans number 33,414. Five towns contain upwards
uf 50u0 inhabitants: — Maimansinh or NasirAbiid, 10,068

;

Jamalpur, 14,302 ; Kisoriganj, 13,637 ; Sherpfir, 8015 ; and
Dhanikhola, 6730. Ul.-ikandi or Bhairab B.izar, although with only
a population of 1500, is the most important commercial mart,
with a large trade in jute and a well-supplied cattle-market.

Rice, of which three crops are raised annually, forms the staple

food crop of the district. Other agricultural products are wheat,
oats, maize, pulses, linseed, mustard, til, indigo, tobacco, sugar-

rane, ^;ii)i, and jute. The 'last constitutes the chief commercial
ktaple. JIaimansinh suffe'-s occasioually from blights and floods,

but never to any serious extent. The chief imports are piece goods,

raw cotton, wheat, betel nuts, chillies, sug.ir, and cattle ; the exports

consist of rice, jute, indigo, reed-ra.ats, hides, brass and copper
ivtensils, cheese, glil, kc. Tobacco and muslins are also exported to

a small extent. Besides a little muslin, the only manufactures are

coarse silk cloth, sifnl])a!i mats, cheese, and ghl. Apart from the

rivers, means of communication are afforded by about 146 miles of

pood and 124 miles of inferior reads. Although the general revenue

(£166,938 in 1880-81) has more than doubled in seventy-five years,

the land revenue has remained almost stationary; in 1880-81 it

was only £75,226, excise amounting to £23,652, and stamps to

£48,680. Education in 1S72-73 was atTorded by 173 statc-sup-

povted schools attended by 6372 pupils, besides 71 unaided schools,

with 2425 pupils. Except towards the close of the rainy season, the

climate is fairly healthy. The avcmge annual rainfall is 105 inches.

MAIMBOUllG, Louis (IGIO-IGSC), a French historical

writer, was bom at Nancy in IGIO. At the age of sixteen

ha entered the Society of Jesus, and after completing his

theological studies at Rome he became a classical master

in the Jesuit college at Bkouen. He afterwards devoted

himself to preaching, but with only moderate success.

After having taken some part in minor controversies he

threw himself with energy into the dispute which had
arisen as to the Galilean liberties ; for his Ti-aite historique

tur lea prerogatives de t'EglUe de Home (1G82) he was by
command of Innocent XI. expelled from his order, but

rewarded by Louis XIV. with a residence at the abbey of

St Victor, Paris, and a pension. He died on August 13,

1686. His numerous works (exhaustively enumerated in

the Biograplde Geiierale) include histories of Arianism, the

iconoclastic controversj', the Greek schism, Luthcranism,

CaWinisni, and of the pontificates of Leo I. and Gregory

I. ; they are mere compilations, written indeed in a very

lively and attractive style, but inaccurate throughout, and

wherever matters of controversy are touched on, specially

untrustworthy.

MAIMONIDES (1135-1204). Among the great men
to whom Jlohainmcdau Cordova ^ has given birth—and

'Hence he is called "Al-Kovtubi" (and not al-Kordovi, or

Hikordovi) by Arabic writers, and " Hassephardi '' by himself (preface

to lliihneh Toruh).

these are not a few—the greatest is unquestionaUy P,ab-

benu Mosheh b. Mairaun - Haddayyau.' Like the lives

of so many great men, that of this " last of the Gconim as
regards time and the first of them as regards wurth " * is

surrounded by a halo of fables, some of whicli, though
fictitious, are instructive in many respects, whilst others

are telling in dramatic efl'ect and touching in the extreme.
Some of those fables, however, are merely amusing, whilst

others are simply ridiculous.^ The present article confines

itself to facts and a few criticisms founded on them.
"Bambam," or Jfaimonides, was born March 30, 113.5,

and died at Cairo, December 13, 1204; consequently he did

not quite attain the age of seventy,'''—a short space of life,

when we take into consideration all the work he did for

his contemporaries and all the works he left to posterity.

Like many other great and conscientious rabbis of all

times, who considered it a sin to make of religious learning

a means of gaining bread, Maimonides adopted the medical

profession. That ho must have greatly excelled in it is

not merely known by the medical works he composed, but
is best testified to by the fact that, although a Jew (and

the times and the country he lived in were certainly not

more tolerant than ours), he held the lucrative and im-

portant office of court-physician to Saladin of Egypt.

Maimonides was master of Greek-Arabic philosophy, as

maybe seen from his Technical Terms of Logic,' his Guide,

and his other works. That he was a mathematician and
astronomer of no mean standing appears from the Jlaamar
Haibbur^ (calculations of the calendar, which he wrote at

the age of twenty-two), the Ililelchoth Kiddush Hahodesh
(in the book Zemannim of the Mishneh Torah), and the

commentary on T. B., Rosh Ilasshanah. That he was a

great Talmudist we know from his commentary on the

Jlishnah and his chef-d'«nvre the Mislineh Torah. That

he was, as philosopher and theologian, a profound thinker

we know from his Guide of the Perplexed and his other

•works. To sum up in a few words the merits of

Maimonides, we may say that, with all the disadvan-

tages of the times in which he lived, he was the greatest

theologian and philosopher the Jew's ever produced, and

one of the greatest the world has seen to this day. As

a religious and moral character he is equalled only by a

few and surpassed by none.

The works of Maimonides were composed by liim partly in

Hebrew and partly in the vernacular Arabic,—a portion of the

latter eing translated into Hebrew by himself.

I. Works composed hy Maimonides in Hebrew.

1. ..lishnch Torah, i.e., the systematic codification of the whoU
of the Jewish law, as it is to be found in the Bible, the itishnah,

Tosephla, MeUuIla, Si2ihra, Siphre, both Talmudim,i]icS/Kctloll-,

Halakhoth Gcdoloth, the Jicsponsa of the Geonivi, the ffitckholh.

Kab Al-phcsij &c. This work is drawn up in fourtem (T '= YatI)

' From the initials of his n.ame, with "R" (for "Rabbenu") pre-

fixed, and his father's name with " B" (for son of) prclixert, the Juws

call hint RaMBaM ; among Christians ho is, more Crxco, called

Maiiiwiiides, from his father's name Maimiiii or Maimoit.

' See end of the ccmmeutary on the Mishuah (" Ani ilosheh bar

Maimun IladJayyan ").

* So Maimonides is designated by the famous Enbonct Abiam (or

Yeda'yah Happenini Bederesi, i.e., of Beziers) at the end of his

Hehinath 'Olam.
» WTioever v,ishes to know more of these fables may gratify his

desire, if ho knows Rabbiuic, by reading Ibu Yahya's ShahheUth

llakkalbaluh ; if he understands Gemiaii, by reading Jost's GeschiclUe
;

and: if ho understands only Euglisli, by reading Beuisch, Two Lectures,

kc, London, 1847, 8vo.

' Note at the end of the author's commentary on T. B., Jiosh

Ilasshanah, by his grandson R. David (Ilallcbannn, ii. p. 60).

' This work was translated from the Arabic into Hebrew by R.

Moshch Ibn Tibbon, and printed for the lirst time at Venice, 1550,

4to. The third edition (Frankfort-on-thc-Oder, 1761, 4to) has a com-

mentary by Mendelssohn.
« See the collection Dibere Tlakhamim (Melz, 1849, 8vo), p. 23.

The translation is by P.. Moilieh Ibn Tibbuii.
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books, wiili .1 view 10 wliich fact and to tnc au.v.or snamo(/Vos/if70

ndiniring and grateful posterity called it, from Dent, xxxiv. 12,

Haytjad Ilahataknh,—a title which has eclipsed, if it has not

actually superseded, that given to it by the author liimself. Great

has been the success of this work. If JIaimoniJes has not suc-

ceeded in suiwrseding by it the Babylonian Talmud {as some

think was his purpose'), he has certainly succeeded (probably

agaiust his will) in making f it a second Talmud of Babylon

in the Talmudic acceptation of this term.' The il/iViiicA Torah

has become an arena of endless, though happily bloodless, strife.

It is to this day a place of tournament for all Talmudists. The
hundreds of folios on Habbinic literature, written since the author's

time,, constantly draw the Rambam,' naturally or artificially,

into the discussions they contain. To clear np a difficult liam-

ham, or to " answer a Hambnm," i.e., to remove an apparent

difficulty in the Muhnch Torah, is tho great teat of the tituess

or learning of a rabbi to this day. Moreover, all Senharadim

have received its dicla, though only cum grano, whilst the

congregations of Arabia (as those of Yemen and others) not

only live absolutely according to its teachings, but have actually

neglected the study of the Talmudim through it The work

itself is to be found in MS. in numerous libraries (probably

one of the oldest MSS. lying in tho University Library of Cam-
bridge, Add. 1561). Printed editions aio also numerons, some
without "strictures" (Uassngoth) and without a conimcutarj-,

others with tho "strictures" of the great r.ibbi * of the little

town of Pes.-iuiers (in Pjovencc), others with commentaries varying

from four to eight, and even more. The earliest edition, which
lias neither place nor date, appeared somewhere in It.ily, about

1480; the second at Soncino, 1490; tho third at Constantinople,

1509 ; tho fourth, fifth, sixth (with the Scphcr Ha mmisrolh, &c.),

and seventh editions at Venice, 1524, 1550, 1550-51, and 1574-75
respectively; the eighth (with the Anticliristiana) at Amsterdam,
1702-3, all in folio ; the most recent and incomplete edition being
that of Leipsic, 1862, 8vo. The Mishnch Torah stands, and has

stood for centuries, even among non-Jews, in such respect tliat

"parts of books" {IlnlaUioi/i) have been rendered into other

lauguages, notably into Latin. Extracts from this work have been

translated into English by the late H. H. Bernard of Cambridge
(Cambridge, 1832, 8vo) and E. Soloweyczik of Poland (London,
1863,'8vo).

2. Commentary on the treatise of Ilosh irassJuinaJi according to

the Babylonian Talmud. ^Ve know from Maimonidcs himself that

he commented on almost the whole of the second, third, and fourth

Salarim and on one treatise (KuUin) of the fifth Seder of the

Babylonian Talmud. But of all this none but his Eosh Hasshanah
has been preserved. This cornmentary is extant in four MSS., one
of which, however, is a mere transcript, whilst two of the others

are imperfect. The only edition existing (//mZ/cJajioii, ii. p. 61, &c.

)

is from these imperfect MSS. The one perfect MS. copy known to

us is preserved in the University Library of Cambridge' Add. 494).

3. Some of the numerous letters ascribed to Maimonidcs. These
are inextricably mixed up both with letters written by him in

Arabic and translated by others into Hebrew, and with letteni

addressed to him by others.

4. Religious poetry. There is a short liturgical piece (it is

recited on tho first day of New Year by tho Arabic-speaking Jews
of Algiers, Tunis, &c.) which begins Eth Sha'are Jiat:on, and
which bears the acrostic Ani Moshch hirihhi Maimon Jlazak. It

is an '"Akedah." But because there is a composition of the same
nature and berinning, but of greater length and by another author
fAbbas Yehudah Shemucl), this is, in contradistinction, called

'.:i'iccdaK Kciannah. Since the name of Moshch, however, is com-
mon among all Jews and that of Maimon among those of the
Jiaghrib (see Schiller-Szinessy's Cambridge Catalor/uc of the Hchreio
Manitscriyts, ii. p. 23, note 2), this little poem may, perhaps, be-

Icig to another (and inferior) rabbi of this name. If it really

does belong to our Maimonidcs, we have a key to his contempt for

the litur;;ical poets.' Being a poor poet liimself, he judged them
by his own merits, or rather flenicrits.

IL Works composed by Maimonidcs in Arabic

1. The commentary on the whole Mishnah. The author began
this work whilst yet in Spain, continued it on his flight through
Morocco, and finished it at his ease at Fostat (Cairo). The merit
of this work is that the author explains therein the Mishnah in a
very lucid and brief way ; and, having privately digested the Tal-
raudical controversies regarding each paragraph, he gives the result

' Luzzatto, Keren), Itemed, iii. 67. = T. B., Si/nhedrin, 24a.
' So this work is commoplK and especially called from the author's

name.

* Ji. Abrakam Ben David' (Raiad) was the author's contemporary
and the only literary man who ever conquered him according to his
own confession.

* See introduction to the Sej,„er Uammifi'nilu

of it in the decision of the nahlhaJi. But this work has also its

demerits. (1) It is occasionally incorrect in itself. (2) Being

to most Talmudists accessible only in a translation, which they

cannot gauge, the smalKst clerical error produces confusion. (3)

Xor were all the translators equally qualified for their btsk. Some
were good Talmudists, but imlilferent Arabic .=c!">'ars ; some were

good Talmudists and good Arabic scholan, but ".i^t fine Hebraists.

(For the translators see Schiller-Szinessy, iit supra, ii. pp. 16, 17.)

2. The Scpher Ilammisroth is a preliminary to tnc author's

masterpiece, the MiJinch Torah. This small but important

work has been twice translated,—fint by R. Moshch Ix Shemuel
b. Yehudah Ibn Tibbon (Tabbon f), and (f :ondlT by R. Shelomoh
b. Yoseph Ibn Aiyiib. The former translation is known by printed

editions • and the latter by MSS. Ibn Aijiib's, though less

known, is the more correct translation. There is a copy of it in the

University Library of Cambridiry (Add. 676, 2).

3. But the most important and most learned and to us the most
interesting of Maimonidcs's Arabic works is the Guide of the Per-

plexed (Dal^latn '1-Hairin in Arabic, and March Hannchokhiiii in

Hebrew). It is the result of deep research in Bible and Midrash on

the one hand and iii Greek philosophy, as interpreted by Aristotle

and hia followers, together with various religious systems, on the

other. The purpose of its composition and publication was to

reconcilo Jewish theology with refined heathen philosophy.

Maimouidos deservedly held Aristotle in very high estimation ; hit

traduceis, however, said that he placed him in the Guide next

to, if not above, Moses. No wonder, then, that religious Jews of a

certain type in tho Jiuthor's lifetime took ofl'cnce both at the book
and the author. But serious warfare broke out only after Maimoa-
idcs's death, which r.iged for more than a full century, and is not

entirely extinguished even at this day. His followers, chiefly in

Provence at the end of the 13th and tho beginning of tho

14 th century, some of whom had only eyes for the master's nega-

tions and none for his affirmations, declared the whole history ol

tho Bible to bo mere symbolism. Abraham was, according to

them, tho Jlorphe, Sarah the Hyle, and so forth.' Thcje absurdities

were considered by the religious as higlily irreligious, and provoked
active opposition and even excommunication. These, in their

turn, provoked again the strong renioustrauce of the moderate
middle party and the ultiniato cxcommuuication of the excom-
municators by tho •ixoommuiiicated. But long before tliat time

the Guide had been publicly Inirncd,—an act quite un-Jewish, but

in nnison with an age which had more faith than knowledge, and
which, dwelling in darkness, hated tho light. People in our days

cannot understand this ; they cannot understand the fierce oppo-

sition to the Guide, and much less the attachment to it. They
ask. Is this the great work of the great Maimonidcs ? These ex-

planations of the Scriptures we have long ago outgrown, and the

philosophy it contains is not worth mention oy the side of that o'

Schelling, Fichte, and Uegel I But the fact is that, if one wishei

to form a proper estimate of this work, he tucst not T^icrtly read it,

but earnestly study it. Then again, its contents must be viewed
historically, i.e., both in connexion with the theological and philo-

sophical systems of past ages and with the influence it has exercised

uninterruptedly from the time of its appearance down to almost
onr own days.* Isolated portions of it may have become antiquated.
The symbolism of tho Pentateuch and the meaning of the words of

the prophetic books and Hagiographa m,ay be clearer to us than they
were in the author's time, by reason of our discoveries in science, our
progress in philology, and our knowledge of history. Our know-
ledge of Greek philosophy may be much greater than Maimonidcs's
was, owing partly to our acquaintance with the original writings of

Aristotle and others, accessible to Maimonidcs only through a trans-

lation of a translation, and partly owing to our collation of numer-
ous MSS. , by which the errors are rectified of the copies from which
tho first translators made their version,—a rectification by which
parts of the foundation and of the superstructure of the March go
down at one and the same time. But, when all this is considered,

ihc Guide still remains a great work,—a product, indeed, of the
Middle Ages, but truly immortal.'

^ The first edition appeared without place and date, bnt ConstaDtl

nople about 1516, 4to.

' See Schiller-Szinessy, Catalogue, it, i p. 3S«, notes 1 and 2.

' Moses Mendelssohn, for example, became one of tho greatest

philosophers of his day through studying the MorrA.
' This book was till within the last few yean known only through

the translation of R Shemuel h, Yehudah Ila Tibbon, which has been
printed numerous times, the editio princept being without place or

date, but somewhere in Italy (Bologna !) beroie 1480. There is, how-
ever, also another translation from olden times in existence. It is by
the famous K. Yehudah Al-Harizi, and has been edited by Schloijsberg

(i., Loudon, 1851 ; ii. and iii., Vienna, 1874 and 1879 respectively,

all in 8vo). The late S. Munk has, however, surpassed in correctness

both his predecessors in his Guide dcs £garis, which contains tha

Arabic original with a French translation. It appeared at Paris

I 1856-66. in 3 voU. Svt
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4. Jicspoiisa anil other letters (Tcshuloih Sliccloth vc-Iggcroth).

Those do not belon" exslusively to Maiinonides. Tho first edition

camo out witliout jilace or date, but at Constantinople about 1520,
folio.

5. Hcsponsa (printed under the title Peer JIaddm) translated ty
R. JlordekUai Tammah, Amsterdam, 1765, 4to.

III. IVorks composed by Maimonidcs in Arnhic and translated

into Hebrew bij khnsclf.

1. Tlie commentary on tho Jl/ishnah of the whole Seder Tohoroth.

As is wi-11 known, tlio translation of this Seder has been hitherto

regarded as anonymous. But the writer of this article has shown
in the Cambridge Catalogue, ul sujira, ii. p. 17, note 2, the high

f)robability, amounting to amoral certainty, that nobody else could

lave been, and that Maimonidcs himself must have been, the
translator of this Seder, which more than any other denuiiiUed the

three necessary qualifications of a good translator.

2. The letter on the sanctification of the name of God {Tcjrjereth

Hasshcmad, on ihtamar Kidditsh Uass/ieni^). Althougli the proofs

which one can adduce for the translation by the author himself of

this treatise arc not so telling as those in the case just mentioned
before, the moral certainty is not less. The treatise details (1)

how much a Jew may yield, and how much he must resist, if

forced to embrace another religion, and C2) that Jlohammcdauisn,
is not aheatheni.sh religion. It is generally held, though not quite

conclusively proved, that Maiinouiiles wrote this treatise pro domo
sun, he and his family having been themselves forced to enibracc

Mohammedanism during tho persecution by Ibu Tainiirt. It

ought to be borne in mind that tlie Jews generally look upon
Christianity and Mohammedanism .as having each taken a largo

.share in their motlicr's (Judaism's) inheritance, and that, whilst

the former looked more for her moral, the latter coveted her doc-

trinal possessions. Since morality, however, consists more in

negatives than positives, and since doctrines are more openly
challenged and openly avowed than morals, the JeW5 lia^'t. always
manifested less repugnance to profess, under iiressure, Mohammed-
anism than Christianity.

There are other works both in Hebrew and in Ai'Sbic extant by
our author. These relate mostly either to ritual affairs, and consist

of letters to various rabbis, and colleges of rabbis, notably in the

south of France, to congregations in Yemen and elsewhere, or to

medical matters, and consist of short treatises, such as aphorisms,

&c., but do not come up in interest to the great works already

named. (S. M. S.-S.)

MAINE, a province of France, was bounded on the N.
by Normandy, on the W. by Brittany, on the S. by Anjou
and Touraine, and on the E. by Orleanais; along with the

northern part of Anjou it is now represented by the depart-

ments of Sarthe and Mayenne. Together with a portion

of Perche which was conterminous with it on tho north-

east, and tho countship of Laval on tlie west, it constituted

a great military government, of which Lo Mans was tho

capital. Before the Roman conquest Maine was held by the

Aulerci Cenomani, whence probably its name. Le Stans,

a great city, was connected by tho conquerors by good roads

with Chartres, Orleans, Vendorae, Tour.';, Angers, Jublains

(capital of the Aulerci Diablintes, inhabiting tho western

portion of Maine), and Sees. Under tho later Caesars tho

Cenomani became almost independent, and joined tho

Armorican republic. Christianity was first introduced in

the 3d century by St Julian, first bishop of Le Mans.

Down to tho time of Hugh Capet the bishops were the

real rulers of the country ; but in consequence of tho

incursions of tho Northmen, who came up tho Sartho and
Mayenne, tho erection of strongholds became necessaiy,

and Hugh Capet made the countship of Maine hereditary

in the person of Hugh L One of the descendants of tho

latter, Count Herbert, having acknowledged the suzerainty

of William, duke of Normandy, tho people of Le Mans
availed themselves of tho absence of the Conqueror in

England to rise against him, and were ultimately succe.'is-

ful in gaining their freedom. Maine became united with

Anjou by the marriage of its heiress with Fulk of Anjou,
father of Geoffrey Plantagcnet. Henry II. of England, tho

son of Geoffrey, was born at Le Mans. On the confiscation

of tho estates of King John, Maine passed to Philip

Augustus of Franco ; by . Louis IX., the grandson of

' See Gciger, Moses b. Maimon, Breslau, 1850, 8vo.

Philip, it was handed over in 1245 to Charles, count of
Provence, afterwards king of Naples; and in 1328 it was
reunited to the domains of the crown by Philip of Valois,
who was count of Maine. It was again separated by his
grandson Louis of Anjou, the brother of King Charles V.
During the Hundred Years' War, Maine was a continual
battlefield ; the English were at last driven out by Dunois,
who took possession of Le Mans in 14i7. In 1481, on the
death of Charles of Maine, the last scion of the house of
Anjou, Maine was again united to the French crown by
Louis XL The province suffered much during the wars of
religion ; its strong places were dismantled by Henry IV.
and Piichelieu. At the Eevolution the troops of La
Vendee entered Maine, and took possession of Laval,
Mayenne, and Le Mans at the end of 1793 ; after they
had been defeated by the republican forces under Marceau
and Westermann, their place was taken by the Chouans

;

and the pacification of the province, begun by General
Hoche, was not completed until 1800. Towards the close
of 1870 the second army of the Loire, retreating before the
Prussians, was reformed in Maine, and in the neighbour-
hood of Le Mans one of the last great struggles in the
Franco-German war took place in January 1871.

MAINE.

MAINE is the northeastern State of the Union. It lies Plate V.

between 43° 4' and 47° 27' 33" north latitude and
between 66° 56' 48" and 71° 6' 41" longitude west from

(ireenwich. Its extreme length, north and south, is 302

miles and its greatest width is 285. (Quebec bounds it on
the north. New Brunswick on the east, the Atlantic ocean on

the south, New IIam])shire and Canada on the west. It has

an area of 33,500 square miles; aboiU 4,000 square miles are

water. Maine was settled in 1621, and admitted as a State

into the L'nion in 1820. It is the largest of the New England
States.

Topography.—The surface of Maine is much diversified.

The Appalachian Chain crosses the northern part of the State,

running through .\roostook and Piscataquis counties, forming

|iart of the boundary line, on the west, between Maine and
(Quebec. The mountains do not form a continuous chain, hut

ap])ear in patches or i.solated peaks. This is the "lake region"

also of Maine. The coast is for several miles inland low, flat

and nnirshy, usually unfit for cultivation. Mount Agamenticus,

Mt. Desert and the ( 'amden Hills are exceptions, and present

a rugged shore. Mount Agamenticus is 670 feet above the

sea level, Camden Hills, on the Penobscot Kiver, about 1,500

feet, and Mt. Desert 2,S00 feet. The northern portion of

the Slate, from the A))palachian Mountains, slopes gradually

down to the valley of the St. .John Kiver, which for some
distance is the botnidarv between Maine and New Brunswick.

('iia.fl.—Maine is deeply cut and indented by bays and in-

Ut.s, which gave her a coast line of 2,500 miles. The actual coast

line, however, measured in a straight line would be 225 miles.

This shoreland is remarkable, being battered and frayed by

sea and storms, and worn by Arc;ic currents, and as Dana
suggests, by glaciers, which ])lane off the shore, making these

iinuunerable fiord valleys. At an average distance of about

three miles from the main land stretches a chain of more than

300 islands. This coastt line in its .stretch of sea line, its

beauty of .sea and land, of island, inlet, bay, river and harbor,

suriiasses any other equally extensive jKirtion of tlie .\tlantic

coast, and has been compared by travelers of diflerent countries

with the famed archipelago of the .Kgean Sea.

These islands, on the west, are low, wooded and grassy to the

water's edge, but rising eastward, through bolder ones, culmi-

nate in the crowns and clitls of Mt. Desert, and the still nu)re

rugged island about t^uoddy Head. Behind these are Imrbors

aiul river mouths, convenient and spacious enough to lloat

the navies of nations. Somes' Soimd is probablv the most
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cuuiniodioiiK and advantageous po6iti( - tor a naval station

for the rnited Stales on tlic whole Atlantic coast.

In lMti9 an ellcirt w!ls made to draw the attention of the

government to thi> important fact.

Mountaim.—Mt. Katahdin is the highest point in Maine.

It is in the center of the State, and 5,;iS.5 feel high. Mount
Abraham, in Franklin county, is 3,400 feet high. Mars Hill

marks the entrance of the .\ppulacliian Mountains into Maine,

from New Krunswick; Mt. lUue, .Mattatuck, Saddhliack and

Bigelow arc prominent peaks of the range. Maine, however,

should be considereil hilly rather than mountainous, and rnll-

inp- rather than rough. The higher peaks are not wooded

on the to]>s and are u.suallv conicjd in .shape. The country

to the north of the .Vppalachian Peaks slopes gently to the

northea.sl. The highest part of the State is the ri'gion of the

White Mountains, where the extreme elevation is about 2,000

feet. From this it falls otf to about (iOO feet on the east.

Tlie southern part of the State slopes to the south from the

Appalachian MounUiins, so that it may be said that there are

two general drainage slopes. The C(.>uise of the rivers in the

northern part of the State is northeast, following the general

direction of the land slope and running at right angles to the

strata of the rocks, a-s do also the larger rivei's .south of the

Appalachian watershed. The rivers in the south How to the

southeast. The peculiarities of the rivers of Maine lie iu the

fact that all those which How toward the ocean have broad
valleys, and either find their source in lakes or spread them-
selves out into such bodies of water. The lakes are usually

f<iun<l in grouj>s and are drained by the principal rivers or

their tributaries.

The I'enobscot River is one of the chief rivers of Maine;
with its tributaries it drains one-third of the entire area of

the state. I'amadumcook, ( hesuncook. Caribou, and a great

many lakes liud their outlets through this river. TheSacoKiver
rises at the altitude of 1 ,S90 feet, and drains several lakes,

emptying it.self into the Saco Bay. The Moosehead l>ake, and
a long chain of smaller lakes discharge their waters through
the Kennebec River, which flows nearly south, through a

broad valley, and linally empties through several mouths into

the ocean. The St. John Kiver, in the north, has nearly a

hundred lakes of varying size for which it is an outlet. The
total water area of the State is ,'),.')00 square miles. Indeed,

the water power of Maine is mighty and exhaustless. It is

iLseful, available, controllable and constant. The land, after

many vici-ssitudes of elevation and subsidence from the ocean

level, by one of which (according to Dana, 1.S7-T) the Labra-
dor current wa-s turned aside by the closing of the straits of

Uellisle and a union of ISewfoimdland with the continent was
elieeted, lift.s to a mean elevatiim of 'iOO feet above sea level

more than 1,600 lakes. Walter AVells, in his "Water Power
of Maine,'' estimates that the great rivers in their descent to

the sea vield a gross total of 6,(J0O,000 hoi-se jiower—a power
equal to 80,000,000 men.

Laken and Harbors.—The mountains, scattered as they are

and forming no really continuous chain, atiiird abundant and
extensive basins for the waters to spread out in wide bodies

or lakes. These lakes cover an area of about 2,S00 square
miles, .and form one of the plea-^ant and distingtiishing features

of this New England Slate. Their mean elevation is 600 feet

above sea level. Raugeley Lake is 1,.311 feet above, and is

the source of the Androscoggin River. Moosehead Lake,
rfiief source of the Kennebec River, has an elevation of over
1,000 feet. This lake is the largest in Maine. Its length is

3.5 miles, taken at the extreme point.s, and its width 10 miles.

The St. John River finds its source in Chamberlain Lake, 925
feet above the sea. Mo.st of the lakes lie in the va.st counties

of Piscatacpiis and Aroostook. They are as yet outside the
line of civilization, in the heavy timbered regions and forests.

They are nearly all connected with the great rivers of the State,

forming a most complete drainage and irrigation system.
As might be exjK'cted in the deeitly indented coast, there

are a great many good bays and harbors. Among them are
Casco, ."^aco, Sheepscott, I'iscataqua, I'enobscot, Pa.s,samaquoddy,
Machia.s, (^uohog, Fren-Jiman's, behind Mt. Desert, Muscongiis,
Kennebunlv Port, and many others all along the coa.st. There
are fourteen customs districts in Maine. There is quite a large

amount of foreign trade, both of exports and import.s, and trade
with New Brunswick and Canada and the coastwise trade with
the states .south.

Ger'nijy, Minerals and Soil.—The many geolo<^cal disturb-

ances to whicli Maine has been subjected, the upheaval.s, fold-

ings and faidts in the rock strata, make it an exceedingly
interesting State, from a geological point of view. 1 )ana (p. 561.
eilition of 1N7;">) has an interesting note on the famous Indian
shell heaps, and the (pialiog and oyster of Maine. The forma-
tions of Elaine are among the oldest, belonging to the tlozoic

and Silurian periods. The strata which have been tilted up
in every position are of the crystalline melamurphic roclcs.

Fos-siliferous rocks occur ii, s(mie places in the interior, and
among the Pliocene clays, which are found beneath the drifl,

near the sea. Much of the State has been scattered over with
this drift from |iassing glaciers.

There is a belt of granite running the entire length of the
seacoast, where ai-e found many line granite quarries, (iranile

also forms the priucijial outcrop in the western i)art of the >State.

In the region of Pa.'vsamaquoddy May are found outcrops of

the old red sandstone, .\i-gillaceous slates, useful for rooting
or for writing slates, are Ibund along the Piscataquis River.
Between the Kennebec and Penobscot Rivers are found ledges
of maible, tit lor building purposes, and among trap dikes in

the .slate, (piarries are formed of galena and red hematite.

There is al.so a bed of hematite in Aroostook county, and iron

of very pure variety is fomid in quantities sufficient for indus-

trial purposes near the Katahdin .Mountain. In the region of
the larger lakes there are frequent outcrops of the Devonian
and lower < arboniferous strata. Syenite t)ccurs along the
coa-st, exhibiting it.self in many beautiful varieties. The
granite on the coast is much liner and more fitted for work-
ing, as a general rule, than in the west. It occurs in all

combinations, njaking all coloi-s and varieties. The ingredi-

ents, feldspar, quartz and mica, occasionally occur in veins
or mixed so c arsely in the granite that they are easily sepa-
rable. Limestone is found in the interior and in the north, in

the Aroostook region. Many of these crystalline limestones are
tised for making lime and are found to be immensely valuable.

The principal minerals of Maine are thus found to be of eco-

nomic value to the State and form a great source of wealth.

They are granite, liniestime, slate, marble, g-alena and iron.

The precious minerals are very rare. (Jold has been found,

but not in qiiantitii's sufficient for mining. Several colors of
tourmaline are found, also garnets and berj-l.

The drift from glacial action spreads over the entire State

and forms the body of the soil, which in consequence is rocky
and generally sterile in the mountain regions ; the valleys, how-
ever, are fertile. In the northern part of the State are swamps
Idled up with a heavy growth of cedar trees. The seacoast is

also sterile and does not repay cultivation. About three-fifths

of the State is yet covered with forests. But the lake beds
and river bottoms are fertile and quite rich in alluvial soils.

Clays of tlie 'M hamplain epoch '" are found in tbe south of

Maine; these contain fossils which indicate that Maine had
once a much colder climate than now, as the forms of life here
represented are found at the present time only in .\rctic seas.

Climulr.—The climate is usually favorable to life, the sea
winds bring salubrious airs, and the drainage banishes malarial
taints.

The decided change of climate between the region north of
Cape t od and that south of it is often noticed. The cape, in

fact, appeal's to be the index of the dividing line of two zones.

The nature of the climate of Maine inclines more to the
countries north of it than to the States .south of Cape Cod. The
reason given by Dr. Kohl is that the .\rctic current branches
oft' and circulates in the gulf of Maine, while the warm giil

stream tenqiers the airs <if the more southerly New ICngland

shores. The summer heals are ti mpered by the sea breezes

and the north winds. The extremes of heat and cold are about
100° in sunnner and 30° below zero in winter. The average
summer heat is Ii2..")°, winter 20°. The prevailing disea.se is

that connected with the respiratory organs. Twenty-seven per

cent, of the whole mortality is the result of this disease in some
form.

Government.—The governor of the Slate is cho.sen by a major-

ity of the votes. His term of office is for two years. When ne
election occurs, the house of representatives sends up two
names to the senate and the senate elects the governor. No
person holding any office under the I'nited Stales can hold the

office of governor. He must be a citizen of the I'nited States,

five years a resident of the .State and at least thirty years old at

the time of election. In case a vacancy occurs, the preside nl of

the senate becomes governor. The governor is assisted by a

coimcil of twelve, and they with the eovemor appoint the judi-

cial officers, except judges of probate, municipal and police
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>jiirt.s. The governor nominates the coroners, subject to con-

firmation by the council. 'I'lie legislative department con-

sists of !i senate anil liuii.se i f rcpicsenlatives. Senators are

elected annually. They must be ;it lt'a.st twenty-live years old,

citizens of the United States and for one year citizens of the

State and three months resident of their district. Keprescnl-

atives must be at least twenty-one years old. There are tliiiiy-

one seiiatora and I'M representatives. The judiciary department
consists of a supreme court of eifrht members, appointed by the

governor for seven years; onejudi^o of (umberlaiid county,

appointed by the governor for seven years ; a judge of probate

court, one for each court, elected by the peoplefur four years ; a

judge of municipal and police court.-, elected by the ]ie('plo for four

years; justices, wlio.-^e jurisdiction does not exceed $20, are a]i-

pointeil by iJie council and g<ivernor for seven years. Every
male citi/en of the United .States twenty-one years of age or

over and lor three months a resident of the State, can be an
elector in the town where his residence is established, except

paujiers, Indians not taxed and persons under guardianship.

Population by Countius.

The .State
AudroscogglD.
Aroostook , . .

.

Ouinberland.

.

Franklin
Hancock
Kennebec
Knox.
Lincoln
Oxford
Penobscot
Piscfttatiuia
.Sagadahoc
Somerset
"Valiio
^Vashington
Vork

1890.

4S
4'.l.

911

17
:<7

:ii

21

M
71

1(:

19,

32
27
44
62,

.0.%

,91 ;s

,,>s9

,949

,ijr>.i

,312

.1)12

.47:'.

,996

")S0

.86,')

,i:{4

.4,')2

.627

7.59

.4S2

,829

6tS.9:W
4,'j.lH2

41.700
S6.;>59

IS.I.sil

:«.I29
53.0.58

32.803
24,821

32,627
70,476
ll.,S72

19,272
3:l,:«3

32.463
44,4K4

624457

626.915
3,5.»ii6

29,609
82.021

18.807

:iii,19,>

.53.203

3I).S23

2f>,597

:«.4MS
7,5. 1,58

14,4 1

«

1S.S03

:i4,611

.34 .,522

43.343
60.174

The population of the leading cities for 1890 was:

A:'burn 10,527

A URusta 10.250

Bangor 19,103

Bath 8.213

Belfast 5,291

BlUdeford 14,443

Brunswick 6,012
Calais 7,290
I.ewistou 21,701
Portland 36,425
Kockland 8.174
Saco 7,075

Eihimtinn.—According to the law of 1887, all children be-

*.ween llic ages of eight and fifteen yeai-s are i-eipiired to attend

school each year for at least Ki weeks. Cliildren who have
been (uruished for a like period of time with instruction ecpial

to iliat of the public schools, are exempt from the requirements
of the law. The high schools are becoming more and more an
essential part of the public school system, and they are already

doing a very important work in furnishing a large and con-

Btanfly increjusing number of teachei's for the common .schools.

The school funds are divided among the schools in proportion

to the number of (lupils in each district; in this way, thinly

popul:iled districts receive only money enough to maintain a

Bcliool for a very short time, while populous districts are the
favored ones and receive almost more than they need. The
legislature of 1SH9 enacted that after August 1st, IS',10, the
pupils should be furnished with text-books at the exjiensc of

their respective towns, (ilies and towns were authorized bv
the .same legislature to raise money to support evening schools.

School age for free attendance is 4-21
'* " compulsory attendance 6-16
" ** distribution of funds 4-21

The .school revenue for 1887-1888 was ?1,007,226 raised
from the following sour««: From pernuinent funds and
rents, $2<i,(i02; from Slate taxes, .$.'!(i4,.")'.tO: from local taxes,
f67f),0;M. The expenditures f(U- the year were as follows : For
sites, buildings, furniture, libraries and apparatus, ifi;i:?,7(;i

;

B:ilarie.s of superintendents, $;?3,287 ; salaries of teacher-, i^710,-
000; other expenses, $;«1,8.')0. The valuation of all scliocil

property for I.S8t)-lHH7 was |!2;tt,.")il'.t,.S,ss
; value per capita of

total iiopulation, $^t;.5. There arc llourisliiug evening .sclionis

at Biddcford, Lewiston and Watervillle. The total enrollment
for l.s;,S7-IHH.S was about .SOO, employing 111 teachers. There
are in Maine live public normal schools.

Number graduated 1887-1888 128

,.
," , ,,,

"
,

since opening 1,582
\aUie of libraries $6,240
Value of grounds »nd buildings

, .$9'ilu00

There are two colleges for the higher instruction of women,
one at Deering and one at Kent's llill. The former is under
the direction of the I niversalists

; the Wesleyan Seminarv, at
Kent's Hill, under the direction of the Metliodist Episcopal
church. The number of women in attendance upon these two
colleges for 18.s)S was 4:!(i. Itolh colleges are authorized by
law to confer degrees, and there were 127 degrees conferred in
the course for this vear. AVestbrook College was chartered in
1"SI!1, and Maine Wesleyan College in 1,S21. There are three
colleges of liberal arts : liowdoin College (Congregational),
iVom which Longfellow and Hawthorne were graduated ; Bates
t ol lege (Free Baptist) ; Colby University (Baptist). Bowdoin
was chartered in 17."<4, but ilid not open till the year 1.S02;

Culby was chartered in 1.^20, though the uuiversity was opened
two years before. Bates (.'oUege and Colby University are co-
educational.

Number of college students from Maine, 1887-1888, was 497;
population of college age, lti-22, to one college student, was
178.

The Maine State College of Agriculture and the Mechanical
Arts wa.s endowed luuler the national laud grant act. Ther«
were in 18s7-l.s.S,S, l:;i students. A large per cent, of these were
engaged in practical work. The charter was issued in lst;.5,

and the college opene<l at Orono in 1808. It h.os a library of
."),(K)0 volumes, and scientific api)aratus valued at $17,.iOO. 'The
grounds and building lu-e valued at $17.'),000, and there are
.i!2.'i 1 ,,S00 invested in i»imanent fimds, the income of which
amounts to ?11,.")00. There were I.S8 pupils in attendance upon
the Maine State Keform .School for 1S,S7-1,S88. Thei-e is also
a school fur the deaf at Portland. A theological .seminary at
I!angor is open to students of all denominations, though under
Congregational .auspices. The Medical School of Maine ia
really a department of Bowdoin College.

Aifricntture and Other IinliiMrics.—.Vgi-iciilture is the most
extensive occupation still followed in the State. There ar«
broad fields yet to lie taken up, for the rich resources of Maine
stretch as far inland as the wliole sweep of the shore. There
are no richer grain fields probably in all the western prairies
than on the Aroostook highlands. There are in Maine 83,000
farmers. There are I'i4,310 farms, embracing 1,864,136 acres
of tillage. Total area of farms, G,.5.52,.57.S, valued at $5102,357,-
Ol.'). There were in 18y0 in Maine:

Live Stock.
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an indusiry im wliicli to-day tlie ])eoi)le of Knox rooiity, in a

great moa.^iire, depend for their prosjierity. Tlio procluct is

pronounced the best for nearly all purposes for « hieh lime is

nsed. The lime industry is carried on in the city of Koekland

and the towns of Thoniaslon and Camden. The latter quar-

ries run north and south; they are one and cme-half miles in

length, ;uui a hundred and fifty to two liundred feet in width,

and fifty to one hundred and fifty feel in deiilh. In I.SSS, there

.,-.} iti Knox county il"2 patent kilns, which produced l.HOO,-

000 casks of lime, and in this production the kilns consumed

85,000 cords of wood, valued at $1..")0 a cord.^ 4(10 cooiiers

were required to furnish cat^ks for the kilns of Knox county in

18«)<. The average price per cask of lime is ',t7 cents. Directly

and indirectly employment was given to about 3,000 men. Over

three <piarteri of a million of dollars are employed in the.se works.

MhSiu' hns 41 ship vards in operation, eniployiiij; I.9ii7 workmen.
Tlie total Kross tonnaKe built and launoliecl was 4a,12;i.9r.. The class

of vessels that have been built are Keni-rally of large tonnage,

main- of them schooners of more than 1.0(10 tons. The prospect of

increased activity in this important Maine industry is enconraR-
ing Another prominent iudnstrv of Maine is the cutting and
shippliiKof ice. It is nsed for balliist in vessels, and the shipment
of It south costs but little. Among her other industries Maine has:

No.
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ous points on the shores of Maine. It was at Pemaquid that Sam-
oset learned the ianguase of the English, so that he was al)le to say
to the Plymouth colony as they lauded, " Much welcome, Kutrlish-
men I

" and it was to I'eniaquia that the I'lymouth colony sent for
lood in that bitter winter. The first incori'iorau-ti city of .\iiicrica
was within the limits of Maine— the city of GeoiKiaua, foun<led in
1641, on the site of the present town of York. Maine was at one
time a county palatine, and is the only portion of America which
wa-s ever under a purely feudal tenure.
The history of Maine naturally groups itself in two general

divisions: I. Maine as a province ; II. Miiiue as imiependent.
The eyes of Kuropeans in previous centuries had heeii drawn to

this land, and Thorwald, Erick's son, in 1004, lauded in the Gulf of
Maine to seek a dwelling place. Later tliree vessels with ItlO per-
sons Iande<I to make a settlement. Jllit this settlement became
extinct, and tiie land relap.sed into the shadow, so that t'olumbus
iiracticaliy made the discovery of an unknown world four or live
hundred years later. The English were slow to compreliend the
great opportunities afforded by the discovery of America. In bwO
Andre Thevet, a Frenchman, visited Penobscot ijay. In lOivf-.'j-ii,

De Monts and Champlain made a careful study of Casco bay and
Saco. Settlements were made at Mt. Desert and in the lower }'e-

nobscot region, which had their headquarters at Castine. In tills

way France had good pretense of clainv to two-thirds of the pres-
ent State of Maine. In ir.o:>, Martin Pnny, an Englishman, made
the islands In Penobscot bay. which he named Fox islands, saileii
on to Kennebec, into Casco bay and up the .Saco river. In l(iO.'>,

Cai)tain Weymouth jtursued tlie" same course and object. On the
17th of August, ir.u7, a company under (ieorge Popham and Raleigh
Gilbert, from Plymouth, luig., landed at the month of the Kenne-
bec river. The severe winter that followed was the means of
breaking up and destroying this first English colony in Maine.
But the fact of the existence at one time, if for a very short period,
of an English settlement in Maine was enough to establish the title
of England as against France in the whole New England territory.
The French claim to America was founded, 1st, on the vovage of
Verrazzauo, I.'i'J4,who first discovered the (iulf of Maine, and called
the country New France: L'd, on the grant of Henry IV., lClB,to De
Monts, and on the voyage and occupation of the co'untry under De
Monts and Chamnlaln. The English title was defended on the
charter of HlOii.and on consequent occupation by Popham Georges:
on the voyages and landing of Gosnold, Prinv and Weymouth, and
on the discovery of Cabot. The jireat question between the Eng-
lish and French as to the right ol ]iossession turned on the occu-
pancy of .\merica under charter. The charter to De .Monts had
been granted in li;u;i by the French. Euglaud made the Virginia
charter in liluil. But the charter of De Monts had been revoked in
l<i(JT. and the English claimed that the settlement made under the
charter ol Itluil at Kennebec gave them undisputable right, so that
the English claim to America finally came Mirougli .Maine.
Sir Ferdinando Georges never swerved from liis great thought of

building up a Christian clTlllzation on the shores of the Gulf of
Maine. In March, liilfi, he set sail again from England, but was
driveu back. On the 24th of June he renewed his voyage, but was
again frustrated. Vet before the Puritans set foot on Massachn.setts
bay. the Pilgrims had been made welcome to establish themselves,
or rather their settlements and trading posts, at Pentagoet in li'c'ii

and at Kennebec in ltl28. They had a grant of a million and a half
of acres, over which ,lohn Alden was chief. The encroachments of
the French on I'entagoot gave Miles Staudish occasion to use his
strong sword. In IS'J) a charter was granted the territory from the
fortieth to the forty-eighth degree of north latitude: that is. from
the latitude of Philadelplua to the bay of Chaleur. and through
the mainland from ocean to ocean, to be known as the New England
In America. August 10, 1622, a patent was given to Georges and
Mason, conveying to them the country between the Merrimac and
Kennebec to tlie farthest head of said rivers, and no miles inland,
together with all the islands and islets within five leagues of the
shore, which the indenture states "They intend to call theP/oi'/HC«
o/ Mainf." In 162'J, Georges and Mason divided their territory.
Mason took tlie western portion between the Merrimac and the
Fi.scataqna. which he named New Hampshire, and Georges took the
rest, from the Piscataqua to the Sagadahoc, which ten years after-
ward received the name of Maine. It is commonly said " Maine is
the daughter of Massachusetts;" the reason for tli'is is that Massa-
chusetts was the stronger party.
The Great Council of New England, having encountered manv

ve-xalions, agreed to surrender its charter in KKi, and deteiniined
to divide its territory into eight provinces, two of which were
within the nresent limits of Maine. Tlie region lietween the St.
Croix and the Kennebec, already claimed bv the French, was to be
given to Sir Wllllani Alexander, earl of .Stirling, and was to be
called the country of Canada. This extended to the St. Lawrence.
The coast from the Kenneljec to the Piscataqua, and extending 60
miles into the mainland, was assigned to Georges and Mason, and
by them named New Somer.setshire. In li;;«, William Georges set
up a court atSaco. This was the first organized government in the
Stale of Maine. Amidst distractions of the times in old England
and New, to assure himself of his title between restless French-
men and encroaching Puritans, Georges in :i',:!7 succeeded in ob-
taining from King Charles I. a new and notable charter, the most
extraordinary ever given to a subject in moilern limes. It con-
firmed the old boundaries, the Piscatuiina and Sagadahoc, extend-
ing 120 miles, however, inland, and was now and for the first time,
and by charter, named the [•roiinrr nf Muitir, so called becau.sc of
the distinction between the inain and the islands so much fre-
quented along the sliore
The political status of this province was that of a palatinate, of

which Georges was lord palatine. .Massachusetts began to encroach
little by little on the province of .Maine, till in KKW she had gained
BO strong a hold, and so many of the people of the province had
put t hemselves under her prolection, that she felt justified in send-
ing a mandatory a<ldrcss toall thi' peonleof .Maine, requiring them
to give obedience to her laws. Trouble arose, which was settled
111 Ii;T7 by the king in council declaring that the north line of the
Maiisachuselts colony was three miles from the north bank of the
Merrimac at Its month. Massachusetts then purchased for £I,2M)
the province of Maine, or so much of Maine as (ieorges' til le cov-
ered, from the Piscataqua to the Sagadahoc, and 120 miles back

from the sea. In 1684 the Massachusetts charterwas annulled, and
she loosened her hold somewhat on Maine. The subsequent char-
ter of William and Mary did not restore former rights and titles,
and did not even confirm the equitable claims of Massachusetts to
Maine. In fact, this charter did not put Maine under Massachu-
setts as a province or ilependency at all, but made it a constituent
part of the new royal province. In 1665 Massachusetts had estab-
lished a local court in all the towns. It is also of interest to note
that the last act of the old Maine province before she lost her
name in .Massachusetts Bay was. on July 15, 1690, to pass a law,
"That from henceforth there shall not be anv rum or other
strong liquor . . . sold, except in cases of great necessity." A
still earlier " liquor law" had been in force in Mai lie, issued by the
Duke of York, .September 11. 1677. In the French and Indian wars,
Maine was an exposed frontier for nearly a century. In fact, she
was so patriotic in these struggles in the employment of men and
means that her territory was almost depopulated.
There is no doubt that tlie one thing which attached Maine to

New England and led her to cast in her lot with the fortunes of
free America was the influence of a Congregational-church system.
Political and religious divisions being at that time so nearly coin-
cident, tlie Puritan and Pilgrim churches have had an honored
nloce in the march of political freedom. D'Aulney and La Tour
had struggled to curry Acadia to tlie banks of the Penobscot. The
Dutcli liiid effected a lodgment on Penobscot bay in 1676, but the
Knglisli liHil driven them away. There were Dutch, German, Scotch,
Irish ami French settlements also in the province. Almost a cen-
tury of wars borne by the different colonies had knit them to-
gether. The liruut of these frontier wars fell upon Maine. The
fieet which took Port Hoyal was manned chieflv here, and com-
manded by her son. Sir William Phipi)s. At the siege of Lonisburg
the whole English armament nearly were men of Maine, VN'hich
was conducted by Sir William Pepperell. Maine was also repre-
sented on the Heights of Abraham. Such was the draught on her
in these French wars that Massachusetts had, at one time, to send
one hundred men to garrison her forts. But when the dearly
defended liberties of the colonies were threatened by the mother
country herself, Maine was among the very first to come to their
defense. "Our swords have not grown rusty." said tlie town ol
Gorham. " We offer our lives a sacrifice in the glorious cause of
liberty," were the words of Kittery in 1773, two years before Lex-
ington and Concord. Soon after, the patriots o"f Machias. under
the O'Briens, boldly attacked the king's ship, the Margaretla, and
after a sliarp engagement the British flag was struck for th<- first
time on the ocean to .\mericans. In that war for independence
Maine, drained as she was by the French and Indian wars, lost
one thousand men. And when it was over, the burden of the pub-
lie debt that fell upon her was greater in proportion to her wealth
and population than her share in the cost of the war of the re-
bellion.
Had not Maine been incorporated with the rest of New England

by the charter of fii91. there is no doubt that the English, perceiving
the great strategic advantages of her position, would have seized
upon the territory and overawed the inhabitants, and when at lasl
lines were drawn they would have included thatdukedom of Y'ork
bounded by the Kennebec, or the eastern boundary of the United
States would have been the Piscataqua. This charter of 1C9I gave
to Massachusetts Bay colony all the territory east of the St. Croix
River and Nova Scotia, and Maine became a constituent part oi
Massachusetts, as much as Plymouth or Boston. When indejiend-
ence of England was declared, Massachusetts and Maine were
spoken of as one. For the better administration of maritime affairs.
Congress in 1779 made Maine a separate district, with a United
States court and officers as at the present time.
Early in 17S-5 public meetings were held and conventions called

to consider the expediency of a separation from Massachusetts, the
connection with which had been an unnatural union from the Jje-
giniiing. The growth of tlie State also increased the demand for
separation. From a population of five thousand at the beginning
of the century, she had advanced to more than seventv-five thou-
sand in 1776, and at the close of thec^ntury her i)0|)ulati6n exceeded
a hundred and fifty thousand. The war of 1«12 brought many
changes. Maine again contributed her aid to the country against
Great Britain. The English directed several of their attacks
against this coast, which was poorly defended. The sea fight oft
Segnin was a creditable one to our navy : and a gallant enterj'rise
in caiitnring a British privateer off Bristol redounded to the credit
of that neighborhood. Maine was then pre-eminently a commer-
cial State: her shipping amounted to 150,000 tons a year: her ex-
ports to almost a million dollars a year. But many of her sailors
were liable to imprisonment under the embargo act of IHtXS. The
war and the embargo Increased party feeling. The patriotic spirit
prevailed, and the majority sustained the government. 'The war
stimulated local industries. The manufacture of woolen, cotton,
glass and metal started iipall over theState. When the war ceased
and foreign gootis came in, the home industry was rninetl. There
was no longer a demand for her agricultural products, and the
result was that the discouraged farmers rushed to the West. This
was known as the " Ohio Fever" of IS15-1KI6. bv which the State
lost fifteen thousand of her people. The question of separation
had now become a party issue, the Federalists adhering to Massa-
chusetts, the Repnijlicans contending for independence.*
In is20the point was carried, and the connection wliich was be-

gun in violence, but has continued for i:iO years in growing good-
will, was ended, and Maine was admitted as a State to the Union.
That portion of the State north of Georges palatinate was never
subject of grant to any party. The title, therefore, was vested di-
rectly in the United States by the treatvof 17K:Uvitti Great Britain,
and was virtually transferred to Maine on her admission to the
Union. For many years there was, however, a contest 38 to the

•These party names furnish a striking instance of misnomer.
They were really the Nationalists, who came to be called I'ederal-
Ists. They held to the iniitv of the nation as opposed to a confed-
eracy, ami were led by Ilamiltou and Jay. 'Tbe .il.l Federals,
supporters of the Ideas of the confederation, were afterwards, un-
der Jefferson, known as Republicans and then Democrats.—i'Vum
Von IIiiUl,
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Rorthern and northeastern bonndary. The result. thoiiEh unsatls-
(:ictorv to EnKland. wiis felt Ijy Miiine to be for the ndvantaRe of the
I' II ited States at the expense of Maine. The United Statey received
a tract on Lakes CliaiiiplHin and Superior, and Maine ttie merelv
iiomlual Slim of $l.')<i.uoo. The population of the new State was
rearly »io.(«m). fp to the year ItvW.each decade showed an average
u'Hin of .>*0,II0C inhal>itants. From that time there was a falling off
in tile rate of increase. Maine was as pronii>t to respond to the
;all tor aid when the war for the I'nion broke out as she had been
A'hcn her own litterties were threatened in 1776. Seventy-five
thousand men answ :red the summons of the president on sea and
laud, and onethi a of that number went out to die. The Stats
incurred a debt ci ^Vi.OWsm In ralsine and cquippiuR these sol-
diers and sailors. The I'nited States, in consideration of this
fact, paid back over ta.OO.OOiiof the amount, which Maine applied as
aGiuklng fund to provide for payinc off the war debt at its matu-
rity. Maine also provided for lier disabled sailors and soldiers bv
ptnsfons for them or for ttuir families. K. C. H.

'

MAINE DE BIRAN, FEANCois-PiEERE-GoxTniEK
(1766-1824), a distinguished philosopher of France, the

son of a physician, was bom at Bergerac Kovember 29,

1766. After studying with distinction under, the doctrin-

aires of Perigueux, he entered the life-guards of Louis XVI.,
and was present at Versailles on the notable 5th and 6th of

October 1789. On the breaking up of the garde du corps,

Maine de Biran retired to his patrimonial inheritance of

Grateloup, near Bergerac, wh(;re his sequestered residence

and limited income preserved him from the horrors of the

Revolution. It was at this period that, as he says himself,

he " passed per sallam from frivolity to philosophy." The
forced leisure of this fearful time decided the vocation of

his life. He combined, in a more than ordinary degree,

subtle sen.sitiveness to external influences with singular

acuteness in surveying and analysing internal phenomena
The modes of the mind and their organic causes or condi-

tions were alike submitted to his scrutiny. He began his

philosophical studies with psychology, and he made psycho-

logy the study of his life. AVhen the Reign of Terror was
succeeded by calmer days, Maine de Biran was called to

take part iu the administrative and political affairs of liis

country. After his exclusion from the council of the Five

Hundred on being suspected of royalism, he took part with

his friend Lain6 in the commission of 1813, which gave

expression for the first time to direct opposition to the will

of the emperor. After the Restoration he held the office

of treasurer to the chamber of deputies, and habitually

retired during the autumn recess to his native district

to pursue his favourite study. He died 16th July 1824.

Maine de Biran's philosophical reputation has suffered from two
causes—^the obscure, laboured quality of his style, and the un-

fortunate mode of publication of h\H writings. In all his work
there is evidence of thorough originality of thinking, but in the

expression of his thoughts this very originality is so far a disad-

vantage in that it imposes on him a mode of exposition little

calculated to attract and retain the attention .of a reader. During
his life, moreover, but few, and thcic the least characteristic of his

works, were formally published. An essay on habit (Sur TInfluence
de tHabiiude, 1803), a critical review of Laromiguiere's lectures

(1817), and the philosophical portion of the article Leibnitz in

the Biojtapkie Universe!le (1819) appeared during his lifetime.

A long memoir on the analysis of thonglit {Sur Ta Decomposition dc

la Pensie), crowned by the Institute in 1805, was sent to press, but,

for some reason, was not finally printed. His manuscripts,

Terj' large in quantity, were not made accessible in their entirety

to Consin when that writer desired to prepare a collective

edition of De Biran's works. In 1834 the writings above enumer-
ated, together with the important essay entitled JS'ouvelles con-

nderations sur Jcs rapports du physiqtic ct du moral de Vhonnnc,

were published by Ctousin, and in 1841 there were added three

volumes by the same editor, under the title CEiivrcs pliilosophiqncs

de Maine de Biran. The manuscripts from which Cousin

had prepared this edition were, however, in a most imperfect

condition, and it was known that some memoirs to which De Biran

attached the greatest importance were still in obscurit)'. In 1845

a largo mass of manuscript was placed by De Biran's sou in the

hands of F. M. E. Naville. The labour of preparing these for

publication, interrupted by the death of Naville in 1846, was
continued by his son, E. Naville, and completed, with the aid

of IL Debrlt, in 1859. The (Eurres inidUcs de M. de Biran,

3 vols., rendered it possible for the first time to obtain a connected

view of a very remarkable monument of philosophical development.

In these volumes the most important work is that entitled Eatai

su/r Usfondtmcnis de la psychologic el sur scs rapports avec V4iu.dc dc

la nature, which represents the complctest stage of De Biran^'
thiiiking. A later stage is represented by the fragments of •
projected work entitled No^ivcaux Essais d'Anthropologie, in
which the psychology of the earlier treatise is developed in the
direction of a somewhat "mystical metaphysic.
De Biran's first essays in philosophy wereVritlcn avowedly from

the point of view of Locke and Condillac, but even in them he was
brought to signalize the essential fact on which his later speculation
turns. Dealing with the formation of habits, ho is compelled to
note that passive impressions, however transformed, do not furnish
a complete or adequate explanation. With Laromiguiere he dis-
tinguishes attention .is an active effort, of no less importance than
the possive receptivity of sens*, uid with Butler distinguishes
passively formed customs from active liabits. Prolonged medita-
tion, evidenced in tlie occasional writings, prize essays, and the like
of the subsequent years, bi'ought him to the far-reaching conclusion
that Condillac's notion of passive receptivity as the one source of
conscious experience was not only an error in fact but an error of
method,—in short, that the mechanical mode of viewing conscious-
ness as formed by external influence was fallacious and deceptive.
For it ho proposed to substitute the genetic method, whereby human
conscious experience might be exhibited as growing or developing
from its essential basis in connexion with external conditions.
The essential basis he finds in the real consciousness of self as an
active striving power, and the stages of its development, correspond-
ing to what one may call the relative importance of the external
conditions and the reflective clearness of self-consciousness, he
designates as the afl^ective, the perceptive, and the reflective. These
stages are characterized with much skill and psychological acuteness,
and in connexion therewith De Biran treats most of the obscure
problems which arise in dealing with conscious experience,
such as the mode by which the organism is cognized, the mode
by which the organism is distinguished from extra-organic things,

and the nature of those general ideas by which the relations of

things are known to us—cause, power, force, kc His views are

always suggestive, and the best recent psychology in France is but
a reproduction of some of them.

In the latest stage of his speculation De Biran distingu'ehes the
animal existence from the human, under which the three forms above
noted are classed, and both from the life of the spirit, in which
human thought is brought into relation with the supersensible,

divine system of things. This stage, as above said, is left imperfect
Altogether De Biran's work presents a very remarkable specimen
of deep metaphysical thinking directed by preference to the
psychological aspect of experience. It is almost a solitary instance

of an effort to treat p^chology in a wide and philosophical
manner.
The CEuvrcs ividites of De Biran by Naville contain an intro-

ductory study. Special monographs on him are—ilerteu, £txida

critique snr Maine dc Biran, 1865 ; E. Naville, Maine de Biran, aa

vie ct scs pcns^cs, 2d ed., 1874 ; Gerard, Mair£ de Biran, essai sur
sa philosophic, 1876.

JIAINE-ET-LOIRE, a western department of France,

lying between 47° and 47° 50' N. lat., and between 15'

E. and 1° 20' W. long., consists of the southern portion of

the former province of Aujon, and is bounded on the N.
by the departments of Mayenne and Sarthc, on the K by
Indre-et-Loire, on the S. by Deux-Sevres and Vendde, on

the W. by Loire-inf^rieure, and on the N.W. by Ille-et-

Vilaine. The extreme length from north-east to south-

west is about 78 miles ; the breadth from north to south

ranges from 25 to 50 miles, and the area is 2750 square

miles. The capital. Angers, lies 162 miles southwest

from Paris. The department is made up of twe distinct

regions, the line of demarcation running from south-east

to north-west, and passing through Angers ; that to the

south consists of granites, felspars, and a continuation of

the geological formations of Brittany and Vendde ; to the

north, on the contrary, schists, limestone, and chalk pre-

vail. The general elevation of the latter region is but

small, and none of its eminences exceed 330 feet in height

;

the former, on the contrary, has a surface richly varied

with deep winding valleys clothed with woods and

thickets, though the highest points are under 700 feet.

The department belongs entirely to the basin of the

Loire, which traverses it from east to west by a valley

varying in breadth from about 1 to 5 miles ; the bed is

wide but shallow, and full of islands, the depth of the

water in summer being at some places little more than 2

feet. The floods which occur are sudden and destmctiva
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The chief alfluent of tlie Loire within the department is

the Maine, formed a little above Angers by the junction

of the Mayenne and the Sarthe (the latter in turn having

previously received the waters of the Loir). All three

livers are navigable. Other tributaries of the Loire are

the Thouet (with its tributary the Dive), the Layon, the

EvTp, tho Divatte on the left, and the Aulhion on the right.
|

The latter, which has a course parallel to that of the Loire,

has been supposed, but erroneously, to occupy an ancient

bed of that river. The Mayenne is joined on the right by

the Oudon, which can be navigated below Segre. The

Erdre, which joins the Loire at Nantes, and tho Moine, a

tributary of the S6vrcNa:itaise, both take their rise within

this department. The climate, which is very mild, shares

the characteristics both of the Sequauiati and of the

Armorican districts. The mean annual temperature of

Angers is 3° Fahr. above that of P.iris ; the rainfall at the

same place is only 18'G4 inches, but rises to 23-6 inches

farther down the river, and 2" -75 as the sea is approached.

Notwithstanding this deficiency of rain, the frequent fogs,

combined with the peculiar nature of the soil in the south-

east of the department, produce a degree of moisture

which is highly favourable to meadow growth.'. The

winter colds are never severe, and readily permit the culti-

vation of certain trees which cannot be reared in the

adjoining departments.

Of the entire area move than one-lialf is arable ; one-tenth is

occupied by meadows ; and consiJerably smaller aieas arc occupied

by woods, vineyards, and heath respectively. Oxen number
225,000, pigs 100,000, and sheep C8,500 ; these figures represent a

considerable commercial activity, as most of the animals are pur-

chased ont of neighbouring depaitnients for tlie purpose of being

fattened. Cholet alone exports annually lOO.OOCr cattle, 150,000 or

200,000 sheep, and 25,000 or 30,000 ]iigs. The mimbcr of horses

in tho department is 55,000, chiefly of a race much used for light

cavalry service. The cavalry school is at Saumur within this

department. The production of cereals is in excess of the con-

Buraption ; there are extensive areas in the valleys of th- Loire and
Sartne under hemp, and linseed and colza oil are produced in

nuantity. Tho legumes of Saumur and Angers are .specially prized.

The wine of the department (14,000,000 gallons in 18S0) is fairly

pood, and the white win^ of Saumur is expoited and .sold as spaik-

ling champ:tgno (about 6,000,000 bottles yearly). Cider is pro-

duced, and large quantities of apples, pears, anj-plnnis are exported

to the markets of Paris, England, and Russia. Floriculture is au
important industry, and the forests of oak and beech abound in

game (stag, roebuck, wildboar). Near Angers are slate quarries in

which 3250 workmen are employed; and the " Layon-et-Loire
"

coal-bed produced in 1881 15,288 tons of coal and anthracite, which,

however, did not supply tho demand of the department. There are

sandstone quarries in the arrondissements of Saumur and Bauge.
Cholet, tho chief manufacturing town, is famous for its pocket-
handkerchiefs ; it has also manufactures of linen cloths, flannels,

and cotton stuffs, worsted and cotton thread factories, and bleach-

ing works. Similar manufactures are carried on at Angers ; tho
speciality of Saumur is tho making of enamels and beads, in which
it employs 600 workmen, producing goods to the annual value, of

1,500,000 francs. The population of tho department was 517,258
in 1876, being an increase of 141,714 since 1801. Thero are five

arrondissements,—Angers, Bauge, Cholet, Saumur, and Segix'. The
japital is Angers.

MAlNPURf, or MYNrooKEE, a district in the lieutenant-

governorship of tho North-Westcrn Provinces, India, be-

tween 20° 52' 30" and 27° 30' N. lat., and 78" 27' 45"

and 79' 28' 30" E. long., is bounded on the N. by Etah,
on the E. by Farrukh.-ibAd, on the S. by Etawah, and on
the \V. by Multra and Agra, and has an area of 1G'J7 square
miles, of which 949 arc cultivated, and 190 cultivable.

It consists of an almost unbroken level plain, intersected

by small rivers, but unvaried by any greater elevations than
a few undulating sand ridges. It is wooded throughout
with mango groves, and isolated clumps of babul trees

occasionally relieve the bareness of its saline vsar plains.

On tho south-western boundary the Jumna flows in a deep
alluvial bed, sometimes sweeping close to the high banks
which overhang its valley, and at olheri Ijaviiij; room for

a narrow suip of fLftlle eju between the river and the

upland plain. From the low-lying lands thus formed t

belt of ravines stietcbes inl:Tnd for some 2 miles, often

covered with jungle, but affording good pasturage for cattle.

Moving north-eastward from this point, one reaches in

succession the small rivcis Aganga, Sengar, Rind, Isan,

and KAli Xadi, most of which supply water to a small

tract on either side, besides giving origin to rich deposits

of cultivable silt. The Etawah and Cawnpur branches nf

tho Ganges canal intersect the district for irrigation

purposes, and the Lower Ganges canal, when completed,

will furnish additional facilities in the same direction.

The census of 1872 returned the population of the district at

765,783 (males, 420,955 ; females, 338,828). The Hindus num-
bered 724,663, Mohammedans 40,965, Christians 85. Among
high-easte Hindus, the Brahmans number 07,072, and form a

wealthy landholdiug class. Rajputs are returned 'at 60,155,
amongst whom the Chauhans form the largest clan. They have
long formed the aristocratic class of the district, and in 1872
owned 44 per cent, of the total area. JIucn of their hereditary

property is, however, passing out of their hands into those ol

merchants and traders. Of the lower castes, the most important
are tho Ahirs, numbering 123,358, wlio own over 12 per cent,

of the soil. For many centuries this tribe consisted of lawless

robber hordes, who held the fastnesses of the Jumna ravines;
and, though they have now been reduced to a comparatively in-

dustrial life, they still continue to atTord tho local authorities

much trouble and anxiety. Tho Chamars, 103,193 in number, are

mere hewers of wood and drawers of water for the laudholding
classes, who held them in a condition of absolute serfdom under
native rule. Other important Hindu tribes are Kachhis (72,898),

Lodh.-is (53,658), Gadariyas (28,047), and Kahars (25,273). The
Moslems are for the most part poor and without social influence.

Only four towns in the district contaiu'a population exceeding 5000:
Mainpuri, 21,117; Shikohdbad, 10,069; Bhongaon, 6271; and
KarlL-il, 5574.

JLiiupuri is one of the districts where the question of female
infanticide has long engaged the attention of Government, and
even as late as 1872 this practice was so common as in a great

measure to account for the largo preponderance of males in the
general population. In 1842 measures were first introduced for

the supervision of the Chauhan Rajputs and Phatak Ahirs, among
whom the practice was most common. Every female birth had to be
duly reported and authenticated, together with a subsequent report
on the child's health. Illness had to be immediately announced to

the police, who held an investigation. These rules remained in force

until supplemented by those of the Infanticide Act of 1870. In 1843
there was not a single female child among these tribes ; in 1847
thercwere but two hundred and ninety-nine. In 1851 a convention of

the heads of clans was held, when a body of rules was drawn up and
subscribed to, but they were never observed. In 1865 a census of the
Chauhan and Phatak villages was held, when six of the fonrer
were found without a single female infant. In some cases a daughter
had never been known in tho village. In 1870 it was found
necessary to impose more stringent rules, and a special Infanticide

Act was passed by the viceregal council. Inquiries instituted in

connexion mth the census of 1872 revealed the fact that many
other tribes than the Chauhans and Phataks were implicated in the

practice. In 1870, although a largo -proportioa of the community
n ul so far reformed in this respect as to be exempted from th»

special superrision provided by the Infanticide Act, there were still

two hundred and seventy-six villages on the "proclaimed list"

under the surveillance of a specially organized police, maintained

by a tax levied on the guilty communities.

In Mjinpuri .ilmost every acre of available soil is anoer tibage.

The total area under cultivation at the date of tho last settlement

was 607,991 acres. Kliarif or rain crops included cotton, 48,901

acres ;
joar, 120,497 ; biijra, 74,028 ; indigo, 5369 ; with a littlo

maize, lice, hemp, ic, making up a total of 299,850 acres. Sabl,

or spring crops were the following :—wheat, 105,488 acres ; barley,

60,443; wheat and barley mixed together, 66,488; with gram,
pop|>y, &c. , making a total of 282,376 acres. There were also

17,523 .icres under sugar-cane. Of the 607,360 acres cultivated in

1881, 337,726 were uniiriguted, 180,415 were irrigated by private

individuals, and 89,219 by Government., Two-thirds of tho land

is held by tenants with rights of occupancy, and one-third by
tenants-at-will. Mainpuri suffers little from floods or blights,

but in former years it used to be severely afflicted by drought.
The means of cummunication, added to the large and increasing

irrigation system, are now probably sufficieut to protect tht

district from extreme distress in years of famine.

The district tmdo is almost entirely of a rural character. The
chief exports art! cotton, grain, indigo, 9/1!, and miscellaneous
uijrieultural produce ; while imtals, Liigliih piece goods, sugar.
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iieJlar's wares toliacoo, ami rice are imported. Cotton thread is

largely manufactured, and there is some trade in bangles, huk<i3 or

pipes, inlaid wood-work, and other fancy articles. Saltpetre is

rehned at several factorits. The district is thoroughly supplied

with land and water comniuni-ations. Good metalled roads connect

all the principal towns and villages ; the East Indian Railway rues

for 23 miles through the south-western angle ; the navigable branch

of the Ganges canal intersects the central plateau ; and the natural

highway of the Jumna skirts the district to the south.

The gross amount of assessment in 1880-81 was £115,1.32.

Education was afforded in 1880-81 by 151 schools with' 4146

pupils. Thd climate is hot but not excessively sultry during

the summer months, and damp or foggy during the cold weather

rains. The average annual rainfall tor the live years ending
1870-71 was 32'20 inches. The chief endemic disea.se is malarial

fever.

Slainpuri anciently formed part of the great kingdom of Kanaiij,

and after the fall of that famous state it was divided into a number
of petty principalities, of which Rapri and Bhong;ion were the chief.

In 1194 Rjipri was made the seat of a Moslem governor. Mainpuri
fell to the Mughals on Bihar's invasion in 15'2|6, and, although
temporarily wrested from them by the short-lived. Afglian dynasty
of Sner Shah, was again occupied by them on the reinstatement of

Humayun after the victory of Panipat. Like the rest of the lower

Doab, Mainpuri passed, towards the end of the last century, into

the power of the Mahratt.is, and finally became a portion of the

province of Oudh. When this part of the country was ecded to the

British in 1801, Mainpuri town became the headquarters of the ex-

extensive district of Et.iwah, which was in 1856 reduced by the for-

mation of Etah and Mainpuri into separate collectorates. On the

outbreak of the mutiny in 1857, the regiment stationed ai. Mainpuri
revolted, and attacked the town, which was successfully defended

by the few Europeans of the station for a week, until the arrival of

the Jhansi mutineers made it necessary tq abandon the district

MAiNPDEf, the chief town and headquarters of the

obove district, is situated in 27° 14' 15" N. lat, 79° 3' 5"

E. long., and had a population in 1872 of 21,117, viz.,

Hindus, 17,596; Mohammedans, 3135; Christians and

"others," 146. The town consists of two separate

portions, M4inpurl proper and Mukhamganj ; the former

traditionally dates from the prehistoric period of the

Mahdbhdrata, while the latter was founded by EAj4

Jaswant Sinh in 1803. Holkar plundered and burned part

of the town in 1804, but was repulsed by the local militia.

Since the British occupation the population has rapidly

increased, and many improvements have been carried out.

The Agra branch of the Grand Trunk Road runs through

the centre, and forms a wide street lined on both sides b)^

shops, which constitute the principal bazaar. Besides the

usual Government offices, &c., in the civil station, the 6hief

buildings are the police station, opium warehouses, jail,

post-office, dispensary, two large schools, American Presby-

terian mission, church, reading-rooms ; there are two public

gardens. The town carries on a considerable trade ia

cotton, indigo seed, country produce, and iron ; and there

is a manufacture of wooden articles inlaid with wire.

MAINTENON, Feancoise d'Aubigne, Mabquisb db
(1635-1719), the second wife of Louis XIV., and unac-

knowledged queen of France for the last thirty years of hia

reign, was bom in a prison at Niort on November 27,

1635. Her father Constant d'Aubign^, was the son of

Agrippa d'Aubign^, the famous friend and general of

Henry IV., and had been imprisoned as a Huguenot
malcontent, but her mother, a fervent Catholic, had the

child baptized in her religion, her sponsors being the Due
de la Rochefoucauld, father of the author of the Maxims,
and the Comtesse de Neuillant. In 1639 Constant

d'Aubign^ was released from prison and took all his family

with him to Martinique, where he died in 1645, after

Laving lost what fortune remained to him at cards. Madame
d'Aubign6 ' returned to France, and from sheer poverty

unwillingly yielded her daughter to her sister-in-law,

Madame de Villette, who made the child very happy, but,

unfortunately for her, converted or pretended to convert

her t9 Protestantism. When this was known, an order of

state was issued that she should be entrusted to Madame

de Neuillant, her godmother. Every means, every

indignity even, was now used to convert her back to

Catholicism, but at the last she only yielded on the con-

dition that she need not believe that the soul of Madame
de Villette was lost.- Once reconverted, she was neglected,

and sent home to live with her mother, who had only a

small pension of 200 livres a year, which ceased on her

death in 1650. The Chevalier de Merd, a man of some
literary distinction, who had made her acquaintance at

Madame de Neuillant's, discovered her penniless condition,

and introduced his "young Indian," as he called her, to

Scarron, the famous wit and comic writer, at whose house

all the literary society of the day assembled. The wit,

who was of gcrod legal family, and had a kind heart, took a

fancy to the friendless girl, and oflFsred either to pay for

her admission to a convent, or, though be was deformed

and an invalid, to marry her himself. She accepted his

offer of marriage, and became Madame Scarron in 1651.

For nine years she was not only his most faithful nurse,

but an attraction to his house, where she tried to bridlo

the licence of the conversation of the time. On the death

of Scarron in 1G60, Anueof Austria continued his pension

to his widow, and even increased it to 2000 livres a year,

which enabled her to entertain and frequent the. literary

society her husband had made her acquainted with; but on

the queen-mother's death in 1666 the king, in spite of all

the efiForts of her friends, refused to continue her pension,

and she prepared to leave Paris for Lisbon as lady attendant

to the queen of Portugal But before she started, she met
Madame de Montespan, who was already, though not

avowedly, the king's mistress, at the H6tel d'Albret, and
the lady in question took such a fancy to her that she

obtained the continuance of her pension, which put ofif for

ever the question of going to Portugal Madame de

Montespan did yet more for her, for when, in 1669, he^

first child by the king was bom Madame Scarron

was established Arith a large income and a large staff of

servants at Vaugirard to bring up the king's children in

secrecy as they were bom. In 1674 the king determined

to have his children at court, and their governess, who
liad now made sufficient fortune to buy the estate of

Miiintenon, accompanied them. The king had now many
opportunities of seeing Madapae Scarron, and, though at

first he was prejudiced against her, her even temper showed
so advantageously against the storms of passion and
jealousy exhibited by Madame de Montespan that she grew
steadily in his favour, and had in 1678 the gratification

of having her estate at Maintenon raised to a marquisate,

and herself entitled Madame de Maintenon by the king

himself. Such favours brought down the fury of Madame
de Montespan's jealousy, and Madame de Maintenon's

position was almost unendurable, until, in 1680, the king

severed their connexion by making the latter second lady

in waiting to the dauphiness, and soon after Madame de
Montespan left the court. The new " amie " used her

influence on the side of decency, and' the queen openly

declared she had never been so well treated as at this time,

and eventually died in Madame de Maintenon's arms in

1683. The queen's death opened the way to yet greater

advancement ; in 1684 she was made first lady in waiting

to the dauphiness, and in the winter of 1685, or, Voltaire

says, in January 1686, she was privately married to the

king by Harlay, archbishop of Paris, in the presence, it is

believed, of Pere la Chaise, the king's confessor, the

Marquis de Montchevreuil, the Chevalier de Forbin, and

Bontemps. No written proof of the marriage is extant,

but that it took place b nevertheless certain. Her life

during the thirty years of her second married life roust

be studied from more than one side, and can be so ftdly

fro<Q her letters, which are masterpieces even of an age
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when Madame de Sevign^ wrote, and of wtich many
authentic examples are extant. A3 a wife she is wholly

admirable; she had to entertain a man who would not

be amused, and had to eubmit to that terribly strict

court etiquette of absolute obedience to the king's inclina-

tions which Saint-Simon so vividly describes, and yet be
always cheerful, and never complain of weariness or ill-

health. Her political influence has probably been over-

stated, but it was supreme in matters of detail. The
micisters of the day used to discuss and arrange all the

business to be done with the king beforehand with her,

and it was all done in her cabinet and in her presence, but

the king in more important matters often chose not to

consult her. Such mistakes as, for instance, the replacing

of Catinat by Villeroi may be attributed to her, but not

whole policies,—notably, according to Saint-Simon, not the

policy with regard to the Spanish succession. Even the

revocation of the edict of Nantes, and the Dragonnades have

been laid to her charge, but there can be no doubt that.

in spite of ardent Catholicism, she retained a liking for

her father's religion, and opposed, if not very vigorously, the

cruelties of the Dragonnades. She was probably afraid to

say much, or peril her great reputation for devotion, which

had in 1692 obtained for her from Innocent XII. the right

of visitation over all the convents in France. Where she

deserves blame is in her use of her power for personal

patronage, as in compassing the promotions of Chamillart

and Villeroi, and the frequent assistance given to her

brother Comte Charles d'Aubign6. Her influence was on

the whole a moderating and prudent force, and the king,

when he wanted her advice, used to say, "Qu'en pensez

votre Soliditd 1 " or " Consultons la Raison." Her social

influence was not as great as it might have been owing to her

holding no recognized position at court, but it was always

exercised on the side of decency and morality, and it must
not be forgotten that from her former life she was intimate

with the literary people of the day, and never deserted her'

old friends. Side by side with this public life, which-

wearied her with its shadowy power, occasionally crossed

by a desire to be recognized as queen, she passed a nobler

and sweeter private existence as the foundress of St Cyr.

Madame de Maintenon was a born teacher ; she had so won
the hearts of her first pupils that tliey preferred her to their

own mother, and was similarly successful later with the

young and impetuous Duchesse de Bourgogne, and she had

always wished to establish a homo for poor girJs of good

family placed in such Straits as she herself had experienced.

As soon as her fortunes be^an to mend she started a small

home for poor girls at Ruel, "which she afterwards moved
to Noisy, and which was the nucleus of the splendid

institution of St Cyr, which the king had endowed in 1686

at her request out of the funds of the Abbey of St Denis.

She was in her element there. She herself drew up the

rules of the institution; she examined every minute detail;

she befriended her pupils in every way; and her heart often

turned from the weariness of Versailles or of Marly to her

"little girls" at St Cyr. It was for the girls at St Cyr
that Racine wrote his Esther and his Athalie, and it was

because he managed the affairs of St Cyr well that

Chamillart became controller-general of the finances. The
later years of her power were marked by the promotion of

her old pupils, the children of the king and Madame do

Moiitfespan, to high dignity between the blood royal and
the peers of the realm, and it was doubtless under the

influonce of her dislike for the Due d'Orleans that the king

drew up his will, leaving the personal care of his successor

to the Due de Maine, and hampering the Due d'Orleans

by a council of regency. On or even before her husband's

death she retired to St Cyr, and had the chagrin of seeing

all her plans fof the advancement of the Due de Maine

15-1;^

overthrown by means of the parlement of Paris. However,
the regent Orleans in no way molested her, but on the
contrary visited her at St Cyr, and continued her pension
of 48,000 livres. She spent- her last years at St Cyr
in perfect seclusion, but an object of great interest to all

visitors to France, who, however, with the exception of

Peter the Great, found it impossible to get an audience
with her. On April 15, 1719, she died, and was buried in

the choir at St Cyr, bequeathing her estate at Maintenon
to her niece, the only daughter of her brother Charles, and
wife of the Mardchal de Noailles, to whose family it still

belongs. Such was the life of the extraordinary woman
who kept till the last the heart of Louis XIV., marked by
a virtue almost amounting to prudery, in strong contrast

to the generations which preceded and followed her, by a

love of power, and a use of it which can indeed be

excused by her early life, but which was not exercised for

the good of France, and by a religious devotion which
was narrow, if not violently fanatical, but sweetened
throughout by her ardent love for her "little girls," whom
she had saved from the difficulties of life, and whom she

loved with all a mothei-'s love.

La Beaumelle published the Letlres de Madame de Maintenon,
but much garbled, in 2 vols, in 1752, and on a larger scale in 9 vols,

in 1756. He also in 1755 published Memoires de Madame dt
Maintenon, in 6 vols., which caused him to be imprisoned in tha
Bastille. Next must be noted Madame de Maintenon peinte par
elle mime, by Madame Suard, 1810 ; Histoire de Madame de Main-
tenon, by Lafont d'Aussonne, 1814 ; Zettres inidites de Madame de
Maintenon et la princesse des Ursine, 1826, reviewed by Sainte-
Beuve, Causeries du Lundi, vol. v. ; and Histoire de Madame de
Maintenon, by the Due de Noailles, 1848-68. All materials for her
life have, however, been superseded by Th^ophile Lavallee'a His-
toire de St Cyr, reviewed in Causeries du Lundi, vol. viii., and by
his edition of her Lcttres hisloriques et idifiantes, &c. , in 7 vols.,

and of her Correspondance Generate, in 4 vols., which latter must,
however, be read with the knowledge of many forged letters,

noticed in P. Grimblot'a Faux AutograpTies de Madame de Main-
tenon. Saiat-Simon's iine account of the court in her day and of

her career is contained in the twelfth volume of Cheruel and
Kegnier's edition of his Mhnoires. (H. M. S.)

MAINZ, or Mentz (in French, Mayence), th6 largest

town in the grand-duchy of Hesse-Darmstadt, one of the

strongest fortresses in Germany, and formerly the seat of

an archbishop and elector, is situated on a rising ground
on the left bank of the Rhine, nearly opposite the influx

of the Main. The fortifications, • which consist of three

enceintes with a series of outlying forts, embrace the small

town of Castel on the opposite bank, and have recently

been widened so as to admit of a large extension of the

town. Mainz is connected with Castel by a bridge of

boats, and the Rhine. is also spanned there by a railway

bridge. The interior of the town consists chiefly of narrow
and irregular streets, but the oldest part of all, to the west,

was almost entirely destroyed by the explosion of a powder-
magazine in 1857, and has been rebuilt in a much improved
style. There are also several handsome modern streets on
the side next the Rhine, which is bordered by a fine quay,

upwards of 300 feet in breadth. To the south lies th«
Neue Anlage, a park laid out on the site of the chateaia

of Favorite, where the duke of Brunswick signed his famoiur

manifesto to the French people in 1792. The principal

object of historical and architectural interest in Mainz iiL

the grand old cathedral, an imposing Romanesque edifice

with numerous Gothic additions and details. It wo^
originally erected between 975 and 1009, but has sinca*

been repeatedly burned down and rebuilt, and in its presenfl\

form dates chiefly from the 12th, 13th, and 14th centuries.

The largest of its six towers is 300 feet in height. The
whole building was restored by order of Napoleon in 1814,
and another thorough renovation has been recently in pro-

'

gross. The interior contains the tombs of Bonifac^, the

first archbishop of Mainz, of Frauenlob the minnesinger,
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M»d of most of the archiepiscopal electors. Mainz possesses

other eight Roman Catholic churches, the most noteworthy

of which are those of St Ignatius, with a finely painted

seiling, and St Stephen, built in 1318, and restored after

the explosion of 1857. The old electoral palace, erected

Id 1627-78, now contains valuable collections of Roman
»nd Germanic antiquities, a picture gallery, and a library

of 130,000 volumes, including several productions of

Gfutenberg, Fust, and Schoffer. Among the other principal

buildings are the palace of the grand-duke, built in 1731-39

»s a lodge of the Teutonic Order, the theatre, the arsenal,

the Government house, the commandant's residence, and

several fine private houses. A. handsome statue of

Gutenberg, by Thorwaldsen, was erected at Mainz in 1837,

I. Cathedral.
S. Palace.

*. Coui-t3 of Justice
4. Town-House.

Plan of Mainz.

6. Theatre.
6. Gutenberg'sMonnment.
7. Schiller's >Tonument,
8. Neuhrunren.

9. GoremTnent House.
10. SI Stephen's Cliuvch.

11. Action Becihouse.
12. Eichelstcin.

and the town is also embellished with a statue of Schiller

and two architectural fountains. Mainz still retains many
relics of the Roman period, the most important of which
K t!"2 Eigelstein, a monument believed to have been erected
by t'le Roman legions in honour of Drusus. It stands
witb.n the citadel, which occupies the site of the Roman
castrum. A little to the south-west of the town are the
rcmr.ins of a large Roman aqueduct, of which upwards of
sixty pillars are still standing. The educational and
•scientific institutions of Mainz include an episcopal
semi.'iary, a gymnasium, a society for literature and art, a
musi^:al society, and an antiquarian society, the fine collec-

tion of which has been mentioned above. The university,
fonm'ed in 1477, was suppressed in 1791.

Thi site of Mainz would seem to mark it out naturally
as a great centre of trade, but the illiberal rule of the arch-
bisho!)3 and its military importance seriously hampered its

commwcial and industrial development, and prevented it

from rivalling its neighbour Frankfort. It is now, however,
the chief emporium of the Rhenish wine traffic, and also
carries on an extensive transit trade in grain, timber, flour,

and oil. The natural facilities for carriage by water are
-••iip'ilenaented by seven railways. The principal manu-
fr^clwrcs of Mainz are leather goods, furniture, carriages,
chemicals, musical instrflmenta, and carpets, for the first

two of which it has attained a wide reputation. Mainz is

the scat of the administrative and judicial authorities of

the province of Rheinhessen, and also of a Roman Catholic

bishop. The population in 1880 amounted to CI, 322,
including a garrison of about 8000 men. Fully two-thirds

are Roman Catholics. Castel has about 5000 inhabitants.

^Iain7, one of the oldest cities iu Germany, was originally a

Celtic settlement. Its strategic importance was early recognized by
the Komans, and in 13 B.C. Dnisus, the son-in-law of Augustus,
erected a fortified camp (castnint) there, to which a smaller castellum

(the modem Castel) on the opposite bank was afterwards added.'

The Celtic name became Latinized as Magimliaaim or Mogunliacum,
and a town, Mngnntia, gradually arose, which became the capita)

ofGcrmania Superior. In the " Volkerwanderungen," or migra-
tions of peoples during the gradual dissolution of the Komao
empire, Mainz •was destroyed on different occasions by the
Aleraanni, the Vandals, and the Huns (451 A.D.). Christianity

seems to have been introduced at an early period, and soon after its

recovery from (he last of these calamities we find it the seat

of a bishop. In the middle of the 8th century, under Boniface,

the see became an archbishopric, to which the primacy of Germany
was annexed. Charlemagne built a bridge here and granted the
town important privileges, and in the following centuries it was the
seat of several dietaand ecclesiastical councils. In 1254 Mainz was
the head and mainspring of the league of Rheuisli towns, and had
attained to such a pitch of commercial prosperity that it was
known asthe " Goldcne Mainz." Soon after this time it is believed

that the population was as nimierous as at the present day. In

14G2, during the strife between the rival archbi.inors Diether von
Isenburg and Adolph von Nassau, Mainz espoused the cause of the

former, but was taken by the latter, who had the support o£ tho
emperor, lost its imperial privileges, and was hencefortli subject to

the archbishops. Many of its citizens were driven into exile, and
carried into other lands a knowledge of tho art of printing, which
had been invented at Mainz by Gutenberg in 1440. In the Thirty
Years' War Mainz was occupied by the Swedes and the French. In

1792 it enthusiastically welcomed the principles of the French
Revolution, and opened its gates to the Republican troops under
General Custine. It was recaptured in the following year, but was
ceded to France by the peace of Campo Formio in 1797. In 1814
it was restored to Germany and handed over to the grand-ducby
of Hesse, remaining, however, a fortress of the German Confedera-

tion, garrisoned in common by Prussian, Austrian, and Hessian

troops. Since 1871 it has been a fortress of the German empire.

For further information consult Schaab, Gcschichte cUr Stadt

ifbin:, 1S41-44 ; K. Khm, Mainz vnd seine Umgcbungen, 1868;
Bockcnheimer, Briirdgf zur Gcschichte der Stadt Mainz, 1874, and
Maim imi Umgcbungen, 1880; Werner, Z>cr ZJom ron Mainz un(f

seine Dcnkmdler, 1827-36. (J. F. M.)

!MAISTRE, Joseph de, diplomatist and polemical,

writer was born at Chambtry on the 1st April 1754,

and died at Turin on the 2Gth February 1821. The
family was an ancient and noble one, enjoying the title of

count, and is said to have been of Languedocian extraction.

The father of Joseph was president of the senate of Savoy,

and held other important offices. Joseph himself, after

studying at Turin, received various appointments in the

civil service of Savoy, finally becoming a member of the

senate. In 1786 he married Frangoise de Morand. TL?
invasion and annexation of Savoy by the French Re-

publicans made him an exile. He did not take refuge in

that part of the king of Sardinia's domains which was for

the time spared, but betook himself to the as yet neutral

territory of Lausanne. There, in 1796, he published his

first important work (he had previously written certain

discourses, pamphlets, letters, &c.), Considerations sur la

France. In this he developed his views, which were those

of a Legitimist, but a Legitimist entirely from the religious

and Roman Catholic point of view. The philosophism of

the 18th century, as shown in its political views, or rather

the second as a consequence of the first, was Joseph de

Maistre's life-long object of assault.

After the still further losses which, in the year of the

publication of this book, the French Revolution inflicted on
Sardinia, Charles Emmanuel summoned Joseph de Maistre

to Turin, and he remained there for the brief space during

which the king retained a remnant of territory on the

mainland. Then he went to the island of Sardinia itseli.
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and belJ office at Cagliari. In 1802 he was appointed

envoy oxtmordinary and minister plenipotentiary at St

Petersburg, and journeyed thither the next year. Although

his post was no sinecure, its duties were naturally less

engrossing than the official life, with intervals of uneasy

exile and travelling, which he had hitherto known, and
his literary activity was great. He only published a single

treatise, on the Principe getieraleur des Constitutions ; but

he wrote his best and most famous works, Dti Pope, De
l'£(jiise Gallicane, and the Soirees de St Pelersbotar/, the

last of which was never finished. JDii Pape, which the

second-named book completes, is a treatise in regular form,

dealing with the relations of the sovereign pontiff to the

church, to temporal sovereigns, to civilization generally,

and to schismatics, especially Anglicans and tho Greek
Church. It is written from the highest possible standpoint

of papal absolutism. The Soirees de Si Pelersboarr/, so far

as it is anything (for the arrangement is somewhat
desultory), is a kind of theodicee, A&aMng with the fortunes

of virtue and vice in this world. It contains two of De
Maistre's most famous pieces, his panegyric on the execu-

tioner as the foundation of social order, and his acrimonious,

and in part unfair, but also in part very damaging, attack

on Locke. The. Zljf Pape is dated May 1817; on the

Soirees the author was still engaged at his death. Besides

these works ho wrote an examination of the philosophy of

Bacon, some letters on the Inquisition (an institution which,

as maybe guessed from the remarks just noticed about tho

executioner, was no stumbling-block to him), and, earlier

than any of these, a translation of Plutarch's " Essay on

the Delay of Divine Justice, " with somewhat copious notes.

After IS 15 he returned to Savoy, and was appointed to

high office, while his Du Pape made a great sensation.

But the world to which he had returned was not altogether

in accordance with his desires. Ho had domestic troubles
;

and chagrin of one sort and another is said to have had

not a little to do with his death by paralysis at no very

advanced age. Most of the works mentioned were not

published till after his death, and it was not till 1851 that

a collection of Letlres et Opuscides appeared, while even

since that time fresh matter has been published.

Joseph de Maistre was one of the most powerful, aud

by far the ablest, of the lea'ders of the Neo-Catholic and
anti-revolutionary movement. Tho most remarkable thing

about his standpoint is that, layman as ho was, it wa3

entirely ecclesiastical Unlike his contemporary Bonald,

Joseph de JIaiatre regarded the temporal monarchy as an

institution of altogether inferior importance to the spiritual

primacy of the pope. He was by no means a political

absolutist, except in so far as he regarded obedience as the

first of political virtues, and be seldom loses an opportunity

of stipulating for a tempered monarchy. But the pope's

power is not to be tempered at all, either by councils or

by tho temporal power or by national churches, least of all

by private judgment. The peculiarity of Joseph de Maistre

is that he supports his conclusions, or if it be preferred his

paradoxes, by the hardest and heaviest argument. Although

ft great master of rhetoric, he never makes rhetoric do duty

for logic. Every now and then it is possible to detect

fallacies in him, but for the most part he has succeeded in

carrying matters back to those fundamental difl'erences of

opinion which hardly admit of argument, and on which

men take sides in consequence chiefly of natural bent, and
of predilection for one state of things rather than for

another. The absolute necessity of order may be said to

h.ivs been the first principle of this thinker. He could

not conceive such order without a single visible authority,

reference to which should settle all dispute. Ho saw that

there could be no such temporal head, and in the pope ho

thought that he saw a spiritual substitute. Tho anarchic

tendencies of the revolution in politics and religion were

what oflended him. It ought to be added that be was
profoundly and accurately learned in history and philosophy,

and that the superficial blunders of the 18th century

phil'^sophes irritated him as much as their doctrines. To
Voltaire in particular he shows no mercy.
A good and complete edition of Do Itlaistre has yet to appear.

Of tlie two works named as his niast'jrpieces, Du, Pape is to be
found in the Bibliothiqae Charpcntv.r, and the Soirhs de St PderS'
liourrj is printed in two voliuiies, the fifteenth edition, so-calted,

bearing date Lyons, 1878. (G. SA.)

MAISTRE, Xavier de, the younger brother of Joseph,

was born at Chambery in October 1763, and died at St

Petersburg on the 12th June 1852. He served when
young in tho Piedmontese army, and wrote his Voyage

autour de laa Cliamhre when he was in garrison at Turin.

This, a delightful fantasy piece which may have owed
something to the example of Sterne in its conception, but

which is quite original in execution, he showed to his

brother Joseph, and on his approval it was published at

Turin in 1794. Xavier, however, shared the politics and

the loyalty of his brother, and the annexation of Savoy,

followed as it was at no long date by the extinction of

Piedmontese independence, made him quit his country.

He served in the victorious Austro-Russian campaign in

which Suwaroff performed such wonders, and accompanied

the marshal to Russia. For a time he was in very reduced

ciicumstances, and is said to have supported himself by

painting. But on his brother's arrival in St Petersburg

he v^as introduced to the minister of marina He wa3

appointed to several posts in the capital, but also saw

active service, was wounded in the Caucasus, and attained

tho rank of major-general. He married a Russian lady

and established himself in his adopted country, even after

the overthrow of Napoleon, and the consequent restoration

of the Piedmontese dynasty. For a time, however, he lived

at Naples, but he returned to St Petersburg and died there.

He was only once a:t Paris (in 1839), when Sainte-Beuve,

who has left some pleasant reminiscences of him, met him.

Besides the Yotjage already mentioned, Xavier de Maistre's

works (all of which are of very modest dimensions) are Li

Leprexix de h Cite d'Aoste, a touching little story of human
misfortune, Les Prisonniers du Caucase, a powerful sketch

of Russian character. La Jeune Siberienne, and the

Expedition Noditrne, a sequel to the Voyage autour de ma
Chambre. But his Voyage is, with the L'epreux, his title to

fame. Both have a certain resemblance to Sterne, the first

in its quaintness and desultory arrangement, the second in

its sentiment. Xavier de Maistre is, however, much less

artificial than his forerunner, especially in his pathos, and

he is also much better bred. His style is of remarkable

ease and purity. The works of Xavier do Maistre, with

tho exception of some brief chemical tractates, are usually

printed in a single volume, which figures in the collections

of Charpentier, Gamier, ifec.

MAITLAND, a town of Australia, in New South Wales,

93 miles north of Sydney, in the valley of Hunter river,

and communicating with Newcastle and Port Hunter both

by steamboat and railway. It consists of two distinct

municipalities—East ^Maitland, incorporated in 1862, and

West Maitland, in 1863. The former, which is the seat

of a Roman Catholic bishop, contains a court-house, a

large prison, and a mechanics' institute ; the latter a court-

house, an excellent hospital (Campbell's Hill), a school of

arts with a considerable library, a benevolent asylum, a

theatre, and a Dominican nunnery. The district i« a ricji

agricultural country, growing maize, barley, oats, wheat,

tobacco, grapes, and oranges ; coal and shale are regularly

worked near the town ; and a good trade is carried on with

the interior townships. The inhabitants number 7881.

East Maitland having 2500 and West Maitland 6381.
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MAITLAND, JoH>r (1614-1682), earl and afUrwards

duke of Lauderdale in the peerage of Scotland, was a great-

grandson of Sir RicHAKD Maitland (q.v.). In early life

a Presbyterian, lie attended the Westminster Assembly

in 1643 as an elder of the Church of Scotland; and

he was a party to the surrender of Charles I. to the

English army in 1645. Soon afterwards, changing his

politics, he became a zealous supporter of the royal cause,

fid promoter of the Engagement for raising forces for tho

ling's rescue. He was taken prisoner at the battle of

Worcester; and, on being set at liberty in 1 G60, he repaired

to the Hague and accompanied Charles [I. to Scotland.

From 16G3 he was virtually ruler of Scotland,—at first

moderate in his counsels, but afterwards severe in his

'measures against the Covenanters. In 1672 he was made

'duke of Lauderdale and a Knight of the Garter; and ho

had also an English peerage conferred on him (with the title

of earl of Guildford) iu 1674. One of the administrative

council known as the "Cabal," he eventually fell into

disgrace, and died in 1682. His dukedom and English

honours expired with him; the earldom of Lauderdale

passed to his brother Charles, and is still in possession

of his descendants. The voluminous correspondence of

Lauderdale, which is still extant, shows that, in addition to

a remarkable power over men of all classes, great watchful-

ness and resolution, and very clear ideas of what was needed

to keep Scotland peaceful and in a state of usefulness for

'farther ends, he was possessed of no slight learning.

MAITLAND, Sir -Richabd (U96-1586), an early

Scottish lawyer and poet, was born in 1496. His father,

,William Maitland of Lethington and Thirlstane, fell at

Flodden ; his mother was a daughter of George, Lord ,

Seton. He studied law at the university of St Andrews,

And afterwards in France. He was in 1552 one of the

commissioners to settle matters with the English about the

debatable lands on the borders, and about that time had

the honour of -knighthood conferred upon him. In 1554

he was made an extraordinary lord of session. About

1561 he seems to have lost his sight, but this did not

render him incapable of attending to public business, as

he was the same year admitted an ordinary lord of session

by the title of Lethington, and in 1562 was nomifiated

lord privy seal. He resigned this latter office in 1567,

in favour of John, prior of Coldingham, his second son,

but he sat on the bench till he attained his eighty-eighth

year. He was an amiable and accomplished man, and died

in 1586, aged ninety, after having been employed in public

offices for upwards of seventy years. His eldest son,

William, forms the subject of next article. His second

son, John, was a lord of session, and was made a lord of

parliament in 1590, by the title of Lord Maitland of

Thirlstane, in which he was succeeded by his son John, also

/or some time a lord of session, who was created earl of

Lauderdale in 1624. The latter was the father of John

Maitland, duke of Lauderdale, noticed above. Oneof Sir

Eichard's daughters, Mary, assisted her father in his

Itudies, and also wrote verses.

Tho poems of Sir Richard Maitland, none of thera lengthy, are

lomewhat satiiical, and are principally directed against the abases of

iis time. He most, however, be regarded as the industrious collector

ind preserver of many pieces of ancient Scottish poetry. These were

»pied into two large volumes, one in folio and another in quarto,

he former written by himself, and the latter by his daughter.

After being in the possession of his descendant the duke of Lau-

lerdale, these volumes were purchased at the sale of the duke's

lihrary by the celebrated Samuel Pepys, who was one of the first

;ollcctor3 of rare books in England. They have since been pre-

»erved iu the Pepysian Library, ilagdalene College, Cambridge.

They lay there unnoticed for many years till Bishop Percy pub-

pshed one of the poems in his lUliqucs of English Podnj. Several

of the pieces were then transcribed by John Pinkerton. who after-

wards published them under the title of Andenl Sco'lish Poems,

vrr.prising Pieces written/rom about 1420 till 1686, with Ifotes and

a Glossary, 2 vols. 8vo, London, 1786. Sir Hit-hard Icffln mana>

script a history of the family of Seton, and a volume of l<>gal

decisions collected by him between the years 1550 and 1565. Both

are preserved in the Advocates' Library, Edinburgh, and the latter

work is still unpublished. The Poems of Sir Richard Maitland were

printed in 1S3U by the Maitland Club, a literary society, founded

m Glasgow in 1828, which took its name from him. The MS.

used for the purpose was one preserved in the Drummond col-

lection in the library of the university of Edinburgh. It seems

to have been written shortly before the year 1627, when it was

presented by Drummond to the library. In 1829 there was also

printed for the club The History of the House of Seytoun to the

year 1559, with a continuation to 1687 by Alexander, Viscount

Kingston.

MAITLAND, William (c. 1525-1573), best known in

Scottish history by the name of his father's estate of

Lethington, near Haddington, where he resided, was the

eldest son of Sir Richard JIaitland, noticed above. Born

about 1525, and partly educated in France, he was at

an early age initiated into public life. He was made

secretary of state by Mary of Guise in 1558 ; but the favour

with which he regarded the views of the reforming party

soon exposed him to the queen mother's resentment. He

became one of the "lords of the congregation," and was

also one of the Scottish commissioners who negotiated with

Queen Elizabeth regarding the terms on which she would

agree to aid the Reformers. Soon after Clary's arrival

in Scotland, he was employed in two embassies to Eng-

land, and was made first an extraordinary and then an

ordinary lord of session. He had a controversy with

Knox, whom he accused in the General Assembly of 1564

of teaching seditious doctrine. He went again to Eng-

land as ambassador to notify the queen's marriage to

Darnley, and was implicated both in the conspiracy against

Rizzio and in the Kirk of Field tragedy, though he was

also a member of the secret council at which the deposi-

tions of Darnley's murderers were taken, and signed the

act of council accusing Mary of being the author of the

crime. He fought against the queen at Langside, but at

the conference at York identified himself iu a measure

with her interests. At the instance of the regent Murrajy

he was in 1569 arrested as a participant in the king's

murder, and would have been brought to trial but for a

ruse of Kirkcaldy of Grange, who, as commander of Edin-

burgh Castle, conveyed him thither as a prisoner. The

two principal representatives of JIary's cause, Lethington

and Grange, who may be described as the forlorn hope of

the captive queen, held the castle of Edinburgh for some

time at'ainst the regent Morton and an English force; and,

when surrender became a matter of necessity, they made

their submission, not to the regent, but to tho English

queen. Kirkcaldy was executed ; but Maitland died m
prison it was generally believed of poison administered

by his own hand, on 9th June 1573. " Secretary Mait-

land" was a man of great learning and power of repartee,

wanting in integrity, but skilled in intrigue, and reputed

tho most accomplished and most versatile statesmen

that his country has produced ; in the opinion of his con-

temporaries his capacities were too great for tho narrow

sphere of Scottish politics.

MAITTAIRE, Michel (1668-1747), bibliographer and

editor, was a native of France, and was born in 1668.

On the revocation of the edict of Nantes his parents, who

were Protestants, removed to England, where ne was

educated at Westminster and at Christ Church, Oxford,

graduating in 1696. From 1695 to 1699 he taught in

Westminster School, but afterwards devoted himself exclu-

sively to private teaching and editorial work. He died on

August 4, 1747.
.

Maittaire was a great lover of books, but no critic ;
and his

nnmerous editions take rank only as compilations. Hi- ^°^''^^^^"

elude De Gr3=c.^ Lingum Dialeais/VOe ;J'fi''^«£r""Lf"i^,!;
vUas ipsorum el libros ompleciens, 1713 j Hxstorui Typographe^nm
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tiJigiicil'Parisicusiuin, ritas ct libros cojnpledcns, 1717; Annnhs
Typographici, 9 vols. 4to, The Hactiie, Amsterdam, and London,
J719-41 ; Marmora Oxonicnsia, 1732 ; editions of a laigo number
•f Latin authors (Lucretius, Plinedrus, Sallust, Terence, kc), as well
«S an edition of Anacreon (1725^ and Miscellanea Graecorum aliquot

tariptorum Carmina, 1722.

MAIZE, or Indi.\n Corn, Zea Mays, L., from ^ca or

t,(i<x, which appears to have been "spelt" {Tiiticuni spdta,

L.), according to the description of Theophrastus, is of the

tribe Phalaridem of the order Graminex or grasses. It is

unknown in the native state, but is most probably indi-

genous to tropical America (Endlicher, Gen. PI., No. 742).

Small grains of an unknown variety have been found in

the ancient tombs of Peru. Eouafous, however (Hlsloire

naturelle dii Mais), quotes authorities (Bock, 1532, Ruel
and Fuchs) as believing that it came from Asia, and maize

was said by Santa Rosa de Viterbo to have been brought

by the Arabs into Spain in the 13th century. A drawing

of mai^e is also given by Bonafous from a Chinese work
on natural history, Li-chi-tchin, dated 1562, a little over

Bixty years after the discovery of the New World. It is

not figured on Egyptian monuments, nor was any mention

made of it by Eastern travellers in Africa or Asia prior to

the 16th century. On the authority, however, of Mr J.

Crawford, who resided for nine years in Java, Bonafous says

it had been cultivated from a very ancient period in the

Asiatic islands under the equator, and that it was received

tlience into China, and so passed westwards into India and
Turkey, hence its name of " Turkey corn," under which title

Gerard in 1597 figured and described seven kinds, as well

as one called " Corne of Asia." Both Gerard and Bonafous

think that it first came from the East, 'but that on the dis-

covery of America it was reintroduced into Europe from

that country. The former observes :
—" These kinds of

graine were first brought into Spaine, and then into other

provinces of Europe out of Asia, which is in the Turkes

Dominions ; as also out of America and the Hands adioyn-

Mig from the East and West Indies and Virginia, kc."

llumboldt and others, however, do not hesitate to say that

it originated solely in America. It had been long and

fsi-ensively caltivated there at the period of the discovery

of the New World. The plant is monoecious, producing

the staminate Cmalej flowers in a large fc.thery panicle ut

Flo. 1.—Male. Fic. 2.— Male.

Ute summit, and the ^female) dense spikes of flowers, or

"bobs," in the axils of the leaves below, the long pink

styles hanging out like a silken tassel. They are invested

by the sheaths of leaves, much used in packing oranges in

South Europe, and the j^^s <!eli;ato ones for cigarettes

in South America. The accompanying figures are afte?

Nees Ton Esenbeck, Gen. PL Fl. Germ. Fig. 1 shows a
branch of the terminal male inflorescence. Fig. 2 is a
single spikelet of the same, containing two florets, with
the three stamens of one only protruded. Fig. 3 is a

Fig. 4.—Female.

Fio. 3.—Female.

spike of the female inflorescence, protected hy the sheaths

of leaves,—the blades being also present. Usually the

sheaths terminate in a point, the blades being arrested.

Fig. 4 is a spikelet of the female inflorescence, consisting

of two outer glumes, the lower

one ciliated, which enclose two

florets,—one barren (sometimes ,

fertile), consisting of a flowering '

glume and pale only, and the

other fertile, containing the pistil

with elongated style. The ma^s

of styles from the whole spike

is pendulous from the summit

of the sheaths, as in fig. 3.

Fig. 5 shows the fruit or grain.

More than three hundred varieties are known, which

difFei*" more among themselves than those of any other

cereal. Some come to maturity in two months, others

require seven months ; some are as many feet high as

others are inches ; some have

kernels eleven times larger than

others. They vary similarly in

shape and size of ears, colour of

the grain, -which may be white,

yellow, purple, striped, &c., and also in physical characters

and chemical composition,—in short, in all those char-

acters in which the different species of a genus differ

among themselves. The varieties grown most abund-

antly in' the United States may be roughly grouped into

four great classes. The "Flint" varieties are most common

east of Lake Erie and north of Maryland, and the "Dent"

varieties are the common ones west and south of thece

points. The "Horsetooth" varieties are grown extensively

only in the south, and there they are grown along with

the dent.. These three classes pass into each other by

every gradation, and the grain from all is similar in

chemical composition. The "Sweet" varieties are not grown

for the ripe grain, but for boiling corn, and that the stalks

may serve as "corn fodder." "Green corn " was an im-

portant food with the native Indians. Many of the tribes

celebrated its season with religious ceremonies and festivals.

In the large cities of America ."green corn" is a table

luxury, but in the smaller towns and country districts it

is an important article of food. Chemical analysis, as

well as common experience, shows that this is a very

nutritious article of food, being richer in albuminoids

Fia. 5.—Grain.
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than any otHer ce'reab when ripe (calculated in the dry

weight). It is capable of being grown in the tropics

from the level of the sea to a height equal that of the

Pyrenees, and in the south and middle of Europe, but

it cannot be grown in England with any chance of profit,

except perhaps as fodder. Frost kills the plant in all its

stages and all its varieties ; and the crop does not flourish

well if the nights are cool, no matter how favourable the

other conditions. Consequently it is the first crop to dis-

appear as one ascends into the mountain regions, and com-

paratively little is grown west of the great plains of North

America. In Brittany, where it scarcely ripens the grain,

it furnishes a strong crop in the autumn upon sandy soil

where clover and lucern will yield but a poor produce. It

prefers a deep, rich, warm, dry, and mellow soil, and hence

the rich bottoms and fertile prairies of the Jlississippi

basin constitute the region of its greatest production.

Illinois leads in total amount, producing in 1879 nearly

326 millions of bushels, or 105 bushels per head of

population. The region of chief production iu the United

States may be described as a rude ellipse 900 miles long

from east to west by COO miles wide, with Springfield

(the capital of Illinois) as its centre. This region pro-

duces annually from 1000 to 1400 millions of bushels, or

nearly three-fourths of the total crop of the country.

As an article of food, maize is one of the most extensively

used grains in tbe world. Although rich in nitrogenous

matter and fat, it does not make good bread. A mixture

of rye and corn meal, however, makes an excellent coarse

bread, formerly much used in the Atlantic States, and a

similar bread is now the chief coarse bread of Portugal

and some parts of Spain. When the harder " flint

"

varieties are roasted, the grains " pop," the skin bursts,

and the white interior swelb up, emitting a pleasant

odour. It is either baked into cakes called tortilla by
the Indians of Yucatan, or made into a kind of porridge,

as in Ireland. When deprived of the gluten it constitutes

oswego, maizena, or corn flour (see Letheby's Lectures on

Food, p. 19; and Foods, by E. Smith, 156). Maize con-

tains more oil than any other cereal, ranging from 3'5 to

9 '5 per cent, in the commercial grain. This is one of the

factors in its value for fattening purposes. In distilling

and some other processes this oil is separated and forms

an article of commerce. When maize is sown broadcast

or clossly planted in drill.'?, the ears may not develop at

uU, but the stalk is richer in sugar and sweeter, and this

is the basis of growing "corn-fodder." The amount of

forage that may be produced in this way is enormous

;

50,000 to 80,000 B) of green fodder are grown per acre,

which makes 8000 to 12,000 lb as field-cured. Sugar
and molasses have from time to time been manufactured

from the corn stalks, but at present this manufacture is

not commercially successful.

In the treeless western prairies maize is often grown for

fuel, as in many places fuel can be procured so cheaply in

no other way. A hundred bushels of ears is equal in

heating power to a cord of the best hard wood, and may
be grown for a price less than a cord of hard wood brings

in the large cities. The use of corn in the industries, as

the raw material for the manufacture of alcohol, whisky,

starch, glucose, oil, and various food products, increa-'es

year by year, with the increase of facilities for production

and the increasing applications of chemistry to the arts.

For fnller details See a paper by Professor W. H. Brewer, Yale
Col., Conn., from which some of the above details are taken, as
well .ns the Special licpert on Cereal Products, Washington, 1882,
and the 38th Annual Report of the New York State Agricultural
Society, 1878. (G. H.)

MAJL.iTH, J.Lvos or John, Count (1786-1855),
Hungarian historian and poet, was born at Pest on the

6th of October 1786. First educated at home, he subse-

quently studied philosophy at Egcr (Erlail; and law at

Gycir (Raab), his father, Count Joseph MajlAth, an
Austrian minister of state, eventually obtaining for him au

appointment in the public service. The weakness of his

eyesight having rendered it necessary for him a few years

later to resign the Governnieut secretaryship to which he

had been promoted, MajlAth turned his attention to litera-

ture, especially devoting himself to historical research, and
the translation into Gorman of ilagyar folk-tales, and of

selections from the works of tlic best of bis country's

native poets. Moreover, as an original lyrical writer, and

as an editor and adapter of old German poems, Majlath

showed considerable talent ; and, in general, his activity

as an author was remarkable, his various literary produc-

tions in German and Hungarian amounting together to

more than sixty volumes. During the greater part of his

life he resided either at Pest or Vienna, but a few years

before his death he removed to Munich, where he fell into

a state of destitution and extreme despondency. Seized

at last by a terrible infatuation, he and his daughter

Henriette, who had long been his constant companion

and amanuensis, determined to put an end to their depend-

ent position by drowning themselves in the Lake of Starn-

berg, a few miles south-west of Jfunich. This fatal resolu-

tion was carried into eflfect on the 3d of January 1855.

It is generally admitted that in liis great historical treatises

Count Majlath has failed in a critical discrimination between the

merely mythical or poetical and the true historical element,—the

former not unfrequently being allowed to unduly influence and
obscure the latter. The political tendency of his writings, more-

over, has been objected tn. oupecially by his own countrjinen, as

being too conservative and over-favourable to Austria. Of his his-

torical works the most important are the Geschkhtc der ilagyaren

(Vienna, 1828-31, 5 vols. ; 2d. ed., Ratisbon, 1852-53>, and his

Gcschichlc d(s astei-reichiscltcn Kaiscrslaats (Hamburg, 1834-50, 5

vols.). Specially noteworthy among his metrical translations from

the Hungarian are the Magyarischc Gcdichtc (Stuttgart and
Tubingen, 1825) ; aniSimfy's attserlesene Liebeslicder (Pest, 1829 ;

2d. ed., 1831 , see Kisfaludv, S.ujdor). A valuable contribution

to folk-lore appeared in the Magyarische Sagcn, Mdrcheii, und
Erzahlungen (Briinn, 1825 ; 2d ed., Stuttgart and TiibingeD, 1837,

2 vols.).

MAJOLICA. See Pottery.

MAJOR, or Mair, John (c. 1470-1550), a theological

and historical writer, was born at the village of Cleghorn,

near North Berwick, Scotland, about the year 1 470. After

a short period spent at Cambridge, he entered the university

of Paris in 1493, studying successively at the colleges of

St Barbe and Montaigu, and graduating as master of arts

in 1496. Promoted to the doctorate in 1505, he lectured

in philosophy at Montaigu College for some time, and had

several distinguished auditors. From 1518 to 1522 he

held the office of .principal in the university of Glasgow,

John Knox being among tbe number of those who attended

his lectures there ; he was afterwards removed to St

Andrews, where George Buchanan was one of his pupils

in 1525. He appears again to have returned to France

for some time, but we find him once more at St Andrews
in 1530, whafe he was head of St Salvator's College from

1533 until his death, which took place about 1550.

He Tiote In Libros Scntentiarum commenlarius, Paris, 1509-

19 ; De Historia Gentis Scolorum libri sex, Paris, 1521 ; Commen-
tarius in Physica Arisloteiis, Paris, 1526 ; and In Qiiatiior Eian-
gelia Expositicmes Luculeniss, Paris, 1529. By Enox he is spoken
of as having been in his day an oracle in religious matters ; and it

has been conjectured that both the great Reformer and Buchanan
were largely indebted to him for their advanced opinions on politi-

cal and ecclesiastical questions. His writings do not now, however,

possess any inter., c or importance apart from this circumstance;

and even Buchanan has allowed himself to speak of his old pre-

ceptor as "Joannes solo cognomine major."

MAJORCA. See B.a.EARic Islands.

MAJOKIANUS, JuLics ViLERirs, emperor of the

West from 457 to 461, was the successor of Avitns. He
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had been a distinguished soldier under Aetius, and also

after the death of that general ; for his election to the

purple he was indebted to the powerful Count Eicinier,

patrician of Rome. To put a stop to tho harassing incur-

sions of the Vandals he, in 458, resolved to lead an expedi-

tion against Gonseric himself ; for this purpose ho got

together a large army, composed chiefly of barbarians, and,

passing the Alps in November 458, made Lyons, and
afterwards Aries, his headquarters until tho preparations

for tho invasion of Africa had been completed. Having
during his stay in Gaul succeeded in pacifying Theodoric,

he, in the beginning of 4G0, crossed tho Pyrenees for the

purpose of joining his armament at Carthogena. Genseric,

liowever, after all overtures for peace had been rejected,

succeeded through the treachery of certain officers in surpris-

ing the Roman fleet, most of the ships being either taken

or destroyed. JIajorianus returned at once to Gaul, where

he made peace with Genseric in the following year. Soon
.ifterwards, while at Tortona in Lombardy, be was sur-

rounded by partisans of Ricimer, and compelled to

abdicate (August 2, 461). He died, most probably by
violence, five days afterwards, and was succeeded on the

throne by Severus. He was the author of several laws,

which, " remarkable for an original cast of thoug'it and

expression, faithfully represent the character of a sovereign

who loved his people, who sympathized in their distress,

who had studied the causes of the decline of the empire,

and who was capable of applying (as far as such reforma-

tion was practicable) judicious and effectual remedies to

the public disorders" (Gibbon, Decline and Fall, chap.

39).

MAKALLA, or Maculla, a port on the south coast of

Arabia, in 14° 31' N. lat. and 49° 13' E. long. The
town, which appears to be of no great antiquity, is described

by Wellsted as built on a low projecting point, with many
lofty and substantial houses, and a suburb of huts, chiefly

inhabited by slaves, Somalis, and Arab sailors, on the slopes

leading up to a lofty chalk-hill (.Jobel el-Kdra) which

overhangs tho town. The Arab inhabitants are of the

Beni 'IsA tribe. Tho Somali traders do not settle perman-

ently in Makalla, but they form an important element in

the population. There are also Indian residents (Banians).

The harbour is good, and the town, which may be regarded
I

as tho port of Hadramaut, rose during the decline of Aden
|

to the rank of the chief emporium between India and the
]

Somali coast. It still exports, among other productions of

Hadramaut, tobacco, mother-of-pearl, and incense to

.Jeddah and shark fins to India, but has lately declined

in the general transform'ation of the character of tho

Eastern trade. According to the latest Arabic accounts

(see Badger in the Academy, March 4, 1882), tho town
contains about a thousand hou.ses. Makalla is governed

by a prince or nakib who is esteemed one of the chief

minor potentates of that coast. The present prince Salah

el-Kes;ldf has made himself quite independent of tho sur-

rounding Bedouins, and is even reported to have mado
conquests in the interior.

JIAKKAld. Abu'l-'Abbas Ahmed ibn Mohammed cl-

Makkari, Arabic historian, was born at TilimsAn (Tlemcen)
in Algeria, towards the close of the IGth century, and
studied at Fez, where ho remained occupied with literary

pursuits till, for some unknown cause, ho was driven into

exilo and, after visiting Mecca, settled in Cairo. In 1628
lie camo to Damascus after a pilgrimage to Jerusalem.

Warmly received by the scholars there, he delivered lec-

tures on the traditions of the Prophet, and in the evenings
entertained his friends with stories of tho glories of Moslem
Spain, a subject of interest to all Arabs, and especially to

those of Syria. His friends made him promise to reduce
lis uarrative to writing, and on returning to Cairo he

devoted three years to this task. He had divorced hia
wife and made other preparations to settle definitively in
Damascus when death overtook him in 1631.

JFakkary's great work, I'he Breath of Perfumefrom the Branch oj
Green Andalusia, and Memorials of Us Vizier Lisdn el-Din ilm
el Khalib, consists, as the name indicates, of two parts. The first

is a general history aud description of Jlohammedan Spain, mainly
in tlie form of aiialccta from a number of authors, with many
vcr.scs interspersed. Tliis jiart, wliich is of great historical value,
was published in nn (incomplete) English version by P. de Gayangos
(London, 1840-43) and in Arabic by Wriglit, Krehl, Dozy, and
Uiigat {Analecles sur I'/iistoire et la littiraturc desAruhes d'Espagne,
Leyden, 1855, 1856, 1858, 1861). An edition in four volumes,
iniblislied at Cairo (1863), contains also (in vols. iii. and iv.) the life

of tlio lamons statesman and author Lisdn cl-Din, vizier of Granada
(oS. 1374). Further references to literature aro given by Pertscli,

Arab. Ildsehr. zu Gotha, No. 1697. Among other works of Slakkaii
a conimeutarv on the proVcgomena of Ibn Khaldiiu is mentioned
(H. Kh., 8043).

MAK6, a corporate town of Hungary, and capital of

the trans-Tisian county of CsanAd, is situated near *b*«

right bank of the Maros, about 15 miles east-south-easr/»f

Szeged, in 46° 13' N. lat., 20° 28' E. long. The town
consists of the three wards of BujAk, Szent-LiJrincz (Saint-

Lawrence), and UjvAros (New Town), and has, besides vha
usual official buildings connected with the administration

of a county, Roman and Greek Catholic, Lutheran, ^v.d

Calvinist churches, and a synagogue ; also an elegant

(Calvinist) gymnasium, the bishop of CsanAd's palace and
gardens, royal and circuit courts of law, barracks, tax and
salt offices, a timber trading agency, a manufactory of

agricultural implements, and numerous mills. The sur-

rounding country is fertile. The communal lands are

extensive, and afford excellent pasturage for horses and
sheep, as also for large herds of horned cattle, for the size

and quality of which JIak6 has obtained a high repute.

An abundance of fish and aquatic fowl is supplied by the

Maros, the water of which river is used also for drinking

purposes, that from the wells being unpalatable. The town

is protected from inundations of the Maros by a powerful

dike, but the commune nevertheless sometimes suifers

during the spring floods (see Hungaey, vol. xii. p. 333).

The population, which is chiefly agricultural, amounted ia

1880 to 30,077,' mostly Magyars by nationaUty. A great

part of the busine.ss of the town is in the hards of Jews.

JIAKRiZl Takf el-Din Ahmed ibn "Alf el MakrizI

(1364--1441), one of the most meritorious of Arabic

historians and archaeologists, was descended on both sides

from families of scholarly distinction. His hereditary

surname of Makrlzf, by which ho is usually known, was

derived from Makriz, a suburb of Ba'lbck,' with which

town his paternal ancestors had been connected. Takl

el-Din himself was born in Cairo, aud spent his life mainly

in Egypt, where he was brought up as clerk in a Govern-

ment oftice, and at a later date he became Mohtexib (a sort

of police officer in charge of the markets) for Cairo and

northern Egypt, and afterwards inspector of the KalAnesl

foundation at Damascus. He cleclined the post of cadi

in the latter town. He was, however, mainly engrossed in

scholarly pursuits as a traditionist aud a jurisconsult, but

especially as an indefatigable student of history. He is

reproached by his contemporaries for a somewhat inordinate

zeal in theological controversy, but otherwise passed a

quiet and uneventful life. Makrizi's literary activity was

very great ; he was not a man of original power, and his

books are largely compilations, in which he is not always

scrupulous in naming the sources to which he is indebted,

but his learning was vast, his observation accurate, and his

' Roman Catholics, 11,178 ; Greek Catholics, 1156 ; Greek Eastarm

Church. 60; Colvinists, 15,492; Lutherans, 445; Jews, 1452;

Unitarians, 4.

-The year of his birth is variously given as 760, 766, 769 A.H.

;

but 706 A.H. (1364 a.d.) is the dato best authenticated.
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judgment Bagacious. His most important work is the

historical and topogrataical description of Egypt {El-

Maivd 'h tva'l-rtibdr/i dhikr d-IIitat zval-Athdr), of whicli

.«n edition in 2 vols, folio has appeared at BulAk (1270

i.H., 1854 A.D.). This is in many respects a monumental

work ; the elaborate description of mediaeval Cairo is of

unique interest.* It has enjoyed a great reputation, having

even been translated into Turkish.

Besides this work Makrizi wrote a variety of otlier books bearing

on Egypt. The unfinished Mukajf'ii is a vast alphabetical cycloptcdia

of Egyptian biography ; three volunics of the author's autograph are

at Leydcn (Dcccxx of the printed catalogue), and one is at Taris.

He also wrote three works on the history of Egypt under the lloslems.

An imperfect copy of the second in the author's autograph, containing

the history of tho Fatimites, is at Gotha (Pertsch, No. 1652 ; Kose-

garten, direst., p. xvii.), while tho third (history of the Ayyi'ibite

and Mameluke sovereigns) has been in great part translated by
QuatremJre (Histoirc dcs Sultans Mmnlouks ch I'Eijjipte, 2 vols.,

1837-45). Of a biographical dictionary of Makrizi's contemporaries

one autograph volume IS preserved at Gotha (No. 1771). A number
of minor works of our author are known in Europe iu MS., and
several have been published, viz., on the Moslems in A^'yssinia, by
Bink, 1797 ; on Mohammedan Coinage, by Tychsen, 1797, and
French translation by Do Sacy, 1797; on Arab IVeights and
Measures, by Tychsen, 1800 ; on the Arabic Tribes that Migrated

to Egypt, by Wuestenfeld, 1847 ; History of Hadramaut, by
Noskowy, 1866. Of a great work on the earliest history of tho

Arabs part at least is still known in Egypt.
Fer further details as to Makrizi and his writings see the con-

temporary biographies published by De Sacy (Chrcsl. Arahe) and
Haniaker {S2>ee. Cat. Cod. Lugd. Bat,), and the introduction to

Quatrcmire's work already named.

MALABAR, a district iu the Madras presidency, ludi i,

between 10° 15' and 12° 18' N. lat., and 75° U' and
76° 52' E. long., is bounded on the N. by South KAnara, on

the E. by Coorg, the Nllgiri hills, and Coimbatore district,

on the S. by Cochin and Travancore states, and on the W.
by the Arabian Sea. The extreme length is 145 miles,

while the breadth varies from 25 miles in the north to 70
miles in the south ; the area is 57G3 square miles. Mala-
bar is singularly diversified in its configuration ; from
tlifi eastward, the great range of the Western Ghilts,

only interrupted by the Palghdt gap, looks down on a

country broken by long spurs, extensive ravines, dense

forests, and tangled jungle. To the westward, gentler

slopes and downs, and gradually widening valleys closely

cultivated, succeed the forest uplands, till, nearer the

seaboard, the low laterite table-lands shelve into rice plains

and backwaters fringed with cocoa-nut -jialms. The coast

runs in a south-easterly direction, and forms a few head-

lands and small bays, with a natural harbour in the south

at Cochin. In the south there is considerable extent of

table-land. The mountains of the Western GhAts run

almost parallel to the coast, and vary from 3000 to 7000
feet in lieight. One of the most striking features in the

country is the Palglidt gap, a complete opening in the

Western Ghilts some 25 miles across. The chief rivers

are the Beliapatam, Kota, Mahe, Beypur, Kadelundi, and
PonAni. One of the most characteristic features of Malabar
is an all but continuous chain of lagoons or backwaters
lying parallel to the coast, which have been formed by the

action of the waves and shore currents in obstructing the

waters of the rivers. Of these backwaters the most
important are the KavAi and Beliapatam in the north,

the Payangadi, Quilandi, and Elatur in the middle, and
the ChetwAi and Kodungalur in the south. Connected as

they are by artificial canals, they form a cheap and abundant
means of transit ; and a large local trade is carried on by
inland navigation. Fishing and fishcuring is an important

' 'Various extracts have been published in Europe, e.g., the History
oj.the Copts, io Arabic and Gcrmau, by Wuestenfeld (Gcitt., 1845).
For other extracts, list of MSS., &c., see Pertsch, Arab. Hand-
schrt/len zu Gotha. No. 1675 ; and Cat. Cwld. MSS. Or. Mus, Brit.,

p. 156.

industry, tho value of the exports of salt fish to Cevlon
being about £20,000 per annum. The forests are exten.^ive

and of great value, but they are almost entirely private

property. The few tracts which are conserved have come
into (Jovernnient hands by escheat or by contract. Wild
animals include the elephant, tiger,. panther, bison, sambhai-,

spotted deer, liog, Nllgiri ibex, hyjenn, and bear. Small

gamo is very abundant.

The census of 1872 returned the population of the di.strict at

2,261,250, namely, Hindus, 1,637,914; Mohammedans, 581,609;
Europeans, 2579; Eurasians, 5409; native Christians, 32,280;
.Tains, 31; and "others," 1428. Tlio Jloplas or Mapilas, who form
a leading section of the Mohammedans, are the descendants of
Malayalaui converts to Ish'im, mainly confined to the coast tract. ,

They are fanatical and bigoted, and their outrages, jiortly fauHtical

and partly agrarian, have for long been a distinct feature in Mala-
bar history. Many of these outbreaks have necessitated the ose
of European troops for their suppression. A few Syrian Chris-

tians are found in tlie south of the district, where they have one
church. The Roman Catholics have several churches and villages,

the chief occupation of the people being fishing and cultivating

vegetables. The existing Konian Catholic mission dates from 1656,
having been founded by tho Caimelites. Tho Protestant Basel

mission, established in 1839, has foundcil churches and schools at

Calicut, Cannauore, Tcllicherri, and Palgluit, with branch establish-

ments at Chombia and Todakcl. The native Christian population

is steadily increasing, mainly through the conversion of low-casto

Hindus, who gain in social position by the change. The five largest

towns, which are all municipalities, are Calicut, the capital, popula-

tion 48,338; Palgliat, 31,115; Tellicherri, 20,479; Cochin, 13,688;
and Cannanore (Kananur) town and cantonment, 10,265.

In 1880-81 926,359 acres were under cultivation, and 2,869,966
were returned as cultivable. Rice, which occupied 550,281 acres

in 1881, forms the principal food crop, but it is also Urgely
imported from neighbouring districts. Other crops are cholam,

rag't, chama, gingelly seed, castor-oil seed, gram, colTee, pepper,

ginger, arrowroot, cardamoms, chillies, onions, cocoa-nut, areea

nut, cinnamon, &c. Cocoa-uut gardens form one of the greatest

sources of commercial wealth; the value of the exported produce
from Madras in 1880-81 was £141,800, chiefly from Malabar, this

being a decrease of 18 per cent, on the year preceding. Pepper
and spices yield over a quarter of a million. As a rule, the

peasantry are well off and free from debt. The district is uot liable

to blight flood, or drought. 'When, however, the neighbouring
districts to the east suffer from scarcity, Malabar, which ordinarily

imports grain, is affected by the prevalence of high prices.

The district is fauly supplied with means of communication,
and possesses 400 miles of good metalled roads, besides minor
cart tracks. The water communication provided by the backwaters
and their canals has already been referred to. The Madras rail-

way traverses the southern jiart of the district for a total dis-

tance of 89 miles from Walllav to Beypur. Except cloth weaving,
and the making of tiles, bricks, &c. , at the mission sfations at

Calicut and Cannanore, and the weaving of coarse cotton cloths

and mats at Palghat, there are no local m.inufacture3 worthy of

mention. The weaving of calico, which derived its name from
Calicut, seems to have altogether died out ; while un.successful

attempts have been made to manufacture canvas at Beypur and
silk at Palghat. The principal seats of commerce are Calicut,

Cannanore, Tellicherri, Cochin, Palghat, and Badagara. In 1876-
77 the value of the imports (which were abnormally increased by
the famine demand for rice) amounted to £1,765,200, of which
£1,118,000 was for rice ; exports £2,466,000, of which £960,000
represented coffee. European banks are represented at Calicut,

Cochin, and Tellicherri.

The revenue has largely increased of late years. Iu 1880-81 the
land revenue amounted to £176,062, and the gross revenue to

£332,628. The number of pupils connected with the various
schools at the same date was 20,971. The principal educational
institutions are the provincial .school at Calicut, the mission school
at Tellicherri. the Palghat high school, and the " Kerala V'idya

Sala," recently established by thezamorin, for the instruction of the
young noblemen of his family and of other influential personsin the
district. Nearly one hundred schools are exclusively confined to

Mophis. There are several printing presses at Calicut and Cochin,
and at the latter port are jmblished two English and two Malay-
alam newspapers. The climate of the district is, ou the whole,
healthy; the rainfall is heavy, averaging 120 inches a year, of

which about 80 inches fall in .lune, July, and August. The tem-
perature varies from 60° in December to about 92° in the hot
weather in JIay. The principal diseases are small-pox, dysente.'y,

and fever.

M.\LACCA. The town of Malacca lies on the south

west coast of the JIalay Peninsula, in 2° 14' N. lat. and
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102' 12' E. long. It is situated on a small river bearing

its name, which separates it into two parts. That on the

right bank is occupied by the old Dutch town, and that on

the left by the business quarter, which is connected with

tl\e former by a small brid-'', and is chiefly inhabited by
Chinese and native traders. The view of Malacca from

the harbour is picturesque and pleasing to the eye. From
Flagstair Hill on the left—whose slopes are always of a

bright emerald green—to St John's Hill on the right, on

which stand the ruins of the old " Dutch redoubt,"—hidden

in a mass of wild vegetation,—stretches for a distance of

about half a mile a row of spacious dwelling houses belong-

ing to European and wealthy Chinese and Arab residents.

These houses are roofed with neat red tiles, and have

windows opening to a stono verandah facing the sea. Each
house is surrounded by a large " compound," laid out with

» flower garden in front and a "plantation " or orchard at

the back. Adjoining this European quarter lies a large

suburb of native and other dwellings almost concealed in

a dense forest of beautiful fruit trees. Behind this we see

a prominent green hill, formerly used as a fort, and now
as a Chinese burial-ground, and beyond this the horizon is

hemmed in by a long chain of the Brnong and Rumbow
Hills, while far in the extreme east rises the jagged cone

of Mount Ophir, blue as sapphire in the distance.

Since the destruction (in 1807) of the old Portuguese

fort erected by Albuquerque, the " antiquities " of Malacca

are reduced to a mero name. At the foot of Flagstaff

Hill, however, are the remains of the massive wall which

surrounded the hill, with an arched and carved gateway.

On the summit of the hill, where a fine view is had of the

harbour and the Water Islands, are the ruins of the first

Christian church planted in Malayan territory, and also a

portion of the old convent. At the back of this hill to the

right may be noted the barracks, hospital, and convict

lines, and ^jassing under some fine "ausana" trees—the

shady elms of the East—we reach the garden of the old

Dutch stadthouse, and then a green square, facing

which are the court-house and other Government build-

ings, and the old Dutch church. All these buildings

have sloping roofs covered with small square tiles after

the Dutch style of architecture of the IGth century. This

is quite a unique example of Dutch domestic architecture

in the East, and several of the adjoining streets still bear

their Dutch designation, as "Heren Straat," "Jonker

Straat," &c. The stadthouse is approached by a fine

flight of stone steps, forming a covered way to the upper

rooms. These are occupied by the governor of the Straits

Settlements and the judge during their annual or biennial

visits, and those in the lower story are used as Government
offices. From the interesting ruins of the Dutch redoubt

on St John's Hill an extensive view may be had of the

count'y running around and to the north and south of

Malacca. Its general aspect in the immediate vicinity is

that of a flat country covered with luxuriant " dusnons " or

plantations of fruit trees, and extensive forests of tall

timber ; beyond this is an open country, interspersed with

extensive plantations of tapioca, which at a distance

resemble fields of clover; then follow rice-Selds, and
marshes or fens, and at the foot of the bills patches of

virgin forest, the whole being walled in by a range of blue

liills. The climate of Malacca is very healthy, and the

thermometer in the shade ranges from 72" to 81° or even
90° Fahr. The population, which is hot very largo, con-

sists of Malays of the surrounding countries, of Malacca
Portuguese (the mixed dercendants of early Portuguese
settlers), of Chinese proper and a large number born of

Malay mothers. There is also a sprinkling of natives of

India and of Arabs. The Malacca Portuguese employ
themselves as fishermen, servants, and clerks ; the rest

15-13*

are eliiefly engaged in agricultural and commercial pur-

suits.

In consequence o£ its thallow harbour, Malacca has been com-.

pletely outstripiied as a seaport by Singapore and Penang, though
It still carries on a brisk trade with the surrounding countries in

Malacca canes, stufl'ed birds of beautiful plumage, poultry, aucj

large quantities of tlie most luscious fruits. The import and export

returns show a large apparent increase in the trade,—the imports
in 1880 amounting to 83,817,818 (£812,308), and the exports to

83,634,640, as against an average of $2,505,175 and 82,577,020 re-

spectively for 1869-72 ; and, ihough Malacca has been a drag on
the revenue of the colony generally, a marked increase is shown in

the principal items of revenue, viz., in land rents, tenths in paddy,
t.ipioca, and fruits, royalty on timber, and survey fees. In 1880
the revenue was 8182,323, and the expenditure 8174,333, while the

income and expenditure of the municipality in the same year weio

822,428 and 818,899 respectively. The Government is improving
the drainage of the country by clearing its natural water course.

The municipality has no debts, and the general progress of the
bcttlement during the year ending 1880 must be regarded as satis-

factory, with an increase under almost every heading of revenue that
bids lair to continue.

See C. A. Caineron, Our Tnpical Possessions in Malayan India,

and Papers Pelatin'j to IP. M. Colonial Possessions, 1879-1881.

JIALACHI. According to the title (Mai. i. 1) the last

book of the minor prophets contains the word of Jehovah

to Israel by the hand of Malachi. The word '3^5^'? may
either be an adjective, " angelic," or may signify " the angel

(messenger) of Jehovah." In either case it seems a strange

(though hardly an impossible) name for a man to bear,

and from the time ot the Septuagint, which translates "by
the hand of His messenger.'' it has often been doubted

whether Malachi is the real name of the author, or only an

epithet assumed by himself, or 'attached by the collector

to a work which he fo'und anonymous (so Ewaid), with

reference to iii. 1.* A Hebrew tradition given in the

Targum of Jonathan, and approved by Jerome, identifies

Malachi wi:h Ezra tho priest and scribe ; but, though this

opinion is ingeniously supported by reference to ii. 7, where

the priest and custodian of the law is called the messenger

of Jehovah of hosts, it is unlikely that Ezra's name would

have been lost had he been the real author.

-

The tradition, however, may at least be taken as imply-

ing the perception of a real affinity between the prophet

and the great restorer of the law. The religious spirit of

JIalachi's prophecy is ' that of the prayers of Ezra aud

Nehemiah. A strong sense of the unique privileges of the

children of Jacob, the objects of electing love (L 2), the

children oi the Divine Father (ii. 10), is combined with an

equally strong assurance of Jehovah's righteousness amidst

the many miseries that pressed on the unhappy inhabitants

of Judc-ea. At an earlier date the prc;ihet Haggui had

taught that tho people could not expect Jehovah's blessing

while the temple lay in ruins. In JIalachi's time the

temple was built (i. 10) and the priests ^/aited in their

office, but still a curse seemed to rest on the nation's

labours (iii, 9). To Malachi the reason of this is plain.

The " law of Jloses " was forgotten (iv. 4 [iii. 22]) ; let

the people return to Jehovah, and He will return to them.

It was vain to complain, saying, " Every one that doetli

evil is good in the eyes of Jehovah," or " Where is the

God of judgment 1''—vain to ask "\yherein shall we
return V Obedience to the law is the sure path to bless-

ing (ii 17-iii. 12).

' Stadc {Z. /. ATliche Wiss., 1882, p. SOS; comp. 18S1, p. \i)

thinks that the title in Mai. i. 1 is by the same hand as that in

Zech. xii. 1, and that both are copied from Zcch. ix. 1, under the

misconception that Nt'D was to be construed with the following words.

' The LXX. rendering ot i. 1 gave rise to strange fancies. Jerome

and Cyril mentioij that some supposed the prophet to have been an

angel in bodily lorm; and the Viix Pro/i^efannn of Pseudo-EpiphaniM<i

have a "ivord-rayth" to the effect th.at his prophecies ware regularly

confirmed by an angelic apparition. The same book will have it thai

Malnclii was of llie tribe of Zebulon, born in a town Sopha or Snpher*

had Uis name from his great beauty, and died young.
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It 2S aot aasj tu say whether the law to xvhich ^[alaclit

recalls the people is that which was established by the

covenant taken under Ezra, or whether the prophet wrote

'before that event. It is a least the Deuteronomic law

that is most familiar to him, as appears from his use of the

name Horeb for the mountain of the law, and the Deutero-

nomic phrase "statutes and judgments"' (iv. i), from his

language as to tithes and ofTerings (iii. 8, 10, comp. Deut.

sii. 11, xsvi. 12),- and especially from his conception of

the priesthood as resting on a covenant with Levi (ii. 4 sq.).

The abuse* of which he particularly complains are such as

were found rampant by Ezra and Xchemiah,—marriage

with foreign women (ii. 11, comp. Ezra is., Nch. xiiL 23

tq., Deut. vii. 3) and failure in payment of sacred dues (iiL

6 sq., Gump. Neh. s. 34 s/., xiii. 10 sq., Deut. x.tvL 12 sq.).

Add to this that the position of the priests had fallen into

contempt (ii 9), and that the oral law is still one of their

chief trusts (ii. 6 .«2)>''nd we shall bo disposed to conclude

that, if Malachi's work did not precede the reformation of

Ezra, it must have fallen very little later, and before the

new order was thoroughly established.^ The prophecy of

Joel shows the new theocracy in much fuller development.

The object of Ezra and Xehemiah was to establish the

law by means of the organs of government under warrant

from the Great King. Malachi looks for reformation in

another direction. He calls the people to repentance, and

he enforces the callljy proclaiming the approach of Jehovah

in judgment agiinst the sorcerers, the adulterers, the false

swearers, the oppressors of the poor, the orphan, and the

rtranger. Then it shall be seen that He is indeed a God
if righteous judgment, distinguishing between those that

serve Him and those that serve Him not. The Sun of

Righteousness shall shine forth on those that fear Jehovah's

name ; they shall go forth with joy, and tread the wicked

under foot. The conception of the day of final decision,

when Jehovah shall come suddenly to His temple (iii. 1)

and confound those who think the presumptuous godless

happy (iii. 15), is taken from earlier prophets, but it receives

ft special character from an application of a thought based

on Isa, si. 3. The day of Jehovah would be a curse not

a blessing if it found the nation in its present state, the

priests listlessly performing a fraudulent service (i. 7-ii. 9),

the people bound by marriage to heathen women, while the

tears of the daughters of Israel, thrust aside to make way
for strangers, cover tne altar (ii. 11-16), all faith in divine

justice gone (ii. 17, iiL 14 sq.), sorcery, uncleanness,

falsehood, and oppression rampant (iii. 5), the house of

God deprived of its dues (iii. 8), and the true fearers of

God a little flock gathered together in private exercises of

religion~(perhap3 the germ of the later sjTiagogrie) in tho

midst of a godless nation (iii. 16). That the day of

Jehovah is delayed in such a state of things is but a new
proof of His unchanging love (iii. 6), which refuses to con-

sume the sons of Jacob. Meantime He is about to send

His messenger to prepare His way before Him. The

' Malachi had the law of Deuteronomy in its present historical

frame-work (the opening chapters), according to which all "the laws

and statutes'* ap^rt from the Decalogue were given to Moses for

Israel upon Horeb. This description would not hold good of the

priestly legislation, iriach accordingly is hardly contemplated in

Mai. iv. 4.

' Malachi indeed assumes that the " whole tithe"—the Deut(9»-

fiomic phrase for the tithe in which the Levites shared—is not etored

in each township, but brought into the treasnrj' at the temple. Bat
this was a modification of the Dentcronomic law naturally called for

nnder the circumstances of the return from Babylon, and Neh. x. and
xiii. produce the impressiou that it was not introduced for the first

time by Ezra and Nehemiah, though the collection of the tithe was
enforced by them.

' As the " governor" in i. 8 is hardly Kehemiah, Kohler and other

recent writers think of the penod between Nehemiah'* first and second
viait to Jerasalem. when the evils complained of by the prophet broke
eat afresh.

prophet Elijah must reappear to bring tack th? hearLi <sf

fathers and children before the great and terrible day of

Jehovah come. Elijah was the-, advocate of national

decision in the great concerns of Israel's religion; and it is

such decision, a clear recognition of what the service of

Jehovah means, a purging of His professed worshippers

from hypocritical and hulf-heaited service (iiL 3) that

^lalachi with his intense religious earnestness sees to ba
the only salvation of the nation. lu thus looking to the

return of an ancient prophet to do the work for which later

prophecy is too weak, JIalachi unconsciously signalizes

the decay of tho order of which he was one of the last

representatives ; and the somewhat mechanical measure
which he api)lies to the people's sins, as for example whea
he teaches that if the sacred dues were rightly paid pro-

sperous seasons would at once return (iii. 10), heralds the

advent of that system of formal legalism which thought

that all religious duty could be reduced to a system of set

rules. It was left to a greater Teacher to show that

hypocrisy and vain religion might coexist with Pharisaic

exactness in the observance of the whole letter of the law.

Yet Malachi himself is no mere formalist. To him, as to

the Deuteronomic legislation, thi; forms of legal observ-

ance are of value only as the fitting expression of Israel's

peculiar sonship and service, and he shows himself a true

prophet when he contrasts the worthless ministry of

unwilling priests witi the pure offering of prayer and praise

that rises from all corners of the Hebrew dispersion (i. 11),

or when he asserts the brotherhood of all Israelites under

their one Father (ii. 10), not merely as a ground of separa-

tion from the heathen, but as inconsistent with the selfish

and cruel freedom of divorce current in his time, ft is

characteristic of later Judaism that an arbitrary exegesi?

transformed this anticipation of the doctrine of marriage

laid down in the gospel into an express sanction of ths

right of the husband to put away his wife at wilL*

The style of Malachi, like his argument, corresponds in

its generally prosaic character to that transformatioii or

decay of prophecy which began with Ezetiel ; and Ewald
has rightly called attention to the fact that the conduct of

the argument already shows traces of the dialectic manner
of the schools. Yet there is a simple dignity in the manner
not unworthy of a prophet, and rising from time to time

to poetical rhythm.

The excgetical helps to the study of Malachi are mainly thesamea*
have been already cited in the article HACCAf. Keference may alsob«
made to the lengthy commentary of Eeinke (Roman Catholic), 1856;
to M. Sanger, Xfalcachi, einc e.vegduchc Stvdk, 1867 ; and among
older commentaries to that of Pococke (2d cd., 1G92). (Vi'. Kb.)

]HALACHITE, an ore of copper, presenting in its finer

varieties a beautiful green colour which has led to its use as

an ornamental stone. It is chemically a hydrated basic

carbonate of copper, and appears to have been formed in

most cases by the action of meteoric agencies on native

copper, red oxide of copper, copper pyrites, and other ores.

Upon these minerals the malachite frequently forms an

incrustation. Although occasionally found in crystals

belonging to the monoclinic system, its usual mode of

occurrence isin stalactiticand-stalagmitic forms,—frequently

with a globular, botryoidal, or mammillated surface ; whik

in other cases' it forms compact and even earthy masses.

The stalagraitic varieties display, when fractured, a beauti

ful intei-nal structure, being made up of concentric zones

of light and dark tints ; and it is upon this Btructure that

much of the beauty of polished malachite depends. ~ The

colours include various shades of apple-green, emerald-

« In ii. 16 the Targum tenders "If ttou hatait her put her »way,"

,aDd this translation seems to bu iutenJcd by the Massoretic

punctuation. We should probably iwiiit tOE* in the seaae of Awhre,

MiirtiA, Uitd of actions not Uleijal but oUcn->ivc to right feeling.
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green, and verdigris-green. Certain yarietres'of the mineral

exhibit, when fractured, a finely fibrous texture and soft

silky lustre. The name malachite is derived from fiaXaxrj

(the mallow), in allusion to the resemblance of the colour

of the mineral to thatof mallow leaves. Malachite was prob-

ably one of the green minerals described by Theophrastus

under the general name of a-fjidpaySo';, or emerald. It is

believed to have been the smara^dus medirus of Pliny,

while the molochitis of that author does not appear to have

represented our modern malachite. Malachite is a mineral

of very wide geographical distribution, being found more

or less abundantly in the upper pirt of most deposits of

copper ore. The finer varieties, such as lend themselves

to pnr[ioses of ornament, are, however, found only in

Siberia, in Australia, and at Bembe on the west coast of

Africa. Probably the finest deposits in the world were

those discovered some years ago in Prince Demidoff's mines

at Nijni Tagilsk, in the government of Ekaterinburg, on

the Siberian side of the Ural mountains. The mineral

is highly prized in Russia for use in mosaic work, and for

the manufacture of vases, snufi'-boxes, and other small

ornaments. Magnificent examples of malachite work, in

the shape of mantelpieces, folding doors, tables, chairs,

and other articles of furniture, have occasionally been

e:cecuted. Such objects are veneered with thin slabs of

malachite ingeniously fitted together so as to preserve the

pattern, and having the interspaces between the com-

l)onent pieces filled up with a cement formed of small

fragments of the malachite itself. The mineral is sdwn
into slabs, ground smooth with emery, and finally polished

with tripoli. Although its degree of hardness is only from
3'5 to 4, it takes an excellent polish. It is rather denser

than marble, its specific gravity being 3'7 to 1 ; but it is

much more difficult to work, in consequence of its tendency

to break along the planes of deposition. Malachite is

occasionally used for cameo-work, but not with great

success; some fine antique cameos in malachite are,

however, known. The mineral has also been ground to

powder, and used as a pigment under the name of mountain-
green. The coarser masses are extensively used as ores of

copper, malachite containing about 57 per cent, of metal.

The mineral called azurite or chessylite, a hydrated basic

carbonate of copper closely resembling malachite, save in

colour, is occasionally known as blue malachite.

MALACHY, St {c. 1094-1148), otherwise known as

Maelmaedog Ua Morgair, for some time archbishop of

Armagh, and afterwards papal legate in Ireland, was born
of noble parentage at Armagh about the year 1094, early

gained a high reputation for sanctity, and was ordained to

the priesthood at the age of twenty-fivo (thirty being at

that time, according to his biographer St Bernard, the
canonical age). For some time he was employed as vicar

by Archbishop Celsus or Ceallach of Armagh, and in this

capacity was successful in effecting throughout the diocese

many important reforms in the direction of increased con-

formity with the usage of the Church of Rome ; afterwards
lie undertook the government of the decayed monastery of

Bangor or Eonchor, in what is now known as county Down,
and made it a flourishing seminary of learning and piety.

When thirty years of age he was chosen and consecrated
bishop of Connor ; after the sack of that place by the king

'

of [Tlster he withdrew into Munster and built tho monastery
of Ibrac. Jleanwhilo he had been designated by Celsus
(in whose family the see of Armagh had been hereditary
for many years) to succeed him in the archbishopric;
reluctantly but dutifully in the interests of reform he
accepted tho dignity, and thus became involved for some
years in a struggle with tho so-called heirs. Having finally

settled the dioceso he, as had been previously stipulated
by iiimsclf. was pcrmiltc ! \o return to his farmer diocese.

or ratljer, it having in the meanwhile been divided, to the

smaller and poorer portion of it, the bishopric of Down
where he reorganized a house of regular clergy. In 113£
he set out from Ireland with the purpose of soliciting frou:

the pope the pallium for the archbishop of Armagh ; or
his way to Rome he visited Clairvaux, and thus began a

life-long friendship with St Bernard, who survived to write

his biography. Malachy was received by Innocent 11.

with great honour, ana made legate in Ireland, though he
did not at once obtain the pallium ; on his way homeward
he revisited Clairvaux, and took with him from thence
four members of the Cistercian order, by whom the abbey
of Mcllifont was afterwards founded in 1141. For the next
eight years after his return from Rome Malachy was
active in the discharge of his legatine duties, and in 1)48
he received from the bishops of Ireland a commission to

return to Rome and make fresh application for the pallium ;

he did not, however, get beyond Clairvaux, where he died
on November 2, 1148. The object of his life was realized

four years afterwards, in 1152, during the legateship of his

successor (see Ireland, vol. xiii. p. 255). Malachy was
canonized by Clement IV.

MALAGA, a maritime province of Spain, one of tne
eight modern subdivisions of Andalucia,' is bounded on the
W. by Cadiz, on the N. by Seville and Cordova, on the E.
by Granada, and on the S. by tbte Mediterranean, havino
an area of 2823 square miles, and a population (1877) ol

500,231. The rise from the sea is rapid, and the average
elevation of the province is considerable. Of the numerous
sierras may be mentioned "that of Alhama, separating the
province from Granada, and atone point rising above 7000
feet ; its westward continuation in the Sierra de'Abdalajis
and tho Axarquia between Antequera and Malaga ; and
not far from the Cadiz boundary the Sierras' de Ronda, de
Mijas, de Tolox, and Beriiieja, converging and culminatins
in a summit of nearly 0500 feet. The principal river is

the Guadalhorce, which rises in the Sierra de Alhama»and
after a westerly course past the vicinity of- Antequera,
bends southward through the wild defile of Penarrubia and
the beautiful vega or vale of Malaga, falling into the sea
near that city. The only other considerable stream is the
Guadiaro, which has the greater part of its course within
the province, and flows past Ronda. The mountains are
rich in minerals,—lead, nickel, and (in the neighbourhood
of Marbolla) iron being obtained or obtainable in large
quantities. There are much frequented warm springs of
sulphuretted hydrogen at the baths of Carratraca. Though
the methods of agriculture are for the most part rude,
the yield of wheat in good seasons is considerably in
excess of the local demand ; and large quantities of
grapes and raisins, oranges and lemons, figs and almonds
are annually exported. The oil and wines of Malaga
are also highly esteemed ; and in recent years, especially
since the phylloxera invasion, the growth of the su^ar-
cane has developed into a considerable industry. In 1880
the total production of wine within the province was
estimated at about 5,250,000 gallons; of this amount
about 1,575,000 gallons were exported (1,000,000 gallons
to Great Britain and tho continent of Europe, and the
remainder chielly to South America and tho Spanish
colonies). In 1879 about 1,400,000 gallons of olive oil

were exported, chiefly to tho Baltic. The sugar produced
in 1880 was calculated to amount to about 5650 tons.

The internal communications of the province are in many
parts, owing to tho broken nature of the surface, very
defective ; it is traversed, however, from north to .south by
the Cordova-Malaga Railway, which sends off a branch,
recently made continuous, from Bobadilla to Granada.
The only towns with a population exceeding 10,000 ara
MalBca^(the capital), Antequera, Ronda, and Volez Malaga.
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Malaga, tUe capital of the above province, and, nest

to Barcelona, the most important seaport of Spain, is

finely situated on the Mediterranean coast, at the southern

base of the group of hills known to history as the

Axarquia, and at the eastern extremity of the fertile vega

of Malaga (36° 43' N. lat., 4° 25' W. long.). The popula-

tion in 1877 was 115,882. In the clearness of its sky,

which a cloud rarely obscures, and the beautiful sweep of

its bay, Malaga has sometimes been compared to Naples.

The climate is one of the mildest and most equable in

Europe, the mean annual temperature being 66°'7 Fahr.

(55°-6 in winter, 80°-4 in sun-mer) ; the yearly average of

rainy days is thirty-nine, and the rainfall is slightly under

16 inches. The town lies principally on the left bank of

a mountain torrent, the Guadalmedina ("river of the

city") ; the streets near the sea are spacious and compara-

tively modern, but those in the older part of the town,

where the buildings are huddled around the ancient

citadel, are narrow, winding, and often dilapidated.

There are various squares or plazas and public promenades

:

of the former the most important are the Plaza de Riego

Plan of Malaga.

I. Cathedrul. I
2. Custom House. | 3. Tiisou. I nospUul.

(containing the monument to General Torrljos, who, along

with forty-eight others, was executed in Malaga in 1831)

aud the Plaza de la Constitucion ; adjoining the quay is

the fine Paseo de la Alameda. The town has no public

buildings of commanding importance architecturally or

historically. The cathedral, on the site of the ancient

mosque, was begun about 1528, in the Grfeco-Roman style
;

after the works had been once and again interrupted and
resumed, it was completed to its present state in the 18th

century, and is in consequence an obtrusive record of the

degeneration of Spanish architecture. The woodwork of

the choir, however, is worthy of attention. The church of

El Cristo de la Victoria contains some relics of the siege

by the "Catholic kings." Of the old Moorish " Atarazanas"

or arsenal only a single horse-shoe gateway now remains,

the rest of the site being chiefly occupied by an iron

Btracture used as a meat and provision market; the

"Alcazaba" or citadel has entirely disappeared. The
I'Wtle of Gibralfaro, on a bold eminence to the north-east,

dating from the 13th century, is still in fairly good
preservation. The harbour, which in the beginning of

the present century was deep enough to float a line-of-

battle ship, has in recent years bsen permitted to silt up,

so that it is not now safe for vessels drawing more than
18 feet to enter. These are consequently obliged to lie

in the roads outside, and receive and discharge cargo by

' means of lighters. New harbour works were begun in

1880, but from time to time have been suspended, and
only some 280 yards of the new eastern luole (about one-

fourth of the intended length) have been constructed in

October 1882. The trade of the port is chiefly in the

products of the province,—lead, wine, raisins, oranges,

lemons, ' figs, aud esparto being the staples. The most
active period is from the middle of August to the end of

October. In 1880 the total quantity of muscatel raisins

exported was estimated at 1,864,000 boxes (of 2'y lb each),

35,500 frails (of 25 lb), and 15,000 barrels (of 50 It)) ; of

this amount more than half was sent to the United States of

America, and the remainder to other countries (chiefly Great

Britain, France, and Germany). In the same year 50,000

boxes of lemons and 21,500 boxes of oranges were shipped,

besides 20,000 barrels of muscatel grapes. The wine ex-

ported in 1879 was only 1,400,000 gallons as against

3,108,000 in 1878; the lead 310,251 cwts. as against

481,021 cwts^ in 1878. The olive oil is sent chiefly to

the Baltic, The principal imports are coal (41,822 tons

in 187S), codfish, timber, pig-iron, hardware, machinery,

and rails.

Malaga is tlie MaAo/ta of Strabo (iiL 156) aud Ptolemy (ii. 4, 7),

and the ilalaca fxdcratorum of Pliny (iii. 3). The place seoms to

have been of some importance even during the Carthaginian period
;

under the Romans it became a municipium, and under the Visigotha

an episcopal see. After the battle of Guadalete it passed into the

possession of the Arats, and soon came to be regarded as one of

the most important cities of Andalucia. It was attached to the
caliphate of Cordoba, hut on the fall of the Omayyad dynasty it

became for a short time the capital of an independent kingdom

;

afterwards it was dependent on Granada. In 1487 it was taken

and treated with great harshness by Ferdinand and Isabella aft^r

a protracted siege. In 1810 it suffered much from the Frend)
general Sebastiani.

MALARIA, an Italian colloquial word (from mala, bad,

and aria, air), introduced into English medical literature

by Macculloch (1827) as a substitute for the more restricted

terms marsh miasm or paludal poison. By very general

consent the word is understood to mean an actual poisonous

substance existing as a separate entity, and giving rise to the

definite unhealthy condition of body known by a variety

of names, such as ague, intermittent (and remittent) fever,

marsh fever, jungle fever, hill fever, " fever of the country,"

and "fever and ague." By a figure of speech, the name
of malaria is often applied to the disease itself; strictly

speakrng, the eQ"ects on the human body are "malarial

fever," or manifestations of the "malarial process." The
existence of a specific malaria-poison is a pure hypo-

thesis ; and it has been attempted by a respectable minority

to dispense with the hypothesis of an actual poisonous agent,

and to find the cause of intermittents and remittents in the

excessive and sudden abstraction of heat through damp
and cold after sunset f.om the bodies of individuals who
had previously endured great solar heat. In either view,

the unknown cause of ague is denoted with sufficient

etymological accuracy by the word malaria.

A single paroxysm of simple'ague is much the same in

all countries, temperate, subtropical, or tropical. It may
come upon the patient in the midst of good health, or it

may be preceded by some malaise. The ague-fit begins

with chills proceeding as if from the lower part of the back,

and gradually extending until the coldness overtakes the

n'hole body. Tremors of the muscles, more or less violent,

accompany the cold sensations, beginning with the muscles

of the lower jaw (chattering of the teeth), and extending to

the extremities and trunk. The expression has meanwhile

changed : the face is pale or livid ; there are dark rings under

the eyes; the features are pinched and sharp, and the whole

skin shrunken; the fingers are dead white, and the nails blue.

All those symptoms are referable to spasmodic constriction

of the small surface arteries, the pulse at the wrist being
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itself small, Lard, and quick. Id the iutenor organs tbere

kre indications of a compensating accumulation of blood,

such as swelling of the spleen, engorgement (very

rarefy rupture) of the heart, with a feeling of oppression

in the chest, and a copious flow of clear and watery urine

from the congested kidneys. The body tempcrataro will

have risen suddenly from the normal to 103° or higher.

This first or cold stage of the paroxysm varies much in

length ; in temperate climates it lasts from one to two

hours, while in tropical and subtropical countries it may
bo shortened. It is followed by the stage of dry heat,

which will be prolonged in proportion as the previous stage

is curtailed. The feeling of heat is at first an internal

one, but it spreads outwards to the surface and to the

extremities ; the skin becomes warm and red, but remains

dry ; the pulse becomes softer and more full, but still quick

;

and throbbings occur in exposed arteries, such as the tem-

poral. The spleen continues to enlarge ; the urine is now
scanty and high-coloured ; the body temperature still rises

(up to 104° or 105° or even higher); there is considerable

thirst ; and there is the usual intellectual unfitness, and it

may be confusion, of the feverish state. This period of

dry heat, having lasted three or four hours or longer,

comes to an end in perspiration, at first a mere moistness

of the skin, passing into sweating that may be profuse and

even drenching. Sleep may overtake the patient in the

midst of the sweating stage, and he awakes, not without

some feeling of what he has passed through, but on the

whole well, with the temperature fallen almost or altogether

to the normal, or it may be even below the normal, the pulse

moderate and full, the spleen again of its ordinary size

;

the urine that is passed after the paroxysm deposits a thick

brick-red sediment of urates. The three stages together

will probably have lasted six to twelve hours. The
paroxysm is folhrwed by a definite interval in which there is

not only no fever, but even a fair degree of bodily comfort

and fitness ; this is the intermission of the fever. Another

paroxysm begins at or near the same hour next day

(quotidian ague), or the interval may be forty-eight hours

(tertian ague), or seventy-two hours (quartan ague). It is

the general rule, with frequent exceptions, that the

quotidian paroxysm comes on in the morning, the tertian

about noon, and the quartan in the afternoon. Another

rule is that the quartan has the longest cold stage, while

its paroxysm is shortest as a whole ; the quotidian has

the shortest cold stage and a long hot stage, while its

))aroxysni ij longest as a whole. The point common to

the various forms of ague is that the paroxysm ceases

about midnight or early morning; Quotidian intermittent

is on the whole more common than tertian in hot

countries ; elsewhere the tertian is the usual type, and

quartan is only occasional.

If the first paroxysm should not cease within the

twenty-four hours, the fever is not reckoned as an inter-

mittent, but as a remittent.

Remittent is a not unusual form of the malarial process

in tropical and subtropical countries, and in some localities

or in some seasons it is more common than intermittent.

It may be said to arise out of that type of intermittent in

which the cold stage is shortened while the hot stage tends

to be prolonged. A certain abatement or remission of the

fever takes place, with or without sweating, but there is

no true intermission or interval of absolute apyrexia. The
periodicity shows itself in the form of an exacerbation of

the still continuing fever, and that exacerbation may take

place twenty-four hours after the first onset, or the interval

may be only half that period, or it may be double. A
fever that is to be remittent will usually declare itself from

the outset: it begins with chills, but without the shivering

and shaking fit of the intermitteot ; the hot stage soon

follows, [iresenting the same characters as the prolonged

hot stage of a quotidian, with the frequent addition of

bilious symptoms, and it may be even of jaundice and of

tenderness over the stomach and liver. Towards morning

the fever abates ; the pulse falls in frequency, but does not

come down to the normal ; headache and aching in thfe

loins and limbs become less, but do not cease altogether

;

the body temperature falls, but docs not touch the level

of apyrexia. The remission or abatement lasts generally

throughout the morning ; and about noon there is an exacer-

bation, seldom ushered in by chills, which continues till the

early morning following, when it remits or abates as before.

A patient with remittent may get well in a week, under

treatment, but the fever may go on for several weeks ; the

return to health is often announced by the fever assuming

the intermittent type, or in other words, by the remissions

touching the level of absolute ajjyrexia. Remittent fevers

(as well as intermittents) vary considerably in intensity; some

cases are intense from the outset, or pernicious, with aggra-

vation of all the symptoms—leading to stupor, delirium,

collapse, intense jaundice, blood in the stools, blood and

albumen in the urine, and, it may be, suppression of urine

followed by convulsions. The severe forms'of intermittent

are most apt to occur in the very young, or in the aged,

or in debilitated persons generally. Milder cases of

malarial fever are apt to become dangerous from the com-

plications of dysentery, bronchitis, or pneumonia. Severe

remittents (pernicious or bilious remittents) approximate

to the type of yellow fever, which is conventionally limited

to epidemic outbreaks in western longitudes and on the

west coast of Africa. Blood in the urine has been

described by several recent writers as distinctive of a form

of bilious remittent occurring at a number of malarious

localities in the tropical zone of both hemispheres. The

remittent type occurs wherever and whenever the malarial

conditions are severe ; when it has appeared in colder

climates, it has usually been at the height of an epidemic

of intermittent. With all the foregoing statements, it

should be borne in mind that anomalies are frequent.

Of the mortality due to malarial disease a small part

only is referable to the direct attack of intermittent, and

chiefly to the fever in its pernicious form. Remittent

fever is much more fatal in its direct attack ; it often kills

in the first few days, according to its initial intensity

or the severity of the complications. But probably the

greater part of the enormous total of deaths set down to

malaria is due to the malarial cachexia. The malarial

cachexia may be either the sequel of one or more actual

attacks of fever, or it may arise insidiously in those who

inhabit a malarious district and have never experienced

the sharp paroxysms of fever. In ihe latter case, malaria

is almost as much an ethnological as a pathological factor.

The dwellers in a malarious region like the Terai (at the

foot of the Himalayas) are miserable, listless, and ugly,

with large heads and particularly prominent ears, flat noses,

tumid bellies, slender limbs, and sallow complexions ;
the

children are impregnated with malaria from their birth,

and their growth is attended with aberrations from the

normal which practically amount to the disease of rickets.

The malarial cache.xia that follows definite attacks of ague

consists in a state of ill-defined suffering, associated with a

sallow skin, enlarged spleen and liver, and sometimes w-ith

dropsy.

Nearly allied to the malarial carhexia ia the so-called

state of mashed ague. Many common ailments have been

set down to malaria, virithout sufficient reason ; but there

is hardly any doubt that intermittent paroxysms of

neuralgia, especially of the supra-orbital nerire (brow-ague)

and of the infra-orbital [tic douloureux), are often malarial

in origin. These non-febrile efTects arc apt to follow
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eipftsure to malaria ; they occur (not esclnsiTely) in those

who have had fevei and ague ; they are somfitinies accom-

paoied by suggestiona of the cold, and hot, and sweating

stages of the true paroxysm ; and they often yield to the

great anti-malarial remedy, quinine. Such patients have

the general ill-health and suffering as well as the palloi, of

the malarial cachexia.

The morbid anatomy of malarial fevers is chiefly confined

to congestions and enlargements (with testural changes)

of the spleen and liver. One of the most salient patho-

logical facts is the occurrence of black pigment in the

blood, and deposits of it in the spleen, liver, and other

parts. The malarial process sometimes leads to ulcera-

tions and sloughing of the mucous membrane of the great

intestine, not distinguishable from those of dysentery. The
malarial fever of Rome is often asBoeiated with more or

less of swelling and, it may be, even ulceration of the

lymphatic follicles of the small intestine, as in typhoid

fever ; the same anatomical condition was associated with

much of the malarial fever of the American Civil War
(typho-malaria).

Geographical Distribution and Prevalence.—Malaria hnt

been estimated to produce one-half of the entire mortality

of the human race ; and, inasmuch as it is the most
frequent cause of sickness and death in those parts of the

globe that are most densely populated, the estimate may
be taken as at least rhetorically correct.

In the British Islands, sporadic cases of ague may occur

anywhere ; but malaria is not now endemic except in a

few localities, among which may be mentioned certain

parishes on the Essex side of the Thames estuary. In
France there are several districts that are still notoriously

malarious. In the interior these are chiefly found in the

valley of the Loire (Sologne) and of its tributary the

Indre (Brenne), and also in the valley of the Ehone,
more particularly near the confluence of the Saone
(Dombes, Bresse). France has two great coast regions

of malaria,—the one on the Atlantic seaboard, from the

estuaryxf the Loire to the Pyrenees, with especial intensity

in the Charente, and the other on the Mediterranean coast,

from the Pyrenees to the Rhone delta. The most con-

siderable malarious district of Switzerland is in the Rhone
valley from Sion to the Lake of Geneva. In Germany,
the. upper valley of the Rhine and the sources of the

Danube have a certain character for malaria ; but it is

chiefly on the western seaboard of Schleswig-Holstein and
in the moors and marshes of Oldenburg, Hanover, and
Westphalia thut the disease is endemic Scarcely any
province of Holland can be said to be quite free from it,

while Groniagsa, Friesland, and Zealand (with brackish

marshes) are the most unhealthy. The parts of Belgium
that are almost or altogether exempt are the high-lying

districts of Brabant, Namur, and Liege. In Sweden,
malaria is endemic in the central depression of the country

(especidly on the shores of Lake Wener), and it has of late

years spread northwards in epidemic outbreaks. For the

countries of southern and eastern Europe (Spain and
Portugal, Italy, Hungary and other Danubian states,

Turkey, Greece, southern Russia), the language used to

describe the prevalence of malaria has to be pitched in a

somewhat higher key. There are certain pestilential

districts of those Countries where almost the half of the

population sufi'ers from ague, and there are even limited

areas which are too malarious to be inhabited. The lower
basin of the Danube (from above Vienna to the Black Sea),

and the basin of its tributary the Theiss, are in the first

rank. Both aides of the Adriatic have malarious localities,

the chief being the delta of the Po and the Gulf of Com-
accio ; amoug other unhealthy parts of Italy are the strip

of coast from Fisa to Civita Vecchia (Marerama), tlie

Roman Canipagna, the Pontine Marshes, the neighbcarhood
of Capua, and the Neapolitan and Calabrian coasts. Sicily

is highly malarious, both in the plains and in the

higher districts; and that is equally the character of

Sardinia, Qprsica, and the Balearic Isles. Greece, the
Ionian Islands, and Crete take a high place among
European malarious countries ; there are alio DDmerons
unhealthy localities . on the shores of the Caspian and
Black Seas' and in Asia Minor. For countries id both

hemispheres situated between 35* N. and 20° S., to

describe the prevalence of malaria in detail would be
practically to give the whole geography within those lati-

tudes. The regions of special intensity are the west coast

of Africa, the American seaboard (with the West Indies)

from the Gulf of Jlexico to Pernambuco, parts of India

(the Terai, the Doab, the Sunderhunds), parts of Sumatra,
of Java, and of Bomea Gibraltar, Malta, Aden, Singa-

pore, and Manila enjoy a comparative immnnity from
fever; the healthiest islands of the West Indies are

Barbados, St Vincent, and Antigua.

In England, the fen district of the eastern counties,

Romney Marsh in Kent, and the marsh district of Somer-
set have in great part ceased to be malarious within recent

memory; and there has been a proportionate improvement,
through drainage, in most parts of Holland, in some of

the malarious districts of France and Italy, and in

Algiers. Portsmouth in Eoglnnd and Bochefort in France

are examples of towns that have entirely lost their evil

repute for malaria ; and there are many towns in the

United States, as well as in the East, which are much less

malarious than they used to be. Wherever malarial fevers

have become less frequent, they have also become milder

in type. On the other hand, malaria has become intense

where it was formerly unimportant or altogether unknown.
It is incredible that the Roman Campagna could have been

60 malarious at the time of the empire as it is now
;
places

on the coast, such as Ostia and Palo (Alsium), which are

now almost uninhabitable in summer, were then th€

favourite summer resorts of the rich ; while the Campagna,
which is now almost entirely given up to pasturage, was
not only densely populated, but was even specially com-

mended as salubrious. In North Africa, Asia Minor,

and the East, malaria ha.s taken possession of the ruined

sites of ancient cities, and of large tracts of land that

must have been at one time highly cultivated, but are

now treeless, barreu, and sometimes marshy. Of recent

years malaria has appeared in Reunion and Mauritius, and

it has reappeared in Connecticut ; in the two islands tho

associated circumstances are somewhat complicated, but

they relate to changes in the cultivated area. The re-

appearance o' ague in New England and the recent

appearance of a form of masked ague in New York and
elsewhere are at preseat unaccounted for. Earthquakes

were said by older writers to have brought malaria to a

locality ; a recent and well-authenticated instance is that of

Amboyna in the Moluccas, which has become strikingly un-

healthy since the earthquakes that occurred in it in 1835.

Among the numerous military enterprises into whose

records malaria enters largely, may be mentioned the

expedition against Carthagena (174-1), the Walcheren

expedition (1810), and the capture of Rangoon (1824).

Recent enterprises in which malarial fever has been a

great factor are the expedition against Achin by the Dutch

(1873), the occupation of Cyprus by the English (1878),

and the subjugation of Tunis by the French (1881).

Schemes of colonization, such as the Darien scheme (1701),

have sometimes been frustrated by malaria. Of historical

personages, James I. and Cromwell died in Londob of

m-ilarial fever, the latter of a pernicious tertian.

There have b^ou numerous historical epi-iemics of inter-
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Eiittent'an^'femittcnt fever,' from that of 1557 -5S (which

spread 'over all Europe) down to that of 1872, which

prevailed simultaneously in Europe, North America, and

southern India. The epidemic or pandemic prevalence

of intermitteivt and remittent fever in certain years

l>robably finds its explanatiofi in the meteorology of those

years, but no uniform law has been discovered. Whenever

malaria has settled endemically in a new locality, there

had been epidemics coming and going for some time

previously.

JIalarioui Localities.—The most malarious localities are

the deltas and estuaries of rivers (Ganges, Euphrates,

Po, Mississippi, Orinoco), low-lying country that is apt to

be inundated (Danubian states), tropical or subtropical

forests in which there is a moist atmosphere, with stagna-

tion of the air aad rank vegetation (jungles), tracts of land

that have been cleared of trees and have gone out of

cultivation, being in more cases dry than wet (Roman
Campagua, Tuscan Marcmma, many parts of Persia,

Asia Minor, and North Africa, including the sites of

ruined cities), inland swamps and marshes (Pontine

Marshes), and situations on the coast wliere the tidal and

fresh water join to form brackish marshes (mangrove

swamps of the West Indian, Central American, Brazilian,

and West African coasts). The mangrove is associated

with the most pestilential localities ; it springs " like a

miniature forest out of the greasy mud-banks, the bright

green colour of the bushes reminding one of the rank grass

in a churchyard " (C. Darwin). In all those localities

there is a soil, usually wet but sometimes dry, rich in the

products of vegetable decay ; the soil has been either

deposited by rivers and tides, or it has formed on the

spot out of the undisturbed accumulation of decaying

vegetation season after season over a long period. There

is, however, a second great class of malarious localities,

distinguished by characters that are to some extent the

opposite of the foregoing. These are barren rocks (Ionian

Islands, Hong Kong, parts of Baluchistan, De Los Islands

near Sierra Leone) ; high table-lands moro or loss barren

(Deccan, Mysore, Persia, New Castile); mountainous regions

(Andes, Rocky Mountains)
;

prairies of North America

and savannas of Venezuela and Brazil ; sandy plains

(North Africa, Rajputana, Sindh). A somewhat excep-

tional locality for malaria is on board ship at sea ; there are

several well-authenticated instances of epidemic outbreaks

at sea, in most cases referred to the putrid bilge-water, and

in one case to a cargo of wet deals from the Baltic.

There are several localities whose exemption from

malaria has been thought remarkable. Among these,

Singapore has long been noted ; other instances are the

Amazon (as compared with its tributaries and with the

Orinoco), the pampas of the La Plata and the Parana,

marshy parts of Australia, New Zealand, and New
Caledonia, and the marshy Bermudas. The explanation

given of the exemption of Singapore, where many of the

supposed malarial conditions are present, is that the range

of temperature (diurnal and annual) is small ; the explana-

tion for the Amazoij is that a wind constantly blows up
the river from the sea (not reaching the side streams),

which serves to equalize the day and night temperature

aud to obviate the nocturnal radiation of heat.

Malariuus Seasons.—In temperato climates autumn is

lliB season when malaria prevails most. " In the autumn,
and after the harvest has been gathered, when the ground
i.'j covered with its debris, when the rain falls in torrents

nnd when the solar Leat has acquired its greatest intensity,

all the conditions of greatest quantity of vegetable matter,

of nioisturo, and of highest temperature are united, so that

the season whi';h realizes the hopes of the husbandman
is the period of pestilence and of his greatest danger "

(R. Williams). In the equatorial regions of 'the East

Indies, Africa, and America, the rainy season (May to July

or August) is most unhealthy, and especially the time of

commencement of the rains and the time of cessation ;

on the west coast of Africa the months of February, March,

and April, which are the hottest months of the year, are

at the same time the most healthy. But while autumn
and the time of the rains arc the malarious season for

those localities that are distinguished by wet soil, rank

vegetation, &c., it is summer, or the time of extreme heat

and drought; that is the unhealthy season for the localities

distinguished by dryness of the soil and often by barren-

ness. The hill fever of the Deccan and Mysore is often

most prevalent and most severe in the hottest and driest

seasons ; in Algeria there is most fever when the country

is parched to a desert. The malarial season in the Tuscan

Maremma is from June to the middle of September. In

military experience it has frequently happened that malaria

has attacked the troops in the hottest weather after camp-

ing in the dried-up water-courses of uplands, or in parched

meadows and sandy levels that are apt to be flooded only

in winter.

Conditions of Origin.—In all localities and at all seasons,

it is at or after sunset that the malarial influence prevails,

and it tells most when a cold night follows a hot day.

Perhaps the most constant fact relating to malaria is that

it goes with watery exhalations and with the fall of dew.

On wet soils, and over marshes, iswamps, and jungles, the

aqueous vapour condenses as the air cools; while on dry

surfaces the rapid radiation of heat causes a heijvy dew-falL

The occurrence of malaria on bare rocks, parched uplands,

and treeless tracts of dry fallow land may have several

associated circumstances ; but that which has been most
uniformly observed in such localities is great diurnal range

of temperature, with rapid radiation of heat after sunset,

and copious fall of dew. The " hill fever " of Mysore occurs

among bare rocks and stones and brown earth; at' the

hottest season (March to June) the diurnal range of the

shade temperature may be 20° to 30°, while the rocks in

the sun may show a surface temperature up to 220°, an"d

undergo a rapid cooling after sunset. The most malarious

locality at all times of the year on the Orinoco is around

the great cataract, where the banks of the river for some
distance are covered with bare black rocks piled to a con-

"siderable height ; the rocky substance and the black surface

combine to produce the greatest absorption of heat and the

most rapid radiation, and the rocks there, as well as in

other parts of South America and in India, are credited by
the natives with giving oflf poisonous exhalations which

cause the fever. Among the conditions of origin the pre-

disposition of the human subject takes a prominent place.

Those who have been habituated to extreme heat, and are

on occasion exposed to cold and damp, are likely to acquire

intermittent or remittent fever ; and those who are poorly

clad, housed, and fed are most likely. FiV-es at night in e,

malarious locality are a well-known protection from fever;

the cover of trees (preventing the radiation of heat) is also

a protection. Those who have had ague before are liable

to have it again on exposure in a malarious locality, or to

chill anyv/here.

Diffusion of Malaria.—On the hypothesis that malaria

is a poisonous substance, it is permissible to speak of its

diffusion. It acts for the most part only within a few feet

of the ground ; in the East Indies the raising of dwellings

on piles serves to keep off, or at least lessen, the liability

to fever, and the Indians in South America escape it by

sleeping in the branches of trees. Although it is not

known to act beyond a few feet from the earth's surface,

it may produce fever in localities situated at a height of

7000 to 9000 feet above the sea-level. It sometimes acta
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ftt a distance from its supposed place of origin. Tlitis, it

it is said to have caused fever on board ships lying 2 or 3

miles off a malarious shore, although it is more usual for

ehips at even a short distance from the shore to escape.

In West Indian experience it has been known to render

the high limestone ridge more unhealthy than the swamp
at its foot, and a similar experience has occurred on the

Kentish shore of the Thames estuary, and at other parts

of the English (Channel) coast. There are instances where

it has, so to speak, travelled along a narrow valley from

an unhealthy marsh to a salubrious situation. Although

a still night is most favourable to its production, there is

a popular opinion that it is carried by the wind. In many
malarious localities there is a definite " ague line," beyond

which the noxious influence Is not felt. A belt of trees, or

even a wall, will " keep it off." It clings to those surfaces

that are most easily bedewed. Situations to windward of

a malarious swamp are usually reckoned safe.

Hypothesis of Malaria.—!Malaria is known only by its

effects on the animal body ; the efTects, although they vary

much in intensity, are uniform, definite, or specific, and are

characterized by a truly remarkable periodicity. The oldest

and most prevalent hypothesis of malaria is that it is a

specific poison generated -in the soil. Perhaps not every

soil is capable under circumstances of causing malaria, but

it is difficult to assign limits to its potential presence.

There are seemingly well-authenticated cases of malarial

disease appearing during the making of railway cuttings,

canals, and other excavations in places where malaria had
not previously been known ; and there is sufficient evidence

that malaria has appeared in the track of cultivation in

the western States of America, and that it follows on the

upturning of virgin soil, and even of soil that has been

long fallow. Attempts have been made, without success,

to separate a malarious poison from the gases generated by
swamps, or from the air of malarious localities, Still more
frequent and elaborate attempts have been made to dis-

cover the hypothetical poison among the numerous minute
vegetable organisms that occur in the soil of malarious (and

non-malarious) places; and these also have hitherto yielded

no solid result. Another hypothesis is that malaria is a
" telluric intoxication," generated by the vegetative power
of the soil when that power is not duly exhausted by plant

growtL Lastly, there is an hypothesis that malarial fevers

are caused by the excessive and suddeu abstraction of heat

from the body under the influence of cold and damp, and
that the specific effects of the nocturnal chill, amounting
to intermittent and remittent fever, are most usual and
most marked in hot climates because of the antecedent ex-

posure of the body to great solar heat.

Remedies.—Cinchona or Peruvian bark (with its alkaloid

quinine) is a remedy universally applied with good effect

in the treatment of malarial fevers The treatment is

Esually commenced during the first intermission or remis-

ion. There is no good evidence that the taking of quinine

wards off the attack of malaria. The extent of cinchona

planting in southern India, Ceylon, Jamaica, and elsewhere

ia the best measure of the value of quinine as a remedy,

and more particularly as a remedy for ague. Arsenic has

proved one of the most efficient substitutes for quinine.

The dwellers in malarious localities have found in opinm
It palliative of the misery induced by the malarial cachexia.

Literature.—Hirsch, OeograpJiisch-hutoriscJie PaihoIogU, 2d ed.,

Btnttgart, 1881, pt; i sec. 7 (the 'bLr-liographical references ap-
pended to Hu-sch 8 chapter on malaria inchide upwards of eight
hnndred names) ; W. Ferguion, " On the Nature and History of the
Marsh Poison," Trans. Roy. Sec. Edin.,ix., 1823 (omitted by Hirsch

;

was the fiiBt to dwell npon the fact that malaria ia often aasoeiated
nith beat and drought, and elevated rocky localitiec) ; Macculloch,
JUhlaria, an Essa]/, ic, London, 1827; Robert Williams, Morlid
Poisons, London, 1&36-41, vol. ii., chapter on "PaUidal Diseases";

Colin, Traiti des Jiitres intermittentes, Paris, 1870 (expounds the
tlicory of "intoxication tellurique ") ; C, F. Oldham, Jf'lia'. m
Motaiia ! and Why is it most Intense in Hot Climattt t London,
1871 (a comprehensive review and acute criticism of established

facts and current theories, with the motive of showing that there

is no specific malarial poison) ; Morehead, Clinical Hescarches oh
Disease in India, London, 1856, vol. i, (for symptoms, diagnosis,

and treatment of intermittent and remittent fevers) ; I'ayrer,

Climate and Fevers of India, London, 1882 (both general and
clinical). (C, C.)

JIALATIA, less correctly JlAtATfYAH, the ancient

Melitene of Cappadocia, a town of Kurdish Armenia in

the vilayet of Diarbekir, about 8 miles to the south-west of

the Euphrates below the confluence of the Tokhma-su, and
about half way between Baghdad and Constantinople, on a

route which for ages has been one of the most important

in that part of Asia, Asbuzi of Aspuzi, a place about

5 miles distant, which was formerly inhabited by the people

of Malatia during the summer only, has become the per-

manent residence of a large part of the population (about

20,000, including both), but JIalatia proper remains tho

administrative centre of the sanjak. The remains of the

ancient town are much dilapidated.

In the ticie of Strabo (xii. 537) there w3? no town in the district

of Melitene. Under Titna the place became the permanent station

of the 12th legion ; Trajan raised it to a city. Lying in a very
fertile country at the crossing-point of important routes, it grew in
size and importance, and was tho capital of Armenia llinor or

Secunda. Justinian, who completed the walls commenced by
Anastasius, made it the capital of Armenia Tcitia; it was then a
very great place (Procop., Be .£d., iii. 4). The town wasl)umt
by Chosroes on his retreat after his great defeat there in 677.

Taken by the Saracens, retaken and destroyed by Constantine

Copronymus, it was presently recovered to Islam, and rebuilt under
Mansiir (757-58 A. D.). It again changed hands more than once,

being reckoned among the frontier towns of Syria (Istakhry, p. 55,

62). At length the Greeks recovered it in 934, and Nicephoius II.,

finding the district much wasted, encouraged the Jacobites to settle

in it, which they did in great numbers. A convent of the Tirgin,

and the great church which bears his name, were erected by the
bishop Ignatius (Isaac the Eunner). From this time ilalatia con-

tinued to be a great seat of the Jacobites, and it was the birth-

place of tlieir famous maphriau Barhebrseus (or Abulfaragius).

At the commencement of tho 11th century the town was said to

number 60,000 fighting men (Assem., Bib. Or., iL 149; comp.
Barheb., Chr. Heel., i. 411, 423). At the time of the first crusade,

the city, being hard pressed by the Turks under Ibn Danishmend,
was relieved by Baldwin, after Bohemund had failed and lost his

liberty in the attempt. But the Jacobites had no cause to love

Byzantium, and the Greek governor Gabriel was so cruel and faith-

less that the townsmen were soon glad to open their gates to Ibn
Danishmend (1102), and the city subsequently became part of the

realm of Kilij Arslan, sultan of Iconium.

MALAY PENINSULA, Malacca, or Tanah MalIytj
(" Malay Land "), the southernmost region in Asia, attached

to Further India by the isthmus of Kri, in 10° N. lat.,

whence it projects for about 600 miles, first south, then

south east parallel with Sumatra, to . Cape Ramiinia

(Romania) in 1° 23' N., within 95 miles of the equator;

it varies in width from 45 miles at the isthmus of

Krd, and again at Talung ,in 7° 30' N., to 210 at Perak

in 5° N, and 150 at Selingor, 3° 20' N. The area is

about 70,000 square miles, with a population of at least

650,000.* The peninsula, which is washed on the west

by the Bay of Bengal and Malacca Strait, on the east

by the Gulf of Siam and China Sea, belongs geogra-

phically and ethnically rather to the eastern archipelago

than to the Asiatic continent. Hence, whenever the

proposed canalization - of the isthmus cf Er4 is carried

' A careful calculation made by T. J. Kewbold in 1838 gave a total

population of 375,000, since -which date the British possessions hare

increased about fourfold, from 90,000 to 330,000. Hence, allowing for

a slight increase elsewhere, the present population must be at least

650,000 {Political and Statistieal Account of the British Selliemcnts

in the Straits of Malacca, London, 1889, vol. i. p. 418).

' The several projects of canalization are fully discussed by M. L^on

Dm in L'Exploration for March 9 and 16, 1882. The mo.st feasible,

but not tie shortest, follows the line of railway already projected in
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out, this region will fall into its natural position as one of

the great islands of Malaysia. In a wider sense the

peninsular formation begins properly at the head of the

Gulf of Siam, about the parallel of Bangkok. But this

northern section between 10° and 13° 30' N. being com-

prised within the limits of Siam proper and British Burmah,

is not usually included in Malacca, whose political frontier

towards the north-west is thus traced by the lower course

of the river Pakshan, which there separates it from

Tenasserim, the southernmost division of British Burmah.

But east of that river there is no natural or political

frontier towards Lower Siam, which embraces all the land

as far south as the river Muda on the west coast in 5° 33'

N., and on the east side as far as tlie state of Pahang in

4° N. The seaboard, which is generally flat and overgrown

with mangroves for 5 or 6 miles inland, is fringed with

numerous islands and ijsular groups, of which the chief

are Salanga (Junk Ceylon), Langkawi, and Pulo Penang

on the west side; Singapore, Batang, and Bintang at the

southern extremity; Tantalem and Bardia on the east

coast. All these islands, which may have a total area of

Bome 5000 square miles, seem to have originally formed

part of the mainland, of which they may be regarded as

scattered geological fragments.

Although known to Europeans since the beginning of

the 16th century, and nowhere more than 100 miles from

the sea, the interior still remains one of the least known
lands in Asia. D'Souza's large map, prepared in 1879 for

the British Government, is still in many places almost a

complete blank ; the mountain ranges are traced only for

short distances, chiefly on the west side below Kedah ; the

river courses and political boundaries are often merely

conjectured, while the elevation of some of the highest

peaks is absolutely unknown. Accurate surveys," however,

have since then been made, especially by H. S. Deane in

the Perak and Sel^ngor states, by D. D. Daly in most
of the British native states,' by Dru in the extreme north,

and by others in the extreme south about the Endau river

basin and at several other points, from which a rough idea

may be formed of the general orographic and geological

features and hydrographic systems. The surface seems to

be everywhere essentially mountainous, and considerably

more elevated than had till recently been supposed. The
land is traversed in its entire length by a somewhat
irregular and ill-defined backbone, forming a southern

continuation of the Arakan and Tenasserim ranges, but

here falling to a mean elevation of perhaps 3000 feet, and
constituting a distinct water-parting between the streams

flowing east and west to the surrounding seas. The
surface is further varied by numerous spurs and detached

ridges running mainly north and south, besides isolated

masses often vying in elevation with the central ranges.

Little space is thus left for upland plateaus, broad valleys,

or lowland alluvial plains of any extent, except about

Tringgiinu and Pahang on the east, and SelAngor on the

west side. The highest ascertained altitudes are the Titi

Bangsa range (7000 feet), between FCedah and Perak; the

Gunong Inas (5000) ascended in 1881 by Deane; the

Gunong Bubu (5650), and Gunong Ulu Tumulang (6435),

near the right and left banks of the Perak river; the

1861 by Fraser and Forlong across the neck of the isthmus in 10° 30'

between the estuaries of the rivers Pckshan and Champon. This
scheme, which might be carried out for about £5,000,000, would
•horten the sea route from India to China by four days, besides avoid-

ing the dangerous navigation of the Straitj*.

' A detailed account of Mr Daly's surveys, which extended over the
years 1875-82, appeared in the Proceedings of the Royal Geographical
Society for July 1882. It is accompanied by a largo map which fills

op several gaps left in that of D'Souza. Yet the surveyor remarks
that "there is a vast extent—more than half—of the Malayan
Peninsula still unexplored," p. 409. /

Slim range (6000 to 7000) in south-east Perak ; the

Gunong Rajah (6500), in the main range ; a peak (700O)

in the Endau river basin, nearly doulfle the height of

Gunong Ledang, or Mount Ophii (3849), hitherto sup-

posed to be the highest point in the extreme south.

But an unexplored ridge towards the west frontier of

Kelantan, with a probable elevation of 8500 or 9000 feet,

is taken by Miklucho Maclay as the culminating land of

the whole peninsula. These mountains are scarcely any-

where traversed by recognized beaten tracks, the natural

passes between the eastern and western watersheds being

still mostly ove. grown by dense jungle. Deane, however,

came upon a forest path across the main water-parting

from Kedah to PatAni, and a route is said to lead from the

Bernam river basin across the main axis to Pahang on the

east side.

Owing to the formation of the land, the rivers, although

numerous, are necessarily of short length, and, as their

mouths are generally obstructed by bars and coral reefs,

they are on the whole more useful for irrigation than as

water highways. Nevertheless some are navigable by
light craft for considerable distances, and in 1881 Deane
steamed up the Bernam between Perak and Seldngor to

Kampong Chankat Bertiham, 76 miles from the coast.

He proceeded by boat thence for 9 miles to Simpang,
where the stream divides and shallows. For about 80

miles it is 10 to 17 feet deep, while the Perak, with its

chief tributaries, the Plus, Kinta, and Batang Padang,

presents a total navigable waterway of perhaps 200 miles.

The Perak on the west and the Pahang on the east slope

are by far the largest river basins in the peninsula, each

draining an area of 5000 to 6000 square miles. The other

chief streams are the SeUlngor and Klang on the south-

west coast, the J0h6r facing Singapore, and on the east

side the Endau, Kelantan, and Patdni.

As far as has been ascertained, the main geological

formations would appear to be Lower Devonian sandstones

and unfossilized clay slates, with a basis of grey stanni-

ferous granite everywhere cropping out. Although no

trace has been found of recent volcanic action, there arc

several isolated and unstratified limestone masses from

500 to 2000 feet high, of a highly crystallized character,

with no fossils of any kind. Earthquakes also are frequent,

while numerous hot springs attest the presence of still

active igneous forces beneath the surface. In the south

porphyry occurs, associated with granite and clay ironstone

;

and laterite, resembling that of the Malabar coast, abounds,

especially along the west slope. The rich stanniferous

granites forming the backbone of the peninsula render this

region the most extensive storehouse of tin in the world.

Vast deposits of tin ores, sometimes associated with gold and

silver,^ occur almost everywhere, and are continued in the

neighbouring islands as far south as Banca on the Sumatra

coast.^ Gold, whence the land was known to the ancients

as the Anrea Chersonesus, is also found in considerable

quantities, either disseminated in quartz or in alluvial

deposits, especially about Mount Ophir, in Pahang, Gomichi,

TringgAnu, and KemAman. The total yield has amounted

in some years to 25,000 and 30,000 ounces. Iron ores

abound especially in the south, and coal has recently been

found in the isthmus of KrA conveniently situated for the

future ship canal across the peninsula.

The climate, everywhere moist and hot, becomes

' Although the Perak river is named from the Malay word perak,
*' silver," the presence of this metal has been doubted. M. Alfred

Marche, however, who recently visited the west coast, found it in

Laroot, associated with the rich tin ores of that district {Comj>tes

Reiidus of the French Oeol. Soc. for April 14, 1882, p. 16'5).

'' "The alluvial tin deposits permeate the whole length of the

Malayan Peninsula on the western «ide of the dividing range

"

(Daly).
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oppressive and even malarious along the low muddy banks

of the coast streams. Higher up, although cooler, it is not

always more healthy, and the uplands, es])ecially about

Mount Ophir, have the reputation of being extremely

dangerous to Euroi>eans (Wallace). Yet the mean temper-

iture, thanks to the general elevation of the land and the

prevailing sea-breezes, is much lower than that of many
Asiatic lauds lying much farther from the equator. While

the glass rises normally on the MakrAn coast and in the

Persian Gulf to 110°, 120°, and even 125° Fahr., the mean

suinmer range in the peninsula scarcely exceeds 90°,

wjile at an altitude of 2.i00 feet it is under 70° for the

•whole year. There is strictly speaking no winter, nor

a distinctly marked rainy season, the alternate north-east

find south-west monsoons distributing the moisture over the

east and west slopes throughout most of the year. The

average number of rainy days is about one hundred and

ninety, and the mean rainfall from 100 to 130 inches.

The west coast is exposed to sudden squalls of short

duration, known as "Sumatras"from the direction whence

they blow, while the opposite side is often visited by

tornadoes during the monsoons.

Except in some limestone tracts, especially in Perak and

Kedah, the soil is generally poor, and the country, which

may be described as of comparatively recent formation

slowly undergoing decomposition, is incapable of growing

sufficient rice even for the local demand (D. D. Daly).

The land, however, is almost everywhere clothed with a

magnificent tropical vegetation, in which the most con-

spicuous and useful plants are the gutta-percha (here first

discovered), the camphor tree, ebony, sapan, ratan, eagle

wood, bamboo, nibung, and nipa palm. Unfortunately the

work of reckless destruction has already commenced, and

the Chinese miners have in many places cleared extensive

tracts, cutting down the finest trees to serve as fuel for

smelting the tin ores. Of fruits the most characteristic are

the durian and mangosteen ; and of cultivated plants the

most common are rice, the sugar-cane, cotton, tobacco,

yams, batata, cocoa and areca palms. Tea and coflfse might

be successfully cultivated along the slopes of the Perak and

SeUngor rivers (Deane). A species of climbing indigo and
the wild nutmeg are indigenous, and the true nutmeg,

cinnamon, and cloves have long been introduced, and thrive

well (Newbold).

The fauna of the peninsula, which is unusually rich, is

allied, like the flora and the inhabitants, rather to that

of the Eastern Archipelago than the mainland. Hero are

the one-horned rhinoceros, Malay tapir (tAnau), elephant,

apd hog, all of the same species as those of Sumatra. Here

is also a small bear (bruangh), found elsewhere only in

Borneo, as well as the Sunda ox of Java, besides two kinds

of bison said to be peculiar to the 'peninsula (Crawfurd).

On the other hand, the Asiatic tiger has extended his range

throughout the whole region, even crossing over to

Singapore and other adjacent islands. Of quadrumanes
there are no less than nine species, including the chimpanzee

(Simia troglodytes), the kukang {Lemur tetrdigradus), the

black and white unka, but apparently not the orang-outan,

although the word is in common use among the Malays,

who often apply it in its natural sense to the Sakai and
other wild tribes of the interior. Of birds perhaps the

most characteristic are the rhinoceros hornbill (Buceros),

the bangu or Javanese stork, the argus and pencilled

pheasants, birds of paradise {Paradisea regia and P.

gvlaris), myna or grackle (Gracida religiosa), murei or dial

bird (Gracula sauiaris), the humming bird, besides king-

fishers, flycatchers, doves, and pigeons in endless variety.

The islands are frequented by the Hintndo esculenia, or

swallow that builds edible nests. The forests swarm with

coleoptera, lepidoptrea, and other insects, including the

magnificent butterfly OrmthopUra Broohana, till recently

supposed to be peculiar to Borneo (Deane). The sor-

roundiftg waters are iuhabited by the halicore, or "mer-
maid," a sireniau whose Malay name duyong has been
corrupted to dugong in our natural history books.

Politically the peninsula is partly held directly by Siam
and Great Britain, and partly divided among a number of

petty Slalay states, cither tributary to or in treaty with
those paramount powers. The Siamese territory and states

embrace the whole of the northern section southwards to
5° 35' N., and thence on the east side as far as the southern

frontier of Tringg.-lnu in 4° 35' N. A line drawn from this

parallel on the east coast across the peninsula north-west-

wards to Kedah on the west coast will thus mark the

southern limits of all the land directly or indirectly subject

to Siam. The rest of the peninsula is occupied by the

British possessions grouped under the collective name of

the Straits Settlements {q.v.), and by the more or less

independent Malay states proper, which may be regarded

as forming part of the British system. Subjoined is a

table of all the political divisions of the peninsula :

—

Siamese Folilical System.

Ligor, Scngora. These two provinces of Lower Siam proper

comprise the isthmus of Kra between T and 10° N., with a coast-liue

of 2i0 miles on the east and 260 on the west side ; area perhaps

17,000 square miles; population, 50,000 (?).

Kedali, between Ligor and Perak, 7' to 5° 35' N., with 120 miles

on west coast; area, 3600 square miles; popuiation, 30,000.

Patdni or Raman, between Sengora and Kelantan, 7° to 6° 30' N.,

with coast-line on caet side 50 miles ; area, 5000 square miles

;

population, 30,000.

kelantan, between Patani ard Tringgana, 6° to 4° K, 60 miles

coast on east side ; area, 7000 square miles; population, 20,000.
' Tringganu with Kemaman, between Kelantan and Pahang, 5° 30'

to 4° N., with 80 miles coast-line on the east side; area, 6000

square miles; population 50,000 (!).

British PoKlieal System.

Perak, between Kedah and Selangor, 5° 30' to 4° IT.,' with 80

miles coast-line on west side; area, 6500 square miles; population,

30,000.

Selangor with Kalang, between Perak and Malacca territory, 4°

to 3° N., with 120 miles coast- line on west side
;
population, 15,000.

Johor, southern extremity of the peninsula from 2' 40' N. to

Cape Romania; area, 10,000 square miles
;
population, 20,000.

_

Pahang, between Johor and Tringganu, 3° to 5° N., 90 miles

coast on east side; area, 3500 square miles; population, 20,000.

Jelebu, Sungei Cjong, Sri Menanti, Jumpol, Johol, Rambau,
Jelai, Segamat or Jloar. These inland states, lying between 2° and
4° N., formerly constituted with Kaning (ilalacca territory) the

I
so-called Negri Sambilan, or "Nine Lands," governed by pan-

ghulus or chiefs, feud.-ttory first to the sultans of Malacca and then

to those of Johor. It is now proposed again to consolidate them
iu one state under the suzerainty of or in alliance with Great

Britain. They lie surrounding Jlalacca territory, between Johor on
theeast,Pahang on the north, and Selangor on the west and north-

west. Total area probably not more than 5000 square miles ; popu-

lation, 50,000 (?). The more important are Rambau (Linggi river

basin), Segamat (Moar river basin), Johol (north from Mount
Ophir), and Sungei Ujong {Langat river basin).

Straits Settlements: parts of Perak, Jlalacca, Pulo Penang, and
Singapore; total area, 1445 square miles; population (1881),

314,000.

Excluding the Chinese, Klings, Bagis, and other more

recent arrivals, the inhabitants of all these states belong to

three distinct stocks—the Tai (Siamese), Malay, and

Negrito. The Siamese of pure blood occupy the extreme

north with scattered communities as far south as the

town of Sengora (7° 10' N.). A mixed Malayo-Siameso

people, commonly known as Samsams, form the bulk of

the population in the lower parts of Ligor and Sengora,

and in the north of Kedah. Although entirely assimilated

to the Siamese in speech, customs, and religion, these

Samsams appear to be allied physically much more to the

Malay than to the Tai stock. Yet their national sympathies

seem to be altogether with the dominant race, and the

people, especially of Ligor, have during the present century
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gcalously co-o|)erateJ with the Siamese iu tlieir persistent

efforts to subdue tlie Malays of the neighbouring states.^

AH tlie rest of the peninsula, from about 7~' N. to Cape
Romania, may be regarded as essentially " llalay land," as

it is in fact called by tlie people themselves. But whether
the Malays are here indigenous, or intruders from Sumatra,

IS a question still warmly discussed by ethndogists. Those,

however, who support the latter view by appealing to the

undoubted historic migrations of civilized Malays from
Menangkabo or Palcmbang iu the 12th century, or even

to still earlier anivals from Java, do nut understand the

point at issue. For the peninsula is occupied, not only

by these civilized Orang Malaya of cultured speech,

Mohammedans and mostly no doubt originally from
Sumatra, but also by the Orang Benua, that is, " men of

the soil," or aborigines, of Malay stock and of rude Malay
speech, nature worshippers, and settled here from prehistoric

times. Similar uncultured Malay tribes, such as the

Orang Kubu of Palembang, are no doubt also found in

Sumatra. But it is unlikely that any of these people ever

crossed the shallow intervening Straits of Malacca, which
were probably dry land when the race was gradually

diffused over the common area. Whether the migration

proceeded eastwards or westwards is tlieiefore a point which
cannot be determined pending the settlement of the further

and broader question of the origin and dispersion of the

Malay race itself. If the Malays are a branch of the

Mongol stock, as many hold, then the Orang Benua must
have passed through the peninsula southwards to the

archipelago at a time when most of it still formed part of

the Asiatic mainland. But if they originated in the

archipekgo itself, as others maintain, then the stream of

migration must have been reversed.

In any case the Orang Benua are not the only aborigines

in the peninsula. For the most recent research has fully

confirmed the somewhat vague statements of earlier writers

regarding the presence in this region of a Negroid element

differing fundamentally from the Malay type, andapparently

to be affiliated to the Negrito of the Andaman Islands and
Philippines. " Purely anthropological observations and
considerations lead me to accept the supposition of a
'^lelanesian ' element (a remnant of the original race),

which through intermixture with the Malays is being more
and more supplanted In the mountains of Pahang
and Kelantan as far as Sengora and L:gor, I have
discovered a Melanesian^ population. This people undoubt-
edly belongs to the Melanesian stock " (Miklucho Maclay
in Ethnologische Excursion in Jolion).^

The Malay and Negrito aborigines are collectively known
to the civilized Malaj-s as Semang and Sakei* respectivelj',

although much confusion seems to have arisen in the use

of these terms, nor is this surprising, seeing that the two
races themselves, who have been in contact for ages, have
become largely intermingled and assimilated in customs,

and even in speech. The original Negrito dialects, which
Maclay has compared with those of the Philippines, are

everj'where yielding to the Malay, which is spoken

throughout the peninsula with little dialectic variety as far

' The horrors atteiKling the reduction of Kedah in 1821 were caused

chiefly by tbe ferocity of the Samsams of Ligor in the Siamese
serdcc,

' This -vfTiter applies tl>e term " Msilaucsian " to all the dark races

of the Oceanic area, and not merely to the natives of the Melanesian

Arrhii)ehigo.

^ See also the Field, April.23, 1878 ; JmiraaX of tlie Straits Branch
of t/ic Hoy. As. Soc. for 1873-81, passim; and the paper of Mr
Daly, who says, " Tbe true Orang Siikei is a Kegrito, and reminds
one of the Pnpu.ins of Mew Guinea, whom I have seen in Tonea
Straits," p. 409.

* The aborigines of the nciglibonring island of Billiton arc also

collectively known as Sakch (Annalea de l'£xlrl)ae Orient, 1873,

p. 1301.

as G° and 7° N., where it is replaced by Siamese. The
aborigines, who are said not to number altogether more
than some 10,000, are divided into a great many tribes, of

which the best known are the Jakuns, widespread in the
south, the Udai, BAsisi, Sabimba, Mintira (Mantra), and
Hula. All are in a very low state of culture, holding aloof

from tbe settled populations, living entirely on the chase,

and pursuing the game with poisoned arrows. It is note-

worthy that even ths more or less civilized Iilalays,

es[)ecially of Eambau and other inland states, still hold to

the tribal organization, the very names of many of their

tribes, such as the Anak Achi (" children of Achln ") and
Sri Lummah Menangkabau, betraying their comparatively
recent migration from Sumatra.

Other ethnical elements in tli3 neninsnla are the Bngis
trom Celebes, formerly powerful on the west coast ; the
"iloors" (Arabs), now mostly absorbed by the civilized

ilalays; the lOings^ from India, chiefly traders in the

seaiiorts , the Topas (Topazio), half-caste Portuguese
Christians, still numerous especially in Malacca territory, a
few Europeans, Battas, and African slaves ; and, lastly, the

Chinese, by far the most numerous of all, who are gradually
converting the Ifalay peninsula into a second China. They
have alreitly monopolized the mining and agricultural

industries, as well as the retail trade and local shipping.

Although vaguely known to the .mcients as the Aurea Chersonesua,
and even by them already described as a "Regio Latronum," or
piratical laud, the JIalay peninsula possesses no historic traditions
earlier than the 13th century. According to the native writei-s the
first settlement was made at Singa-pura, or the "Lion City," about
1250 by emigi-ants from the banks of a river JIalayu in Sumatia.
Expelled from Singapore by the Javanese king Majapahit, the
colonists founded the city of Malacca on the south-west coast of tbe
mainland in 1253. From this point the cultured and Mohammedan
Malays of Sumatra are supposed to have rapidly spread over the
whole jjcninsula, where they had already established a number of

petty piratical states, when the Portuguese under Albuquerque
reached Malaysia and reduced Malacca iu 1511. Being thus, so to

say, taken on the flauk by the Europeans, while their progress
northwards was baned by the Siamese continually pressing forward
from Indo-Chiiia, the Malays of the peninsula, ever prone to piracy

and lawlessness, have remained in a more or less unsettled state

almost down to the present time. The Portuguese held Malacca for

one hundred and thiity years, when they were supplanted in 16-11

by the Dutch, who yielded in 1795 to the English, and finally in

1S24 suirendeied all their possessions on the mainland to Great
Britain in exchange for Bencoolen in Java. Penang and Singapore
had already been occupied by the British, who, by the suppression

of piracy and the old monopolies, the proclamation of -free trade

principles, the example of a wise administration and treaties with
the surrounding states, have gi-adually laid a solid foundation for

the future prosperity of this distracted laud. (A. H. K.

)

ilALAYS (Orang Maldyu, " Malay Men"), the domin-

ant people in Malacca and the Eastern Archipelago (hence

often called Malaysia), where they are diversely inter-

mingled with other races, and where they have represented

the local cultured element for over two thousand years.

The JIalays proper, that is, those who call themselves by
this name,'' who speak the standard JIalay language, and
who possess a common sentiment of racial unity, are found

in compact masses chiefly in the Malay peninsula as far

north as 8° or 9° N. lat., in the adjacent islands of Penang,

Bintang, Lingen, <fec., and in Sumatra, of which they

occupy fully one half, mainly in the south, along the

east coast, and on part^ of the west coast. Xn these lands

' The term Eting, a corrupt form of Telinga (Telugu), is applied

throughout Malaysia to all the natives of India settled in that region.

' The origin of this word has given rise to much controversj-. Its

derivation from the Javanese ma-layn, to run or flee, must be

rejected as grammatically impossible, for this is a true verbal form,

whereas the national name is strictly adjectival, hence always accom-

panied by a noun. Valentyn points out (Bcschryvingc van Sumatra,

p 13) that the name is specially applied in Sumatra to the great

SiSligei-pagu-Mala\-u tribe of the Siingei-pagii auriferous district, and

itr seems on the whole most pi-obable that it was originally the name
of some local tribe, which rose to pre-eminence.
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alone tliey are really indigenous, and regard themselves

as the aboriginal population. Elsewhere they are met in

scattered communities chiefly round the coast of Borneo,

in the Sulu Archipelago, in Tidor, Ternate, and some other

members of the Molucca group, where they are held to

be intruders or immigrants from Sumatra.

Long considered as an independent division of mankind,

the Malays are now more generally affiliated to the Mongol
stock, of which A. R. Wallace, De Quatrcfagcs, and other

eminent naturalists regard them as a simple variety more

or less modified by mixture with other elements. " The
Malayan race, as a whole, undoubtedly very closely

resembles the East-Asian populations from Siam to

Manchuria. I was much struck with this when in the

island of Bali I saw Chinese traders who had adopted the

costume of that country, and who could then hardly bo

distinguished from Malays ; and, on the other hand, I have

seen natives of Java who, as far as physiognomy was con-

cerned, would pass very well for Chinese."' In fact, the

typical Malay can scarcely be distinguished anthropologi-

cally from the typical Mongolian. He is described as of

low stature, averaging little over 5 feet,- of olive-yellow

complexion inclining to light brown or cinnamon, brachy-

cephalous, with somewhat flat features, high cheek bones,

black and slightly oblique eyes, small but not flat nose,

dilated nostrils, mouth wide but not projecting, hands
and feet small and delicate, legs very thin and weak, coarse

black hair always lank and round in section, scant or no
beard.^

The departure from this description so frequently noticed

in the archipelago must be attributed to intermixture with

the black Papilan stock in the east, and with a distinct

pre-Malay Cauoasic element in the west. The presence of

this " Indonesian " element, as it is called by Dr Hamy,
may now be regarded as an ascertained fact, the recogni-

tion of which will help to remove many of the difficulties

hitherto associated with the natural history of the Malay
race. It at onco explains, for instance, the apparent dis-

crepancy between the foregoing description of the ordinary

Malay and that of the Battar, Orang Kabu, and many
other Sumatran and Bornean peoples described as tall and
robust, with regular features, symmetrical figure, light

complexion, brown and wavy hair, and general European
appearance.''

These considerations also enable us to fix the true centre

of dispersion of the Malay race rather in Malacca than in.

Sumatra, contrary to the generally received opinion. If

they are to be physically allied to the Mongol stock, it is

obvious that the earliest migration must have been from
High Asia southwards to the peninsula, and thence to

Sumatra, possibly at a time when the island still formed
part of the mainland. The national traditions of a disper-

sion from Menangkabo or Palembang in South Sumatra
must accordingly be understood to refer to later movements,
and more especially to the difl'usion of the civilized Malay
peoples, who first acquired a really national development
in Sumatra in comparatively recent times. From this

point they spread to the peninsula, to Borneo, Sulu, and
other parts of Malaysia, apparently since their conversion
to Islam, although there is reason to believe that other
waves of migration must have reached Further India and
especially Camboja, if not from the same region at all

events from Java, at much earlier dates. The impulse to

these earlier movements must be attributed to the intro-

' Wallace's Malay Archipelago, 6th ed., p. 691.
' Miiller says 4 ft. 6 in. to 5 ft. ; Wallace 5 ft. 2 in. to 5 ft. 4 in. ;

Flower 5 ft. 3 in. ; others 5 ft.

' See Dr A. B. Meyer, Mitiahassa auf Celebes, Berlin, 1876, p. 7.
* Kee Schouw-Sautvoort, in Annales de VExtrlme Orient, 1878-79,

p. 148; and Montano, Proc. Roy. Geol. Soc., 1881, p. 693.

duction of Inaian culture through thj Hindu and Buddhist
missionaries, perhaps two or three centuries before the
Clyistian era. D'-ring still more remote prehistoric times
various sections of the Malay and Indonesian stocks were
diffused westwards to Madagascar, where the Hovas, of

undoubted Jialay descent, still hold tie political supre-
macy, and eastwards to the Philippines, Formosa, Micro-
nesia, and Polynesia. This astonishing expansion of the

Malaysian peoples throughout the Oceanic area is sufiB-

ciently attested by the diffusion of a common Malayo-
Polynesian speech from Madagascar to Easter Island, and
from Hawaii to New Zealand. See Polynesia.
The Malays proper have long been divided socially into three dis-

tinct groups,—tlic Orang Bcnua, or " Men of the Soil," that is, the
uncivilized wild tribes ; the Orang-laut, or " Men of the Sea," that
is, the semi-civilized floating population ; and the Orang MalAyu,
or " Malay Men," that is, the civilized Malays with a culture, a
literature, and a religion. The Orang Beniia, called also Orang
Gunung, or "Highlanders," and sometimes even Orang-utan, or
"Wild Men," constitute the aboriginal Malay element, the " raw
material," so to say, of the race, which has hitherto remained
wholly unaffected by foreign influences, and which is still grouped
in small tribes at a very low stage of culture, living nearly exclusively

by the chase, and almost destitute of all social organization. They
are found chiefly in the more inaccessible wooded uplands of

Malacca and Sumatra, in the former region more or less intimately
associated for ages with the Negrito tribes, and in the latter island

apparently the sole occupiers of the land from the first. Interme-
diate between the Orang Beni'ia and Orang Maldyu are the Orang-
iaut, the "Sea Gipsies" of English writers, who still occupy the
same low social position that they held when the Portuguese first

reached Malaysia. They were then described by De Barros under
the name of Cellates, or "people of the Straits," as "a vile people
dwelling more on the sea than on the land," and "living by fish-

ing and robbing"; and this description is still largely applicable,

although piracy is now all but suppressed in the Eastern waters.

The Bajau and Millanau of the Sulu Archipelago and neighbouring
coast lands also belong to this class of sea nomads. Lastly, the Orang
Maldyu are that section of the race which, under the iufluence first

of the Hindus and then of the Arabs, has developed a national life

and culture, and which has founded more or less powerful )iolitical

states in various parts of the archipelago. But here again it is

necessary to distinguish between the civilized Malays projier. and
the other civilized branches of the race, to whom the term Malay
is never applied, and who speak languages which, while belonging
to the common Malay linguistic family, differ greatly from the
standard Malay speech. The chief divisions of all these civilized

communities are as under :—
Orang Maldyu : Menangkabo, Palembang, and Lampong in

Sumatra
;
petty states of the Malay Peninsula ; Borneo ; Tidor ;'

Ternate.

Sumatran group : Aehinese, Eejangs, Passnniahs.
Javanese group : Javanese proper, Sundanese, Madurese, Balinese.

Celebes group : Bugis, Mangkassara, and others.

Philippine group : Tagalas, Bisayans, Bicol, Sulu, and others.

Outlying groups : Hovas of Madagascar, Formosan Islanders.

In all these the distinctly Malay phys'ca) type decidedly pre-

aominates, whereas elsewhere in the arcfiipc'ago the so-colled

Malays are often rather " Indonesians," in whom the distinctly

Caucasic physical type predominates. Such especially are the
Battas and Orang Kubu of Sumatra, the Nias and Mentawey
islanders, the Kayans, and many of the Uyak tribes of Borneo.'

In their temperament no less than in their features the Malays
still betray their Asiatic origin. They are described as of & taciturn,

undemonstrative disposition, little given to outward manifestations

of joy or sorrow, yet extremely courteous towards each other, and
as a rule kind to their women, children, and domestic animals.

Slow and deliberate in speech, neither elated by good nor depressed

by bad fortune, normally impassive and indolent, they are never-

theless capable of the greatest excesses when their passions are

roused. Under the influence of religious excitement, losses at gamb-
ling, jealousy or other domestic troubles, they are often seized by
the so-called "amok" fever, when they will rush wildly through

the crowded streets armed with their sharp krisses, cutting down
all who cross their path with incredible fury and without the least

discrimiiiation. Amongst the practices and propensities which

connect them with the Mongoloid inhabitants of Indo-China the

most striking are pile-building, especially in Java and Borneo

;

cock-fighting, universal throughout the archipelago ; a pronounced
taste for putrescent fish, with a corresponding dislike of milk ;

head-

hunting (Borneo and Celebes); large ear-ornaments, greatly dis-

tending the lobe ; husband entering the wife's family, and father

' See Carl Bock's Bead-Muntera of Borneo, p. 59.
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excliaiiging his ohm fur liis chilli's name; cuunting by numeral
aiixiliaiics, such as i>i:ljble, chic-i', log, mountain, ft'uthur, Lc,
according to the natuie of the objcct.i.

Tlie race is on the whole of a sluggish intelitct, inferior in

natural intelligence even to the surrounding Papuan populations.

Dr Montano tells us that in the girls' school at Malacca, conducted
by the lionian Catholic sisters, the Chinese cliildren take the first,

the Mantras (aborigines) the second, and the Malays the last place

in order of capacity.' Unaided by foreign influences they never
attained a liigher culture than that of tlic " Sea Gipsies" ; and for

their letters, most of their art.s, and tlieir religions they are in-

debted either to the Hindus or tho Arabs. (A. H. K.)

Jfalay Laiujuage and Lilcratarc.

The Malay language is a member of the Malayan section of tiie

Malayo-Polynesian class of languages, but it is by no means a re-

presentative type of the section wliich has taken its name from it.

1'he area over which it is spoken comprises the peninsula of Malacca
with the adjacent islands (the lihio-Lingga Arcliipelogo), the greater

part of the coast districts of Sumatra and I'orneo, the seaports of
Java, the Sunda ami lianda Islands. It is the general medium of

cpmmunicatiou throughout the archipelago from Sumatra to the
Pliilippine Islands, and it was so upwards of three hundred and
fifty years ago when the Portuguese lirat apiieared in those parts.

There arc no Malay manuscripts extant, no nionuniental records
with^ inscriptions in Malay, d.a.ting from before the spreading of

Islam in the archipelago, about the end of the 13th century. By
some it has been argued from this fact that the ilalays jiossessed

no kind of writing prior to the intro.luction of the Arabic
alpliabet (W. Itobinson, J. J. do Hollander) ; whereas others liavo

maintained, with greater show of probability, that the Malays were
in possession of an ancient alphabet, and that it was the same as

the Rechang(Marsden, Friederieh), as the Kawi(Van der Tuuk), or
most like the Lampong (Kern),—all of which alphabets, with the
Hattak, Bugi, and Jlacassar, are ultimately traceable to the ancient
C«mb>jan characters. With the Mohammedan conquest the Perso-
Arabic alphabet was introduced among the Malays ; it has continued
ever since to be in use for literary, religious, and l)usiness purjioses.

Where Javanese is the principal language, Malay is sometimes
found written with Javanese characters ; and in Palenibang, in
the Menangkabo country of Middle Sumatra, the Rechang or
Kenchong characters are in general use, so called from the sharp
and pointed knife with which they are cut on the smooth side of
bamboo staves. It is only since the Dutch have established their
supremacy in the archipelago that the lioman character has come
to be largely used in writing and printing Malay. This is also tho
cn.se in the Straits Settlements.

By the simplicity of its phonetic elements, the regularity of its

grammatical structure, and the copiousness of ils nautical vocabu-
tiiry, the Malay language is singularly well-fitted to be the lingua
franca throughout the Indian archipelago. It possesses the live

vowels o, », 11, e, o, both short and long, and one pure diphthong
ou. Its consonants are k, g, iig, c/i, j, li, I, d, n, p, b, 7n, y, r, /,

to, s, h. Long vowels can only occur in o|ien syllables. The only
possible consonantal nexus in pundy Malay words is that of a nasal
and mute, a liquid and mute and vice versa, and a liquid and nasal.
Final k and h are all but suppressed in the utterance. Purely Arabic
letters are only used in Arabic words, a great number of which have
been received into the JIalay vocabulary. But the Arabic charac-
ter is even less suited to Malay than to the other Eastern languages
on which it has been foisted. As the short vowels are not marked,
one ttoulJ, in seeing, e.g., tho word Intng, think lirst of hinlang, a
star; but the word might also mean a large scar, to throw down,
to spread, rigid, mutilated, enceinte, a kind of cucumber, a redoubt,
according ea it is pronounced banlmig, banting, bcniang, bunlang,
bi'nf}(ng, itvnCing, bontcng, bcnUng.
Malay is essentially, with few exceptions, a dissyllabic language,

and the syllabic accent rests on the iienultimate unless that syllable
is open and short; e.g., dalang, nainaha, besar, diumjiatkaniialali.
Nothing in the form of n root word indicates the grammatical cate-
gory to which it belongs ; thus, kusih, kindness, alfeetionate, to
love

J
ganti, a proxy, to exchange, instead of. It is only in deriva-

tive words that this vagueness is avoided. Derivation is elTected
by infixes, prefixes, aflixes, and reduplication. Infixes occur moro
rarely in Malay timn in the cognate tongues. Examples are

—

gunili, a rumbling noise, gumuruh, to make such a noise ; tiinjuk;
to jioint, tclunjnk, the forefinger ; cliuclink, to pierce, cheruchulf,
a stockade. The imjiort of the prefixes—me (meng, nieft, men,
Diem), pe (pi;ng, pefi, pi;n, pem), blSr(bi;l), per, pel, ka, di, ter,—and
«ffi.xcs—an, kan, i, lali—will best appear from tho following
examples : root word ajar, to teach, to learn ; mhigdjar, to instruct
(expresses an action) ; Itldjar, to study (state or condition)

;

vxingajari, to instruct (some one, trans.) ; mlngdjarkan, to instruct
(in something, causative)

;
pingajar, tho instructor

; plldjar, the

' Col. Yule, in Jour. Anihrop. Soc. for Febnia.y 1880.
•your, d'Anthropologic for March 188'2.

learner
;
plngctjaran, the lesspn taught, also the school

; p^ajararC
the lesson learnt ; didjar, tn bo learnt ; tirdjar, learnt ; ItrdjarkOK,
taught ; tfrajdri, instructed

;
[jpfrdja (from raja, prince), to recog-

nise as prince
;
phajdkan, to crown as prince ; karajdan, royalty]

;

djarkanlah, teach ! Examples of reduplication are—djar-djar, a
sainted person

; djar-b&djar (or blldjar), to be learning and teach-
ing by turns

;
similarly there are forms like djar-mingdjar, birdjar-

ajdran, djar-ajdri, mlmph-djar, mtmpfrdjarkan, m^phajdri,
llrbildjarkan, pSrbl/djarkan, &c. Altogether there are upwards of
a hundred possible derivative forms, in the idiomatic use of which
the Malays exhibit much skill. See especially H. von Dewall, De
vormvcranderingen der Maleische taal, Batavia, 1864 ; and J.
i'ijiiappel, Maleisch-Hollandsch li^oordenbock, Amsterdam, 1875,
" Inleiding. " In every other respect the language is characterized by
great simplicity and indefiniteness. There is no inflexion to dis-
tinguish number, gender, or case. Number is never indicated when
the sense is obvious or can be gathered from the context; othermse
plurality is expressed by adjectives such as sagdla, all, and bdhak,
ni.iny, more rarely by the repetition of the noun, and the indefinite
singular by ta or sdtu, one, with a class-word. Gender may, if

necessary, be distinguished by the words laki-Idki, male, and
pSrainpfian, female, in the case of persons, and ofjantan and blliTia

in the case of animals. The genitive case is generally indicated by
the position of the word after its governing noun. Also adjectives
and demonstrative pronouns have their places after the noun.
Comparison is efl'erted by the use of particles. Instead ctf the per-
sonal pronouns, both in their full and abbreviated forms, conven-
tional nouns are in frequent use to inJicate the social position or
relation of tho respective interlocutors, as, e.g., hamba tuan, the
master's slave, i.e., I. These nouns vary according to the different
localities. Another peculiarity of Malay (and likewise of Chinese,
Shan, Taking, Burmese, and Siamese) is the use of certain class-
words or coefficients vith numerals, such as orang (man), when
speaking of persons, ekor (tail) of animals, k?pi-ng (piece) of flat

things, bJji (seed) of roundish things ; e.g., lima b'lji tilor, five egga.
The number of these class-words is considerable. Malay verbs have
neither person or number nor mood or tense. The last two are
sometimes indicated by particles or auxiliary verbs ; but these are
generally dispensed with if the meaning is sufficiently plain without
them. The Malays avoid the building up of long sentences. The
two main rules by which the order of the words in a sentence is

regulated are—subject, verb, object ; and qualifying words follow
those which they quahfy. 'This is quite the reverse of what is the
rule in Burmese.
The history of the Malays amply accounts for the number and

variety of foreign ingredients in their language. Hindus appear ta
have settled in Sumatra and Java as early as the 4th century of our
era, and to have continued to exercise eway over the native popula-
tions for many centuries. These received from them into their
language a very large number of Sanskrit terras from which we can
infer the nature of tho civilizing influence imparted by the Hindu
rulers. Not only in words concerning commerce and agriculture,
but also in terms connected with social, religions, and administra-
tive matters, that influence is traceable in Malay. See W. E.
Maxwell, Manual of the Malay Language, 1882, pp. 5-34, where
this subject is treated more fully than by previous writers. This
Sanskrit element forms such an integral part of the Malay vocobu-
lary that in spite of the subsequent infusion of Arabic and Persian
words adopted in the usual course of Mohammedan conquest it has
retained its ancient citizenship in the language. The number of
Portuguese, English, Dutch, and Chinese words in Malay is not
considerable ; their presence is easily accounted for by political or
commercial contact.

Tho Malay language abounds in idiomatic expressions, which con-
stitute the chief clilliculty in its acquisition. It is sparing in tho
use of personal pronouns, and prcfcis impersonal and elliptical

diction. As it is rich in specific expressions for the various aspects
of certain ideas, it is requisite to employ always the most appro-
priate term suited to the particular aspect. InMaxwell's Manual,
]ip. 120 sq., no less than sixteen terms are given to express the
diflerent kinds of striking, as many for the difl'erent kinds of speak-
ing, eighteen for tho various modes of carrying, &c. An unneces-
sary distinction h.as been made between I/iijh Malay and Low
Malay. The latter is no separate dialect at all, but a mere brogue
or jargon, the medium of intercourse between illiterate natives and
Europeans too -indolent to apply themselves to the acquisition of the
language of the people ; its vocabulary is made up of Malay words,-
with a conventional admixture of words from other languages; and
it viiries, not only in difl'erent localities, but also in proportion to
the individual speaker's acquaintance with Malay proper. The nse
is difl'erent as regards the term Jdui as applied to the Malay
language. This has ita origin in tho names Great Java and Lesser
Java, by which the mediaival Java and Sumatra were called, and
it accordingly means the language snoken aloD<' tho coasts of the
two grrat ialftnd>.

Malay is probably spoKen witn greatest purity in the Rhfo-"

Lingga Archipelago and in the indeoendent states of Pcrak aud
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Kedah, on the western coast of the peninsiJa.of Malacca. In other

states of the peninsula (Johor, Tringganu, Kelantan) dialectical

divergencies both as to pronunciation and the nse of words have

been noted. The most important nndthe most interesting of all

the JIalay dialects is that of Menangkabo (Jlenangkarhau) in the

residency of Padang and in Upper Janibi, in Central Sumatra. It

abounds in diphthongs, and prefers vocalic to consonantal termina-

tions, thus changing final al and ar into o', il and ir into iye, ul

and ar into uwe, as and at into c', us into uivi ; final a mostly passes

into 6, so that for sv.ddra and sudagaT they say sxcdVro, sud!go ;

the emphatic -lah is turned into -malah or maJah fid ; the prefi.tes

blr, pir, Ifr are changed into ba, pa, la, or Mta, pua, turi.

Among other changes in pronunciation, may be noted irang for

oraiig, mungko for mciba, lai for Idgi; they use nan for yanj, no'

for hendak; deh for aleh, ba' for bajai, jmi for perji, ko' (orjikalau,

tc. In some districts of SKnanglcabo (Palembang, Lobong) the

Uenchong character is in general nse in Tvriting tliis dialect, for

which purpose it is far bettor suited than the Arabic. As early as

1822 a anioU tract on the customs and traditions of Jloko-iloko,

iu tills dii-^ect, was printed with a translation at Bencoolcn. But

it is only in recent years that the Dutch have commenced to pay

the dialect the attention it deserves, by publishing texts, with

transliteration and translations, and supplying other materials for

its investigation. See the Traitsactions and Journal of the Asiatic

Societies of Batavia and the Hague, the Jiidischc Gids, and more

especially the iihilological iwrtion, by A. L. van Ha.sselt, of Middai-

Sumatra, iii. 1 (Leyden, 1880), where al'O the best and fiiUest

account of the Renchong character is to be found. Of other Malay

dialects in Sumatra, only the one spoken at Achih (.Vchin) deserves

mention ; in Java the Batavian dialect shows the most marked

peculiarities. The numerous and greatly divergent dialects spoken

in the Molucca Islands (valuable infoimation on which has been

supplied by F. S. A. dc CUrcq, G. W. W. C. van Hoevell, and A.

van Ekris) and in Timor differ so materially from the Malay of the

Seninsula and of Menangkabo that they cannot be called Malay

ialects at all ; whereas the Malay spoken in some parts of the

Minahassa (Celebes) scarcely differs from Malay proper.

There is no grammar of ilalay by.a native writer with the solo

exception of a small tract of 70 pages, entitled Biisldim 'Ikatib'm,

by Kaja Ali Ha.iji of Pihio, which was lithographed in the island

of Peiiengal in 1857. A. Pigafetta, who accompanied Magellan in

his first voyage round the globe, was the first European whoso

vocabulary of JIalay words (450) has come down to us. Next in the

field were the Dutch, who provided a medium of intercourse between

their traders and the Mahays. F. Houtman's Vocalidary and

Conversations, in Dutch, Malay, and Maldrjnsy, appeared at

Amsterdam in 1603 ; and it may be noted that the Malay spoken

in those days does not appear to hove materially altered since.

The same dialogues appeared iu English and Malay in 1614. Since

then numerous grammars, dictionaries, and conversation books have

been brought out by English and Dutch writers. As the best

helps at present available for the study of Malay may he recom-

mended W. E. Maxwell's Manual of the Malay jAinguage,

London, 1882 (especially valuable for its full treatment of the

idioms) ; P. Favre, Grammnire dc la languc Malaise, Vienna and

Paris, 1876 ; and Didionnairc Malais-Pran<;ais, ib., 1875, 2 vols.
;

Didionnaire Fraiu^ais-Malais, ib. , 1880, 2 vols. ; J. J. de Hollander,

Handleiding bij de beocfcning dcr Makische taal en kllerkunde,

Breda, 1882 ; J. Pijnappel, Malcisclu! Spraakkunst, Hague, 1866
;

and Maleisch-Hollandsch JVoordenboek, Amsterdam, 1875. The

printing of Von Dewall'a Diclionari/, edited by H. N. van der

Tuuk, is still in progress at Batavia.

Literalurc.—There are two kinds of Malay popular literature—

the one in prose, the other in poetry. The former comprises the

proverbs, thelatterthe "pantuns." '"'Agriculture, hunting, fishing,

boating, and wood-craft are the occupations or accomplishments

which furnish most of the illustrations, and the number of beasts,

birds, fishes, and plants named in a collection of Malay proverbs

will be found to be considerable" (W. E. JIaxwell, Malay Proverbs).

H. C. Klinkert published a collection in the Bijdragm tot de

taalkunde van N. I. (Journal of the Asiatic Society of the Hague)

for 1866, pp. 39-87. See also J. Habbema on the Menangkabo pro-

verbs, in vols. XXV. and xxvi. of the Batavian Tijdschrijt, and

Favro's Bidionnaire Malais-Fran^ais, passim. The pantuns are

improvised poems, generally (though not necessarily) of four lines,

in which the first and third and the second and fourth rhyme._

They are mostly love poems ; and their chief peculiarity is that the"

meaning intended to be conveyed is expressed in the seoond couplet,

whereas the first contains a simile or distant allusion to the second,

or often has, beyond the rhyme, no connexion with the second at all.

The Malays are fond of reciting such rhymes " in alternate contest

for several hours, the preceding pantun furnishing the catchword

to that which follows, until one of the parties be silenced or van-

quished." See T. J. Newbold, Account of the British Settlements itt

the Straits of Malacca, vol. ii. 346 ; Klinkert in the Bijdragcn for

186S, pp. 309-70 ; L. K. Hannsen in the Tijdschri/I, vol. xxi. pp.

480-533 (Menangkabo). If the Malays have kept entirely aloof

from the influences of Lslam in this the most characteristic part ot

their literature, they have almost equally preserved their independ-
ence in the other departments. Not that this may be considered

entirely to their credit ; for, if they had endeavoured to infuse into

their writings some of the spirit of Arabic and Persian historio-

graphy, poetry, and fiction, it could notbutha\"6 benelited the char-

acter of .their own literary productions. As it is, their histories and
chronicles arc a strange motley of truth and fiction ; their poems
and novels lack coherence and imagination, and are singularly

monotonous and devoid of that spirit of chivalry which peivades

the corresponding branches of literature among the leading nations

of Islam. As Malay copyists are much given to making arbitrary

changes, it happens that no two MSS. agree, and that of many a
popular work dilTerent recensions exist, which, moreover, often go
by different names. This ciicunistance greatly tends to increase

the difficulties of editing Malay texts. Works on specially

Mohammedan subjects (theology, law, ethics, mysticism) are of

course only imitations of Arabic or Persian originals ; there are also

numerous novels and poems treating of purely Mohammedan
legends. But not only is there traceable in many of these a slight

undercurrent of Hinduism and even pre-Hinduism ; the Malays
possess also, and indiscriminately read along with their Mohammedan
books, quite as many works of lictiou of purely Hindu origin. The
want, however, of political cohesion, and of a national spirit among
tribes so scattered as the Malays are, which could have favoured the

growth of a national epic or national songs, sufficiently accounts for

the absence from their literature of any productions of this cla^s,

such as exist in Bugi and Macassar literature. The most populat

of their poetical productions are the Sha'ir Ken Jambuluin, Sha'ir

Bidisdri, Sha'ir Jauhar Manikam and Sha'ir 'Abdu'lmuluk, all of

which have been printed. Among the prose works there are various

collections of local laws and customs (undang-iindang), chronicles

(such as the Sajarat malayu), books on ethics (the heat are the

Makota sagala raja-raja, and. the BustdmCssaldt'tn, and a very

large number of works of fiction and legendary lore, some of which

possess much descriptive power. They all bear the title Hikayat,

and the following are the best-known : H. Hang Tuah, II. Ilamzah,

H. Isma, Yallm, H. Jumjumah, U. BaklUiydr (Sidali, Bakhlln,

Gholdm), B. Simiskin, U. SuUan Ibrahim, H. Sri Rama, 3.
PatiJAlwa lima. Several of these and many other works.not men-
tioned here have appeared in print (with or without translation)

chiefly in Holland, Batavia, and Singapore, and extracts have been

given in the various Mal.ay chrestomathies by Dulaurier, De
Hollander, Kiemann, Van dcr Tuuk, Grashuis, and in Marsden's

Malay Grammar. The best recent Malay writer was 'Abdullah ibn

'Abdclkadir Munshi of Singapore, who died, it is said of poison, at

Mecca, some eight and twenty years ago. His autobiography,

"journey to Kelantan," and "pilgrimage to Mecca" are patterns

of Malay style, though the author's contact with educated Euro-

peans is traceable in them, while his translation (from the Tamil

version) of the Panchatantra is free from such influence.

Malay literature is fairly represented in England in the British

JIuseum, the India Office, and the Royal .Asiatic Society, and

descriptive catalogues of the JIalay ilSS. in fach of these libraries

are available. See Kiemann iu the Bijdragm, iii. 6, p. 96-101
;

Xan der Tuuk in Tijdschri/I voor Ned. bulii for 1849, i, p.

3S5-400, and in the Journal of theSoyal Asiatic Society, new series,

ii. p. 85-135. An account of the Leyden collection, by J.

Pijnappel, is given in the Bijdragcn, iii. 5, p. 142-178. The finest

collection of Malay MSS., upwards of 400 volumes, is in the library

of the Asiatic Society of Batavia. See L. W. C. van den Berg,

Vcrslag vaneene vermmcling Maleischc, i'C. , handschriften, Batavia,

1877. If it had not been for the loss, by fire, on their passage from

India, of three hundred Malay JISS., the property of the kte Sir

T. S. Raffles, England would now boast of the largest assemblage

of Malay MSS. in the world. On Malay literature in general com-

pare 6. H. Wemdly, Maleische Spraakkunst, Amsterdam, 1736,

pp. 227-357 ; E. Jacquet in the Kouveau Journal Asialiqw, vol.

IX. (1832), pp". 97-132, and 222-258 ; T. J. Newbold, British

Settlements in the Straits of Malacca, 1839, vol. ii. pp. 215-368

;

E. Dulaurier, Mimoire, kllres, el rapports, Paris, 1S43 ; J. J. d»

Hollander, Handleiding bij de beoefening der MaUische laal e»

leUcrkunde, Breda, 1882, pp. 277-388 ; and G. K. Kiemann, ia

Bijdragcn, iii. 1 (1866), pp. 113-46, 333 sq. (E- K._)

MALCOLM, Sir John, G.C.B. (1769-1833), soldier,

diplomatist, administrator, aud autlior, was born at Burn-

foot of Esk, near Langholm, Dumfriesshire, Scotland, on

May 2, 1769. At the age of tvyelve he received a

cadetship in the Indian army, and in April 1783 he

landed at Madras, shortly afterwards joining his regiment

at Vellore. In 1792, having for some time devoted

himself to the study of Persian, he was appointed to the

staff of Lord Cornwallis as Persian interpreter, but two.

years afterwards was compelled by ill-health to leave for
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England. On~ tis return to India iu 179C he became

militaiy secretary to Sir Alured Clarke, commander-in-

chief at Madras, and afterwards to his successor General

BArrig ; and in 179S he was appointed by Lord Wellesley

assistant to the resident at Hyderabad. Iu the last

mentioned capacity he highly distinguished himself by

the manner in wliicli lie gave effect to the difficult measure

•f disbanding the French corps in the pay of the nizam.

In 1799, under the walls of .Seringapatam, began his

intimacy with Colonel Arthur Wellesley, ivhich in a short

time ripened into a life-long friendship; iu the course of

the same year he acted as first secretary to the commission

appointed to settle the Mysore government, and before its

close he was appointed by Lord Wellesley to proceed as

envoy to the court of Persia for the purpose of counteract-

ing the policy of the French by inducing that country to

form a British alliance. Arrlvingat Teheran in December

JISOO, he was successful in negotiating favourable treaties,

both political and commercial, and returned to Bombay by

way of Baghdad in Jlay 1801. He now for some time

held the interim post of private secretary to Lord

Wellesley, and in 1803 was appointed to the Mysore

residency. At the close of the Mahratta war, in 1804,

and again in 1805, he negotiated important treaties with

Sindhia an.'l Ilolkar, uud iu ISOG, besides seeing the

BTrangeraents arising out of these alliances carried out, he

directed the difficult work of reducing the immense body
of irregular native troops. In I SOS he was again sent on

a missioa to Persia, but circumstances prevented him from
getting beyond Bushire ; on his reappointment in 1810,

he was successful indeed in procuring a favourable

reception at court, but otherwise his^embassy, if the

information which he afterwards incorporated in his works

on Persia bo left out of account, was (through no fault

of his) without any substantial result. He sailed for

England in 1811, and shortly after his arrival in the

following year was knighted. His intervals of leisure he

devoted to literary work, and especially to the composition

of a History of Persia, whicli was published in two quarto

volumes in 1815. On his return to India in 1817 he was
appointed by Lord Moira his political agent in the Deccan,

with eligibility for military command ; as brigadier-general

under Sir T. Hislop he served against the JIahrattas and
Pindharis, and took a distinguished part in the victory of

Mebidpur (December '21, 1817), as also in the subsequent

work of following up the fugitives, determining the

conditions of peace, and settling the country. In 1821 he

returned once more to England, where he remained until

1827, when he was appointed to the Bombay government.

His influence in this office was directed to the promotion

of various economical reforms and useful administrative

measures. Leaving India for the last time in 1830, ho

shortly after his arrival in England entered parliament

as member for Launceston, and was an active opponent

of the Reform Bill. He died of paralysis on May 30,

1833.

Besides the work mentioned nbovi-, Sir jonn Slalcomi puoiishej

Skdchof the PoUUcal Hutoi-y of India since . . , 1784, in 1811 and
1826 ; Sketch of the Sikhs, 1812 ; Obacrvalions on the Dislurlmticcs

in the Murlrai jinny in 1809, 1S12; Persia, a Poem, anonymous,
i8H ; A Afcmoir of Central India, 2 vols., 1823; and Sketches of
Persia, anonymous, 1827. A posthnmous work, Life of Rolcrt,

Lord Clive, appeared in 1836. See Life and Correspondence of
ifajor-Gcneral Sir John Malcolm, G.C.D., by J. J\V. Kayc, 2 vols.,

1856.

.•^lALDAH, a district in the lieutenant-governorship of

Bengal, India, between 24* 29' 50 " and 25" 32' 30" N. lat.,

and 87° 48' and 88° 33' 30" E. long., the C.anges river

forming the continuous west and south-west boundary.

The administrative headquarters are at English BazAr.

The district, of which the area is 1813 stj^are milSs, is

divided into two almost equal parts by the Mah4nand4
river, flowing from north to south. 'The western tr;.ct

between the Jlah.'inandd and the main stream of the

Ganges is a low-lying alluvial plain of sandy soil and great

fertility. The eastern half is an elevated region broken by

the deep vallejs of the TAngan and PurnAbbdb4 rivers ancl'

their small tributary streams. The soil of this district is

a hard red clay ; and the wiiole is overgrown with thorny

troe jungle known as the koiil. Agricultural prosperity

centres on the Mah.'lnandi, wliero mango orchards and high

raised plots of mulberry land extend continuously along

both banks of the river. The Ganges nowhere intersects

the district, but skirts it from its north-western corner to

the extreme south. The Mahdnandii flows in a deep well-

defined channel through the centre of the district, and joins

the Ganges at the southern corner. Its tributaries are the

Kalindri on the right, and the TAngan and PurnAbhiba on

the left bank.

Tlie population in 1881 was 710,310 (347,055 males and 363,253

females). In 1872 the number of inhabitants was 671,974,—'

355,276 Hindus, 307,460 Hohamnipdans, 919.5 aboiigines, and 43
fliiistians. The male adult agriculturists numbered 134,353.

Only two towns then contained upwards of 5000 inbabitants,

viz., English Bazar or Angrazdhad, 12,859, and JIaldah, 5262,

Tbe most important centres of conmievce are Uaiatpur on th$

Ganges, and liobanpur on the Puin.-ibhaba, just above the coni

fluence of that river with the JIahanandd. Eice constitutes

the staple crop, and occupies about 53 per cent, of the total

cultivated food crop area. Tbe miscellaneous crops include

indigo, nmlberrj-, and mangoes. The average rate of rent may
be put at over 4s. an acre. There is little that is peculiar in the

land tenures of the district, except the existence of sever.al large

I'ent-free estates, granted as endowments to Mohammedan fakirs.

Among cultivating tenures, the hal /idsi'Zd deserves notice, under

which the annual rent varies according t.i the nature of the crop

raised. This tenure is most common in the bacliward p.arts of the

district, and one of its iucidents is that it allows a certain proportion

of the village lands to lie fallow. Maldah is liable to some extent

to the ralamities of Hood and drought; but the means of com-
munication by nver are sufficiently ample to prevent scarcity from

intensifying into acute distress. The two staple manufactures are

silk and cotton. Br.iss ware of excellent quality is manufactured at

Nawabganj, and paper in certain villages. The priuci|)al exports

are rice, silk, indigo, bras* ware, and mango fruit. The imports

comprise cotton cloth, salt, sugar, spices, and betel-nuts. The net

revenue of the district in 1S80-81 amounted to £60,674, of which

£37,993 was derived from the land tax, and £11,538 from excise.

Education was afforded in 1872 by 170 schools, attended by 4207

pupila. The average annual rainlall of the distiict is returned at

54 '56 iuclies. The chief epidemic diseases are malarious fever,

cholera, and small-po.x.

JIald.ah supplied two great cajiitals to the early Jlohanimcdan

kings of Bengal ; and the sites of Gaur and Panduah exhibit tho

most interesting remains to bo found in the lower Gangetic valley.

See G.\UR, vol. x. p. 112 sg. The connexion of the East India

Company with Maldah dates from a very early period. As far back

as 168G there was a silk factory there. In 1770 English Bazar was

fixed upon for a commercial residency, the bnildings of which at

the present day form both the public offices aud private residence

of tho collector.

MALDEN, a city of the United States, in Middlesex

county, JIassachusetts, situated on tho Slalden river, 5

miles north of Boston. JIalden was settled in 1G34, being

then known as the village of Mystic Side. It was incor-

porated as a town under the name of " Matildon " in 1649,

and became a city in 1882. It is a place of considerable

industrj', producing india-rubber boots and shoes, leather,

lasts, sandpaper, ite. There are Turkey red dye-works

;

and the U. S. Government has a depot where large quan-

tities of saltpetre arfe stored. Judson, the apostle ol

Burmah, was born in the town in 1788. The population

has increased from 73G7 in 1870 tn 12,017 in 1880.

JIALDIVE ISL.^XDS, a remarkable archipelago in

tlie Indian Ocean, the northern extremity of which is
7°

west of Ceylon, and which extends in length from north

to south, from 7' T N. lat. to 0° 42' S., a space of 540

British nviles (or about as far as from Kirkwall in Orkney

to Dover), and is limited in width by the meridians 72°
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27' and 73° 50'.' The strange appearance which this

group assumes iu the old maps of the 16th and 17th
centuries (see fig. 2, from Mappemonde, cited on p. 329) is

entirely inaccurate in detail, but hardly so singular as the

reality exliibited by modern surveys.

The archipelago is iu some respects one of the most dis-

tinctly typical examples of a great aggregation of coral

islands ; indeed the technical name adopted by modern
science for the annular coral formation which they eshibit

(vi2., atoll) has been taken from the language of these

islands.- For Mr Darwin's theory of such formations see

voL vi. p. 378. Objections to this have recently been
raised by Mr John Murray, but these do not affect the

description.^

The Maldive archipelago in plan may be compared to a
chain suspended from a peg, each link of which chain is an
irregularly elliptical cliaplet of islets, the greater axes of

tliese quasi-ellipses varying from about 90 miles down-
wards. Taking separately any one of tliese cliaplets (or

alolls), we now know it to be the nearly level summit of a
submarine table-mountain, rising abruptly from the un-
fathomable ocean, and approaching the surface within a
distance which varies in different atolls from 20 to 45
fathoms. The quasi-elliptical margin of the atoll is fringed,

and the central expanse of its area is more or less sparsely

studded, "with oval basins of coral-rock just lipping the

surface of the sea, and each containing a lake of clear water "'

(Darwin). These small oval basins, or ring-shaped reefs

and islets, are in fact essentially miniatures of the atoll

itself.

The general impression made by the Maldive atoll is

vividly drawn by the French adventurer Pyrard de la Val
(1602-7):

"Each atoUon is detached, and contains within it a great mnlti-
tade of .>:mall islands. It is a marvel to see one of these atollons,

compassed all round by a great bank of stone, insomuch that no
art of man could so well enclose with walls an equal space of
ground Looking from the middle of an atoUon you see all

round you that great bank of stone encircling the isles and defend-
ing th?m against the violence of the sea. And it is a fearful thing
even for the boldest to draw near this bank and see the waves
come on and break furiously all round .... so that you see all

round you as it were a whitened wall."

Though tlie barrier reef, or hanc de jnerre, of which
Pyrard speaks, exists in most of the atolls, there is none
in the most northerly of the great atolls (Tiladummati
and Milladumraadu, two divisions of one nfuU). In this

tliere are broad and safe navigable channels, from 1 to 2
miles wide, between all the islands forming the choplet.

A. vessel cm enter the atoll by any one of these channels,

and steer within it in any direction, anchoring anywhere
on a sandy bottom in 20 to 25 fathoms. In the more
southerly atolls entrance channels are only found at occa-

sional intervals, though in all thoy are pretty numeron.i.

Thus in Suadiva, the most southerly of the large atolls (50
miles from north to south, 36 miles from east to west),

which has a barrier reef on great part of its contour, there

are forty-two channels by which a ship cau enter the

lagoon.

It is observed that jn the double part of the chain of

atolls the openings are most numerous on those, sides

which are in juxtaposition. Thus on the three atolls of

' The solitary island of Minucoy [Mivalaii), lying 70 miles north of

the Maldive-i (med. lat. 8° 16' 30" N.; popnUtton 3O00), pertains to

these islands by the race and language of its people, but, as it has long
belonged to the raja of Cannanore, it is usually classed with the
Laccadives.

• Maid, alolu. The word alellor ie already defined as a generic ex-

pression in Zeidlers Universal Lexicon, 1732 ("a name applied to such
a place in the sea as exhibits a heap of little islands lying close together,

and almost banging on to each other"). Atolu is probably connected
with the Singhalese prep. eUiia, "inside" (Bell).

'See /'roe. Ro\j Son Edin.. 1879-KO. No. 107.
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Ari and North aud South Nilandu there are on the inner or

eastern side seventy-three deep-water channels through the
barrier, on the outer or western side only twenty-five ; whilst

on the atolh of South Mal^, FelidQ, and Mulaku, which lie

facing the three former, there are on the inner or western

side fifty-six deep-water openings, and on tho outer or

eastern side only thirty-seven. These difTerences are doubt-

less due to differences in the action of tho sea caused by the

juxtaposition of the two rows of atolls, and analogous facts

are observed elsewhere iu atolls exposed to trade-winds.

Immediately outside of the great chaplets or atolla the

figures of the soundings rise suddenly. Thus at Ihavan-

diffulu (Heawandoo of charts), the most northerly atoll,

close to the margin of the reef tho line gave 50 and 60
fathoms, and at 300 yards distanca there was no bottom
with a 300-fathora line. And this sudden increase of

depth applies to the deep channels between the atolls as

much as to tho ocean east and west of them.

We have spoken of the small reefs, which fringe the

atolls and dot their area, as also ring-shaped. This is the

type, but it is not universal. The charts show that where
the channels or breaches through the marginal reef of the

atoll are few or narrow there are no minor annular reefs

{e.g., in Suadiva) ; where the channels are somewhat
broader, the intercepted portions of reef are annular, but
not the reef in the central area ; where the channels are

broadest, almost every reef throughout the atoll is more or

less perfectly annular. The depth of the lagoon within

these rings is generally 5 to 7 fathoms, but sometimes, as

in Ari atoll, it reaches 12 fathoms. Tho outer margin of

the rings is bordei'ed with living coral, within which is a

flat surface of coral-rock. On this flat, sand partially

indurated, and fragments of coral; (fee, have accumulated,

and been converted into islets clothed Vrith vegetation.

Such islets sometimes fill the whole ring of reef, and some-

times are mere strips occupying a segment of it. Obviously
the whole aggregate of actual dry land in such an archi-

pelago is infinitesimal compared with the area of the atolls.

The highest part of the islands is generally about 6 feet

aiove water. Moresby found the surface-sand usually

about 3 feet thick, the upper part partially mixed with

vegetable matter so as to form a light soil ; below this a

white compact sand, and then a soft sandstone 2 feet thick,

below which it softened to sand again, and fresh-water

appeared.

All the islands of any extent are well clothed with wood,
including many fine large trees and the ordinary shrubs of

the Ceylon coast-jungle ; where the jungle has been cleared,

grass grows luxuriantly. But the cocoa-palm is the char-

acteristic tree ; and, low as the islands are, being covered

with these, they can bo seen from a masthead at 15 miles.

The appearance they present is that of a tuft or line of

trees rising out of the water.

A good deal of vicissitude seems to go on in the forma-

tion of new islets and decay of old ones, of which our

survey-oflScers met with various instances.

All the inhabited islands, and somo besides, afford

fresh water. But the quality of water varies ; and it is

not uncommon to see two wells within a few feet" of each

other, ouo brackish and the other excellent. None of tho

wells are more than G feet deep.

The whole archipelago has from tho earliest reports of it

lormod a little kingdom. Physically the number of atolU

may be reckoned as nineteen, besides some solitary islands
;

but administratively these are grouped into thirteen, and tho

term atoll has been transferred to this division. We give in

the following table the list of these (political) atolls, in a

second column the spelling of tho marine charts, and in a

third the list of atolls as given by Pyrard de la Yal, in the

b'sginning of the 17th century.

Names of Atolls. As in Moresby's Charts,
1637.

1. Tilladummali.
2. Miladuinmaditlu,'

orMiladunmiadu,
3. Fadiffolu.

4. Malosmadulu.
5. Male.

6. Ari.

7. Felidu.

8. Mulaku.
9. Nilandu.

10. Koluraaduhi, or

Kolumandu.
11. Haddummati.
12. Suvadiva, or

Huvadu.
13. Addu, whicli in-

cludes the island

of Fua Mulaku.

Tilla Dou Matte.

Milla Dou Madou.

PaddiphOlo.
Mahlos Mahdou.
Mal«.

Ari.

Phah-Lee-doo,
Moloque.
Nillandoo.

Collomandoo.

Adou Matte.
Suadiva, or Hooah-

doo.

Addoo (and Pliooa

Moloku Island).

As in Pyi aid de la

'

Val.

TilU dou niatis.

I Milla doue ma-
j doue.

Padypolo.
Malos madou.
Male Atollon.

AriatoUon.
Poulisdous.

Molucque.
Nillandous.

CoUomadous.

Adou matis.

Souadou.

Addou and
Poua Mol-
lucque.

The list from Pyrard shows that the division in the

beginning of the 17th century was identical with what it

now is. But we may gather that it is substantially of

much greater antiquity, from the statement of Ibn Batufa

(c 1343), who says the islands were divided into aklini

(KXliJ.aTa), each under a governor. He mentions eleven of

these :—Balibfir, Kannalfl.s, Mahal, Tiiadib, Karaidfl, Tim,

Tiladummati, Hiladummati, Baridft, Kandakal, Mulftk,—of

which indeed the names of only seven, viz., (l)Tiladummati,

(2) Heladummati, (3) Balibftr, (5) Mahal, (7) Baridfi, (8)

MuMk, (12) Suweid, can be identified with those of the

existing divisions. But another, Kar^idfl, no doubt repre-

sents Karadiva, a well-known solitary island north of MaW
atoll ; Kandakal is an island of the Miladummadu atoll,

called in the charts Condaicoll ; Tim appears near the north

of Tilladummati as Oteim ; and the three—Kannalfls,

Kandakal, and Tim—are presented prominently as tho

islands Camdalus, Camdicall, and Otimo in the Mappe-
monde made for Henry II. of France (c. 1555, see Jomard's

Facsimiles, livr". vi., copied in fig. 2 szipra ; and compare

Portolano of 1570, copied in Mr Birch's translation of

Albuquerque's Commenlaries). Possibly, therefore, the

Moorish traveller had substituted true names of islands

which he remembered for the names of atolls which he

had forgotten.

The Maldives are inhabited by a people of old civiliza-

tion, professing Islam, and ruled by a sultan of ancient

lineage. What the number of islands may be we cannot

say. They are popularly estimated -at 12,000, as appears

by the ancient style of the sultan as "king of 12,000

islands and 13 atolls." (See also i)/a?ro Pofo, 2d ed,, 1876,

ii. 417-19.) Those marked with names in the British

survey amount to 602, and the inhabited islands to 178.

The men are of a darkish copper colour, short stature

(5 feet 2 inches), and poor physique, but oval contour of

face, pleasing expression, and large bright eyes, suggesting

resemblance to both the Singhalese and Malabar people.

Tho women are fairer than the men, with regular features

and clean healthy aspect. A few of the people bear signs

of African mixture, easily accounted for; and probably

the blood of tho small communities has been tinged by the

occasional settlement of other foreigners. The people are

decidedly unwarlike ; and there is hardly any crime of

violence among them. They are said to be lax in morals

and conversation ; but otherwise their character and disposi-

tion have favourably impressed visitors. Though suspicious

of strangers, they are hospitable ; and among themselves

they are kindly, aud affectionate to their kindred and in

attendance on the sick. They are very cleanly in person

' Tlie frequent termination du represents the Singh, duva, diva,

and Sansk. dvipa, "island." Bell takes marltUu forSansk. mandala,

"region." Qu. ;KoM-a(ci?i(, "great atoll"?
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and domestic habits. The population Las been guessed in

some books at 200,000; almost certainly one-tenth of that

number would be an ample estimate. Moresby states the

population of 98 islands, and the aggregate is 11,310. In

tho same proportion 178 islands would give 20,543; but

the aggregate quoted includes the King's Island, which is

much above the average in population.

The language is undoubtedly a dialect of Singhalese

approaching the old Elu, but indicating a separation of

ancient date, and it is more or less Slohammedanized.

Nothing at present can be said of grammar. But Mr
Albert Gray has drawn out in parallel columns the Maldivian

words given by Pyrard with the modern Singhalese equi-

valents (see Jour. Roy. As. Soc, quoted at end). A cursory

analysis of the list (wliich contains 275 words) gives the

following result :

—

1. "Words evidently to be explained by Singhalese 58'0 per cent.

2. ,, less evidently ,, „ 2'2 ,,

3. Persian snd Aiabic. 106 „
4. Malay 19 „
5. Tamil I'l „
6. Portuguese 1"1 „
7. Sanskrit or Pali, not Singhalese 0'8 „
8. Undetermined SiS ,,

Combining 1, 2, and 7, we have 61 per cent, of words

of Singhalese or Sanskrit origin. And an analysis by Mr
Bell of one of the sultan's letters to the Ceylon Govern-

ment gives 65 per cent, of such words.

The origin of the name Afal-dtva or Mdldiva is ob-scure.

Diva is a familiar word in the Indian prali-its (Sansk.,

diipa ; Pali, dtpo) for an island. By a form of this word
the people fornnerly designated themselves and their

country, and this survives in letters of last century from

the sultan to the Ceylon Government, in which he designates

his kingdom as Divthi Rojje, and his subjects as Diveki

mihun, " island people." 'There is a very old example of

this use in Ammianus Marcellinus, who, in reference to the

alleged excitement in the East at the accession of Julian,

8a3"3 that missions were prepared " ah usque Divis et

Serendivis," from the people of the D'tvas and of Sercnd'wa

or Ceylon. And this is the name Diva or Dlha-jcit (Pers.

plural form) by which these islands are described by the

early Arabian geographers. The first literary use of the

whole name is Ibn Batuta's DMbat-al-Mahal (14th century),

an Arabized form, sometimes used (Mahcd-d'ti) by the

people now, though the proper form seems to be Male.

Male-diva may possibly, as Bishop Caldwell (corap.

Grammar, 2d ed., Introd. p. 28) and others have siiggestedj

have meant the " islands of Mal^" or Malabar. On the

other hand Mcild (Sansk.), "a chaplet" or "row," is not

an impossible etymology considering how naturally the

word " chaplet " occurs in the endeSvour to describe an
atolL But these are conjectures. Under the sultan (who
styles himself on coinage "Lord of Land and Sea") there

used to be six recognized viziers or councillors (but this

system is now obsolete), besides a chief of law and religion

called fandiari. Over each of the thirteen atolls is a
king's agent, called atoln-veri, who collects the revenue.

This official is often one of the royal family, or a vizier's

son, and often resides at Mali5, employing a deputy. On
each island is a headman called rarhu-veri. There is also

on each island containing forty inhabitants a Miibu (At.,

kulib, "scribe"), who acts as judge and minister, celelsrat-

ing marriages, &c. Pyrard calls him the cure.

Some of the oldest accounts of these islands represent
them as always governed by a woman,—a notion which
probably arose among the Mohammedan visitors from
finding that female heirs were not precluded from succes-

sion. Just the same notion was held about Achin in the
17th century, because there chanced to reign there several

femile suvereisfis in succession (sse vol. i. p. 07), AVe

ISLANDS
do find females nominally reigning on the JIaldivcs on tvvo

of the rare occasions when we have glimpses of their state,

viz., in the time of Ibn Batuta, and agaiu iu the last

century.

Islam is universally professed by the people, uor is there

tradition of any other religion, though there are a variety of

Pagan superstitions and some diJubtful traces of Buddhism.
Thus the Boirce (or pippal), so sacred among the Buddhists

of Ceylon, is still cherished near mosques. Pyrard de la

Val was informed that the conversion to Islam took place

two centuries at most before his time, i.e., about 1400.

But, unless there was a decay and revival, wc know this to

be wrong, as the islanders were Mohammedan in the timo

of Ibn Batuta (1343). And this traveller tells that the

father of one of his wives in the islands had for his

grandfather (though the word used may mean " ancestor
"

only) the Sultan Diud, who was grandson of Ahmed
ShaniVnaa, the first king who adopted Islam. Accepting

the meaning of " grandfather," this would carry the con-

version back to about 1200, a probable epoch, for about

that time there was a considerable outburst of missionary

zeal in Islam, which led to the conversion of the coast

states of Sumatra, <!:c. Ibn Batuta records an inscription

on the Jami Mosque of the King's Islan4 which ran :

—

"Sultan Ahmed ShanA-razah embraced Islam at the hands

of Abu'l Barakat the Berber from the West"; but no date

is given.

We have mentioned the occurrence of the namejDiiii in Ammianus.
At an earlier date Ptolemy notices the numerous islands lying in

front of Taprobane, alleged to number 1378. It is possible also

tliat the Mnnw!as of the same geographer may constitute a duplicate

indication of the Maldives. For in the gossip of Palladius about

India (see C. iluUei's Pscudo-Caliisthoics, p. 102) this name Maniola
is applied to a group of islands, 1000 in number, that lay near

Taprob.ane, and respecting which the old fable of the magnetic rock

was current, which Ptolemy also connects with the Maniols.

Cosmas (c. 545) shows distinct knowledge of the Maldives (with-

out naming them) as numerous close-set small islands round
Sielediba or Taprobane, in all of which were found cocoa-nuts and
fresh water. Passing next to the Arabian notices translated by
Rcnaudot and Reinaud, which date from S51, and to tlie work
of Mas'fidi in the next century, we find tolerably correct accounts

of the D'lbas, said to be 1900 in number. Al Biruni's account (c.

1030) of the islands is marked by his usual perspicacity and accuracy.

The DUas are islets wliich form themselves in the sea, appearing

like a ridge of sand, extending and uniting till they present a solid

aspect. But also with time some decompose and melt away in the

sea, whilst the inhabitants transfer their cocoa-trees and possessions

to an island which is waxing instead of waning,—circumstances
corroborated by modern observation. .

AH the old authors speak of coir (the fibre of the cocoa-nut husk)

as one of the staple products of these islands, and the importance

of this article for marine equipment led the Portuguese about 1513

to establish a factory on the Maldives. Joao Gomez, the head of

the settlement, iraa at first well leceived, but his arrogant and
violent conduct gave great offence to the Mohammedan traders from

Cambay, who brought an armed Hotilla against tlie Portuguese

and put them all to death. The Portuguese several times renewed

the attempt to establish themselves on the islands, and maintained

a garrison for some time, but these endeavours had no permanent

result. The islanders were also frequently subject to raids a^ the

hands of the Jlopla pirates of Malabar, and sometimes also, it would

seem, to maltreatment from the crews of Eurojiean vessels. The
MS. diary of Mr (afterwards Sir AVilliam) Hedges, who passed

through the Maldives in 1685, says: " Wc pnttout a piece of a Red

Ancient to appear like a Moor's Ycssell : not judging it safe to be

known to be English ; Our Nation hai-ing lately gott an ill Name by

abusing ye Inhabitants." Suoli circumstances probably led the

islanders to place themselves in relation with the rulers of Ceylon
;

and in 1645 occurs the first record of the embassy from the sultau

of the Maldives to the Dutch governor at Colombo, wliich haa

continued to the present day, under Dutch and English, to arrive

annually, bringing some poor offering, as a vague token of homage

and claim of protection. The last political troulile of which we
have notice occurred in the middle of last century. In 1753 tb»

chief minister consjiired to hand over the islands to the Ali raja

of Cannanore. A Mopla force occupied Male, and carried off the

sulton. Tlip traitor liimself was rewarded by bi-irg thrown intt

the sea. The oppression of these foreigners made the islanders rise

and e.xpd them. The sultau never icturued, and a minister wU«
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tad ruled on liis belialf assameJ tlio kingdom in 1700. In 1754

Dupleix occupied liaie with a small Krench detacUment. which

tEDiaincd several yeai-s. la 1811 the sultan wrote to the governor-

general (Lord Minto) to complain of the violent conduct of the

officers of a ship under British colours which had been wrecked

on the islands. Lord Minto sent back a courteous answer with

presents. There have been no other events during the British rule

m Ceylon, and the last sultan, Mohammed Moidin, reigned without

dispute from 1835 to 1882.

We have only three substantial accounts of the Maldives from

actual residence:—(1) that of the Moor Ibn Batuta, who lived upon

them more than a year (1343-44), and filled the office of caJi

;

it contains much curious detail ; (2) the narrative of Fran9oi3

Pyrard de la Val, a French adventurer on board a ship of St Male,

which was wrecked on a reef of the Malosmadulu atoll in 1602,

and who was detained five years on the islands,—a book of the

greatest interest and accuracy, and by far the best account of these

Islands in existence ; (3) a memoir by two officers of the Indian

navy, Lieut. Young and Mr Christopher, who had been employed

in the survey of the islands under Captain R. Moresby in 1834-35,

and who volunteered to remain behind at Mile, in order to acquire

a knowledge of the language, customs, &c., of the inhabitants,

—

s laudable effort, but the res-alt of it was marred somewhat by

the illness which prostrated both officers.

Tlio sultan's residence and the capital of the kingdom is

tliB island o£ Mal^, which lies near the middle of the

archipelago on the east side. It is about 1 mile long by

I
mile wide, and contains a population approaching 2000.

it has been at one time encompassed with walls and

bastions, but these continue in repair only on the north

and west. On the north too is an old fort, apparently of

Portuguese construction, with a few old guns. On the

north and west sides also advantage has been taken of the

encircling reef as the base of a wall which has been built

up so as to form the lagoon into a harbour for small craft,

liaving a depth of 6 to 12 feet, and a width of 150 yards.

The town is laid out in long regular streets at right angles,

ehaded with trees ; the houses are in " compounds," with

high fences excluding the street, and are surrounded with

fruit trees and flowers. The sultan's palace, a large upper-

Toomed house, occupies with its appurtenances an area of

J square mile, enclosed by a shallow ditch now choked

with vegetation. The houses generally are large cottages

of about 28 feet by 12, formed of substantial wooden frame,

with peaked roofs thatched with cocoa-leaves ; the walls are

matted with cocoa-loaves, but sometimes planked. There

are several mosques, and at least one minaret, about 40

feet high, for the call to prayer. Stone-built houses,

common in Pyrard's time, are so no longer; there is now
but one. There are marked distinctions of rank among
the people. At least six classes (we hardly know whether

to call them castes) are recognized, of whom the two

highest form a pure aristocracy. The sixth class, called

Kallo ("black" ?), consists of the common people generally,

of whom the toddy-drawers are regarded as the lowest.

The employments of the common people are fishing,

gathering cocoa-nuts and cowries, weaving, and toddy-draw-

ing. Women beat the cocoa-fibre and twist it into yarn,

make mats, prepare breadfruit by slicing and drying in the

sun, spin and dye cotton thread, make sweetmeats of cocoa-

nut and palm-sugar. Women are not secluded or veiled

as in typical Moslem countries.

Rice, the staple of food, is imported. Other chief food

is fish (chiefly dried bonito), breadfruit prepared in various

ways, cocoa-nut, and a few fruits and vsgetables. There

are a few sheep and cattle on M.Md island, which are oo-

CBsionally slaughtered.

From the earliest notices tiie production of coir, the

collection of cowries, and the weaving of excellent textures

on these islands have been noted. This last, and that of fine

mats are the only manufactures in which skill is shown.

The mats seem to be now produced only in Suadiva atoll;

the cloth chiefly, but not solely, in Malosmadulu atoll.

The chief exports of the islands, besides coir and cowries

(a decreasing trade), are cocoa-nuts, copra {i.e., cocoa-nut

husk), tortoise-shell, and dried bonito-fish. An enormous

amount of this last was formerly carried to Ceylon and

Sumatra, the latter being supplied by traders who cam«

from Chittagong. It has been known over the East from

time immemorial as koboli-mas, a corruption apparently of

the Maldivian kalA-bili-mds, " black bonito fish," sometimes

farther corrupted to gomidmutch.

Native vessels of 80 to 200 tons burthen make annual

trips to Calcutta towards the end of the south-west

monsoon, returning with the north-east monsoon ia

December. After leaving the Maldives they sight no land

till Jagannath. They carry thither the articles named
above, and bring back rice, cotton stufl's, and sundries.

These long voyages are not confined to the craft of the

capital. Moresby, in 1834-35, found that a small island

in the North Nilandu atoll sent annually to Bengal five or

six boats of 80 to 100 tons each. On the same island

there was a kind of navigation school, and the natives

made and repaired some kind of nautical instruments. The

old cash of the Maldives was the curious Mrtn or " fish-

hook money " made of a bent rod of silver. This has been

long replaced by coins of base metal bearing the stme

name. The Anglo-Indian rupee is current for larger

payments, and cowries are still used to some extent.

Two alphabets are known on the islands (besides the

Arabic, which appears on tombstones and in other inscrip-

tions). The first is an ancient alphabet, known as Divehi

Hakura, "island letters." This in 1835 still survived iu

the southern atolls, and orders for these were written in it.

It is written, like all the Indian alphabets, from left to

right, and is evidently (by comparison with plate xvii. in

Dr Burnell's Elements of South Indian Paleography) a

form (with additional letters) of the old Tamil character

(700 to 1300 A. D.) called in Malabar Valjditttu, or"<-ound

hand." ' The modem Maldive writing, called Galali

Tana, is usually " written from right to left, like Arabia

It is said to have been introduced in the 16th century,

and has gone through several variations. Some of the

letters are modified from the Arabic character, and nine

of them are the Arabic numeral digits. On the other

band numerals are represented by letters of the alphabet

The former system of reckoning was duodecimal, but thi«

is dying out.

Nothing is accurately knowR of the flora of the islands,

and Kew possesses no illustration of it. Among larger

trees are mentioned the banyan, pippal, breadfruit,

tamarind, and a large tree called kandu, affording a very

light wood used for rafts, floats, ic. ; also species of

pandanus. The castor-oil tree is abundant, though not

used. The cocoa-nut of the'islands, though of fine quality,

is very small, not much larger than an orange. The tree

itself furnishes the only indigenous wood used for boat-

building. The dumbari {Calophyllum inophyllum) and

kuradi (Pemphis acidula) are used in minor wood-work.

A tuber, grated and steeped in water to remove its acridity,

is made into flour,—perhaps a Colocasia, which Ibn Batuta

mentions [al-kalakas) as used to make a kind of vermicelli.

They have also sweet potatoes, pine-apples, pomegranates

(bearing fruit throughout the year), plantains, and most of

the other tropical or subtropical Indian fruits, chillies, a

few areca trees, ic. The double cocoa-nut of the Seychelles

Islands (fruit of Lodoicea Sechellarum) used to be cast up

on fhe islands, and was believed to be a submarine pro-

> Tlio resemblance to this is much closer than to the old Singhalese

with which it is compared in Mr Albert Gray's valuable paper already

refen-ed to. ,

» "Usually"; but a Maldivian skipper who gave Jnmes Priiisei

information wrote it from left to right (see Jow. A). Soc, Bengal, *

794).
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ductioD,—lience called tlie sea cocoa-nut. It was valued

for imaginary qualities, and exported to India. The

Portuguese long believed it to be a product of these islands,

and called it the Maldivc cocoa-nut.

Animals are few. Those named are rats, numerous and

destructive, which climb the cocoa-trees and devour tlie

kernels; the large bat called in India "flying-fox," also

said to destroy many small cocoa-nuts ; tortoises ; a small

snako said to be harmless, &c. Domestic animals are rare
;

a few go.its and cattle are reared on "MaM.

The climate is not oppressive or disagreeable, but is

very unliealthy for strangers, whether Asiatic or European.

Ibn Batuta says every visitor was attacked by violent fever

;

Pyrard says the same; and tbis was substantially the

experience of the survey officers and crews in 1834-35.

The native crews also suffered muclifrom tlie disease called

heri-heri (which has dropsical symptoms, and is often fatal)

and from violent boweUcomplaints.

A comjilete report on the Maldives Ims recently hcen prepared by

Mr H. C. 1\ Bell of the Ceylon civil service, who has visited

the islands, and this is now being printed nt Colombo. Mr
Bell" kindly enabled the present writer to see a copy before this

article went to press, and many v.iluable facts have been added from

it. Other materials used have been—Darwin, The Siruciure and
Distribution of Coral Jiccfs, 1842 ; Voyagc-de Frani;ois Pyrard dc la

;

J'al, Paris, 1G79 (preAious editions 1611, 1615-16, 1619) ; Voyages

d'Ibn Batoutah, trans, of Defremery and Songuinetti, torn, iv., Paris,'

1858 ; Hamilton, Dcsc. of Uindostan, ii. 299; Moresby, Naut.>^

Directionsfor tlLc'Udldiva Islands, kc, 1840; Young and Chris-

topher, iu Trans. Bomb. Geog. Soc., vol. i. pp. 54-86 ; also see ibid.

p. 102 and p. 313; 2'rans. Hoy. Geog. Soc., vol. ii. pp. 72-93; also

vol. V. p. 398; Jour. As. Soc. Bengal, vol. v. p. 794 ; Jour. Boy.

As. Soc, vol. vi. pp. 42-76 ; ibid., new series, vol -x. pp. 173-209

(paper by Mr Albert Gray), &c. (H. Y.)

MALDON", a municipal and parliamentary borough and

seaport town of Esses, England, is situated on an acclivity

rising from the south side of the Blackwater, 44 miles

east-north-east of London and IG south-west from Col-

chester. It consists principally of one main street with

several cross streets at right angles. The church of All

Saints, dating from 1056, is a spacious edifice consisting

of chancel, nave, and aisles, with a triangular tower at the

west end surmounted by an hexagonal spire. The church

was restored in 1867, and new windows were added in

1877. St Mary's Church is also of very early origin, and

was restored in the 17th century. The other public

buildings are the grammar school, founded in 1547 ; the

town-hall, formerly D'Arcy's tower, built in the reign of

Penry.VI. ; and the public-hall, 1859. There are manu-

factures 1 of , crystallized salt, as well as breweries, iron

foundries," and some shipping. The population of the

piunicipal borough (3508 acres) in 1871 was 5586, and in

1881 it was 5476- That of the parliamentary borough

(5177 acres) in the same years was 7151 and 7128.

Maldon, which is a veiy ancient town, is supposed to have

received its name, meaning "cross hill," from a cross at one time

erected on the eminence. From remains found in the neighbour-

hood there is no doubt that the place was of some importance in the

time of the Romans, but the supposition that it was CarmJodur.um

is not sufficiently established. On the western side of the town

there are also traces of a large camp, but whether the work is of

Koman, Saxon, or Danish origin it is impossible to say. The oldest

historical mention of the town is in 913, when Edward the Elder

encamped near it to impede the progress of the Danes. The town
received its first charter from Henry II., and in 1553 it was incor-

porated by Queen Mary. From the time of Edward III. it returned

two members to parliament, but since 1867 only one member.

MALEBRANCHE, Nicolas (1638-1715), a well-known

disciple of Descartes, was the youngest child of Nicolas

Malebranche, secretary to Louis XIIL, and Catherine de

Lauzon, sister of a viceroy of Canada, and was born at Paris

on August 6, 1638. Of an extremely feeble constitution

and somewhat deformed habit of body, he received his

elementary education in. Latin and Greek from a domestic

tutor, and only left home when sufficiently advanced to

enter upon a course of philosophy nt the C'uUige do la

JIarche, and subsequently to study theology at the

Sorbonno. He had resolved. to enter the church, but his

retiring and studious disposition led him to decliue a

stall in Notre Dame, and in 1660 he joined the Congrega-

tion of the Oratory. , Both his ecclesiastical superiors and

himself appear to have experienced considerable difficulty

for some time in ascertaining what his special talents were,

if they existed at all. He was first advised by Pere

Lecomte to devote himself to ecclesiastical history, aud he

accordingly set about a laborious perusal of the works of

Eusebius, Socrates, Sozomen, and Theodoret, but it was

found that " the facts refused to arrange themselves in his

mind, and mutually effaced one another." Afterwards

Piichard Simon undertook to teach him Hebrew and

Biblical criticism, but' with no better success. At last

having accidentally, in 1C64, fallen upon one of the works

of Descartes (the Traite de I'Homme), Malebranche was

forthwith alive to his true vocation. So overpowered was

he by the novelty ar.d luminousness of the ideas, and by

the solidity and coherence of the principles of his author,

that (it is said) he was repeatedly compelled by violent

palpitjitious of the heart to lay aside his reading.

Malebranche was from that hour consecrated to philosophy,

and especially to that of Descartes ; and after ten years'

study of the works of his master he produced, in 1674,

the famous Recherclie de la Verife, which was followed at

intervals by other works, both speculative and controversial,

the titles of which are given below. Like most of the great

metaphysicians of the 17th century, Malebranche interested

himself also in qmsstions of mathematics and natural philo-

Eophy, and in 1699 he was admitted an honorary member

ef the Academy of Sciences. During his later years his

society was much courted, and he received many visits

from foreigners of distinction. His death took place on

October 13, 1715 ; according to Stock, the biographer of

Berkeley, it was hastened by an excited metaphysical

argument into which he had been drawn in the course of

an interview sought by that philosopher. For a critical

account of Malebranche's- place in the history of philo-

sophy, see Caetesianism (vol v. p. 143 sq.).

The following is a list of his principal works -.—De la Recherche

dc la Verite, ou Von tratte de la nature dc I'esprit dc I'homme, et dc

V usage qu il en doitfairc pour iviler Vcrrcur dans Us sciences (1674,

6th ed. 1712 ; Latin translation by J. Lenfant at Geneva in 16S5 ;

two English translations, the second by Taylor in 1712; transla-

tions also into German, Dutch, and modern Greek) ; Convcrsadmis

Ckrilicmrcs, dans Icsquclles onjustijic la Veriti de la Religion el de

la Morale de Jesus Clirist (1676, and frequently) ; Traill dc la

Nature ct de la Grace, 1680; Meditations Chriticnnes ct Milaphy-

siques, 1683; Traili de la Morale, 1684 ; several polemical works

against Arnauld from 1684 to 1688 ; Entreticns sur la Mclapliysiqw

ct la Religion, 1683 ; Traiti dc VAmour de Dicu, 1697 ; Entrctien

dun Philosophc Chretien et d'un Builosophc Chinois sur rcxisle7ice

el la nature de Dicu, 1708 ; Reflexions sur la Frimotion Rhysiqnc,

1715. A convenient edition of the CEuvrcs choisies de Malebranche,

iu two volumes, with an introduction, was published by Jules Simon

in 1846.

MALER KOTLA, a native scate in the Punjab, India,

situated between 30° 24' and 30° 41' N. lat., and between

75° 42' and 75° 59' 15" E. long., with an estimated area

of 165 square miles, and an estimated population of

91,560. 'The chief products are cotton, sugar, opium,

aniseed, tobacco, garlic, and grain. The gross revenue is

£25,893. The nawdb exercises complete jurisdiction, and

receives a compensation of £250 per annum in perpetuity

from the British Government, on account of loss of revenue

caused by the abolition of customs duties. MAler Kotla

town is situated 30 miles south of Ludhiana.

The nawab or chief is of Afghan descent ; his family originally

ramc from Cabul, and occupied positions of trust in Sirhind under

the Mughal emperors. They gradually became independent as the

Mughal empire sank into decay in the course of the 18th ccntiv
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In Gcnornl Lake's campaign ngninst IToIkar in 1805 the nnwdb of

Malcr Kotla sided with the British. After the suhjugation and flight

of ]Iolkar, the English Government succeeded to the power of

the Jlahrattas in the districts between the Sutlej and the Jumna
;

and in 1809 its protection was formally extended to Maler Kotla,

as to tlie otlier cis-Sutlej states against the formidable encroachments

of Kanjit Sinh. In the campaigns of 1806, 1807, and 1808 Kanjit

Sinh had made considerable conque-ts across the Sutlej ; in 1808

he marched on Maler Kotla, and demanded a ransom of £10,000

from the nawab. This led to the interference of the British, who
addressed an ultimatum to Kanjit Sinh, declaring the cis-Sutlej

states to be under British protection. Finally the raja of Lahore

submitted, and the nawab was reinstated in February 1809.

MALESHERBES, Chretien Gdillaume deLamoignon
DE (1721-1794), minister and afterwards counsel for tbe

defe'iCO of Louis XVI., camo of a famous legal family,

and was born at Paris on December 6, 1721. Hs too

was destined for tbe legal profession, mucU to the surprise

of Marcel, the famous dancing mastei', who declared

that his pupil would never be abl« to dance well enough

to be a soldier or a lawyer, and must therefore be a

priest The young lawyer soon proved his intellectual

capacity, when he was appointed president of the cour des

aides in the parlement of Paris in 1750 on the promotion

of his father to ba chancellor. One of the chancellor's

duties was to control the press, and this duty was entrusted

to Malesherbes by his father during his eighteen years of

office, and brought him into connexion with the public far

more than his judicial functions. To carry it cut efficiently

ie kept in communication with the literary leaders of Paris,

and especially with Diderot, and Grimm even goes so far

as to say that " without the assistance of Malesherbes the

Encyclopedie would probably never have been published."

Though he met with abuse from all sides, there can be no

doubt that it was the eminently judicious manner in which

he carried out his objectionable duties which laid the

foundation of his subsequent popularity. In 1771 he was

called upon to mix in politics ; the parlcments of France

had been dissolved, and a new method of administering

justice devised by Maupeou, which was in itself commend-
able as tending to the better and quicker administration of

justice, but pernicious as exhibiting a tendency to over-

centralization, and as abolishing the hereditary " nobility of

the ro>e," which, with all its faults, had from its nature

preserved some independence, and been a check on tlie

royal power. Malesherbes presented a strong remonstrance

against the new system, and was at once banished to his

country seat at St Lucie, to be recalled, however, with the

old parlement on the accession of Louis XVI., and to be

made minister of the maison du roi in 1775. He only held

office nine months, during which, however, he directed his

attention to the police of the kingdom, which came under

his department, and did much to check the odious practice

of issuing lettrea de cachet. On retiring from the ministry

with Turgot in 1776, he betook himself entirely to a happy
country and domestic life. lie had always been an
enthusiastic botanist ; his avenue at St Lucie was world

famous ; he had written against 13uffon on behalf of the

botanists whom Buffon had attacked, and had been elected

a member of the Acaddmio dos Sciences as far back as 1750.
He was now elected a member of the AcadiSmio Franijaise,

and everything seemed to promise a quiet and peaceful old

ago spent in the bosom of his family and occupied with
scientific and literary pursuits, when the king in Lis

difficulties wished for the support of his name, and
summoned hir;i back to the ministry in 17S7. Again he
held office but a short time, but returned to his country
iifo this time with a feeling of insecurity and disquiet, and,

as the troubles increased, retired to Switzerland. Never-
theless, in December 1792, in spito of the fair excuse his

old age and lorfg rCitircnient would have given him, ho
voluntari!;: left his nsylum and undertook with Trou chet uud

Deseze the defence of the king oefore the convention, and L

was his painful task to break the news of his condemnatioi

to the king. After this effort he returned once more to tho

country, but in December 1793 he was airested with his

daughter, his son-in-law M. de Rosambo, and his grand-

children, and on April 23, 1794, he was guillotined, after

having seen all whom he loved in the world executed

before his eyes for their relationship to him. Malesherbes

is one of the sweetest characters of the 18th century;

though no man of action, hardly a man of the world, by

his charity and unfeigned goodness he became one of

the roost popular men in France, and it was an act of

truest self-devotion in him to sacrifice himself for a king

who had done little or nothing for him. With reason does

his statue stand in the hall of justice at Paris, for he is the

greatest representative of that noble independence which

should prevent any thought of self when a counsel is

pleading hia client's cause, however perilous such advocacy

might be.

There are In pruit uoveral scientific works of JIalesherbes of vaiy-

ing value, of which tho most interesting is his Obscnations suT

Buffon ct Dauhenlon, written when he was very young, and pub-

lished with a notice by Abeille in 1798. There exist also his

Mimoire pour Lmds XFL, his Jllimoire mr la libcrli de laprcssc,

published 1809, and extracts from his remonstrances, published as

CEuvrcs choisies rfc Malesherbes in 1 809. For his life should be read

the Kotice historique of Dubois, the tloge historique of Gaillard,

and the interesting Essai, in 2 vols., 1818, of Eoissy d'Anglas.

There are also many iloges on him in print, of which the best-

known is that of JI. Dupin, which is interestingly reviewed with

much light on Malesherbes's control of the press by Saiate-Beuve in

the second volume of the Caitserics du Lundi.

MALHERBE, Francois de (1555-1628), poet, critic,

and translator, was born at Caeu in 1555. His family was

of some position, though it seems not to have been able to

establish to the satisfaction of heralds the claims which it

made to nobility older than the 1 6th century. The poet

was the eldest son of another Francois de Malherbe,

corseillcr dii roi in the magistracy of Caen. He himself

was elaborately educated at Caen, at Paris, at Heidelberg,

and at Basel At the age of twenty-one he entered the

household of Henri d'Angouleme, grand prior of France,

the natural son of Henry IL He served this prince as

secretary in Provence, and married there in 1581. It

seems that he wrote verses at this period, but, to judge

from a quotation of Tallemant des Rdaux, they must have

been very bad ones. His patron died when JIalherbe was

on a visit in his native province, and for a time he had no

particular employment, though by some servile verses he

obtained a considerable gift of money from Henry III,

whom he afterwards libelled. He lived partly in Provence

and partly in Normandy for many years after this event

;

but very little is known of his life during this period. It

was in the year parting the two centuries (1600) that he

presented to Marie de' Medici the first of his remarkable

poems. But four or five years more passed before his

fortune, which had hitherto been indifferent, turned. He
was presented by his countryman, the cardinal Du Perron,

to Henry IV.; and, though that economical prince did not

at first show any great eagerness to entertain the poet, he

was at last summoned to court and endowed after one

fashion or another. His father died in 1606, and he came

into his inheritance. From this time forward he lived af

court, corresponding affectionately with his wife, but seeing

her only twice in some twenty years. His old age was

saddeneid by a great misfortune. His son, Marc Antoine, a

young man of promise, perished iu one of the frivolous but

I

desperate duels which, common at all periods of French

history, were never more frivolous or more desperate than

in the 16th and the early 17th centuries. Marc Antoine

do Malherbe fell in 1626. His father used hia utmost

influence to have the guilty parties (for more tlian one were
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concerned, and there are grounds for thiuKing that it was not

a fair duel) brought to justice. But he died before the suit

n-is decided (it is said in consequence of disease caught at

the camp of La Rochelle, whither he had gone to petition

the king), at Paris, on tlie ICth of October 1C28, at the

age of seventy-three.

The personal character of llalherhe was far from amiable.

He was an obstinate solicitor of favours from the great, n

morose and bearish companion to his equals, a loose liver

at a time of life when loose living is especially unbecoming

if not especially blameable, a jealous and unfair critic

;

but he exercised a great and enduring effect upon French

literature, though by no means a wholly beneficial one.

The lines of Boileau beginning Enfiii Malherbe vivt are

.rendered only partially applicable by the extraordinary

ignorance of older French poetry which distinguished that

peremptory critic. But the good as well as bad side of

Malherbe's theory and practice is excellently described by

\i\i contemporary and superior Regnier, who was animated

against him, not merely by reason of his own devotion to

itonsard, but because of a brutal act of discourtesy of

which Malherbe had been guilty towards. Eegnier's unclo

Desportes. These are the lines :

—

" Cependant leur savoir ne s'ttend nullemenl
Qu a regrattcr ua mot douteiise au jugement,
Prendre garde qu'un qui ne heurte unc diphthongne,

jfipier si de3 vers la rime est brive ou longue-

Ou bien si la voyelle i. I'autre s'nnissant

Ne"rend point h. I'oreille un vei-s trap languissant

C'est proser de la rime et rimer de la prose."

This is perfectly true, and from the time of llalherbe

dates that great and deplorable falling off of French poetry

in its more poetic qualities, which was not made good till

1830. Nevertheless the critical and restraining tendency

of Malherbe was not ill in place after the luxuriant

importation and innovation of the Fleiade ; and if he had

confined himself to preaching greater technical perfection,

instead of superciliously striking his pen through the

great works of his predecessors, be would have deserved

wholly well As it was his reforms helped to elaborate

the kind of verse necessary for the classical tra^efly, and
that -is the most that can be said for him. His own
poetical work is scanty in amount, and for the most part

frigid and devoid of inspiration. The beautiful ^ Consola-

tion (I Du Perrier, in which occurs the famous line—

Et, rose, elle a victtce-nue vivent les roses

—

the odes to^Marie de' Medici and to Louis XIII., and
a few other pieces comprise all that is really worth

remembering of him. His prose work is much more
abundant, not less remarkable for care as to style and

expression, and ol greater positive value. It consists of

some translations of Livy and Seneca, and of a very large

number of interesting and admirably written letters, many
of which are addressed to Peiresc, the man of science of

whom Gassendi has left a delightful Latin life. It contains

also a most curious commentary on Desportes, in which
Malherbe's minute and carping style of verbal criticism is

displayed on the great scale.

T!;o chiefawthorities for the bioerapby of Malherbe are the Vie
(f« Malherbe of his friend and pupil Racan, and the long Eistoriette

which Tallemant des Reaux has devoted to him. The standard
edition is the admirable one of M. Ludovic Lalanne, 5 vols.,

Paris, 1862-69. Of the poems only, there is an excellent and
handsome 'Htle issue iu the Kouvclle CoUcdion Jannet. Paris,

18/4. - Iq: SA.)

MALINES. 'See Mechlin.
MALLANWAN, a town in Hardoi district, Oudh, India,

situated on the Hardoi and TJnas road, in 27° 2' 10" N.
lat. and 80° 11' 30" E. long., with a population in 1869
of 11.670. Under native rule the town possessed

lec/flsideraUe political importance, and upon the British

annexation of Oudh it was selected as the civil head-
quarters of the district, but was abandoned in favour of

Hardoi town on the reoccupation of the province after the

mutiny. The town has now but little trade, and a deserted

indigo factory occupies the site of the old fort Saltpetre

and brass utensils are manufactured.

MALLEMUCK, from the German rendering of the

Dutch Mallcniugge (which originally meant sraull flies or

midges that madly whirl round a light), a name given by
the early Dutch Arctic voyagers to the Fulmar (vol. ix.

p. 817'), of which the English form is nowada)-s most
commonly applied by our sailors to the smaller Albatroses,

of about the size of a Goose, met with in the Southern

Ocean—corrupted into " Molly Mawk," or otherwise

modified. There is some difference of opinion as to the

number of species of small Albatroses, and it is unfortunate

that the results of the voyage of the " Challenger " do not

clear up the doubts that have been expressed. Three

species have been described and figured, the Diomedfa
mdanopUrys and Z>. chlororltynclius for a long while, while

the third, D. cii7mina*a, was discriminated by Gould {Froc.

Zool. Society, 1843, p. 107), who has stated that the dif-

ference between it and the second is so apparent that bs

had no difficulty in distinguishing them on the wing.

Captain Hutton, on the other band {Ibis, 1665, p. 283),

considers all three to be specifically identical Others, as

appears by the Beport on the Birds of the " Challenger
"

vo3'age (pp. 148, 149), while regarding D. melanophrys ai

distinct, would seem to unite D. cidminata with D.
cldororhynchiis. The first of these birds, says Gould, is the

commonest species of Albatros inhabiting the Southern

Ocean, and its gregarious habits and familiar disposition

make it well known to every voyager to or from Australia,

for it is equally common in the Atlantic as well as the

Pacific. The back, wings, and tail are of a blackish-grey,

but all the rest of the plumage is white, except a dusky

superciliary streak, whence its name of Black-browed

Albatros, as also its scientific epithet, are taken. The bill

of the adult is of an ochreous-yellow, while that of the

young is dark. This species (supposing it to be one) is

said to breed on the Falkland Islands and on Tristan

da Cunha, but the latter locality seems questionable, for,

according to Carmichael {Trans. Linn. Soc, xii. p. 490),

D. cUoTorhynchiis is the bird of this group there found

;

while Professor Moseley {Notes nfa Natvralisf, p. 130) calls

it D. culminata.- Whatever it may be, the excellent

observer just named describes it as making a cylindrical

nest of grass, sedge, and clay, with a shallow basin atop

and an overhanging rim—the whole being about 14 inches

in diameter and 10 in height. The bird lays a single white

egK, which is held in a sort of pouch formed by the skin

of the abdomen, while she is incubating. A few other

details are given by him, but his visit was too hurried to

enable hitn to ascertain the more important and interesting

points in the economy of this Albatros which were neglected

by his predecessor, Carmichael, during his four months'

sojourn in 1816-17. D. culminata is said by Gould to be

more plentiful in the Australian seas than elsewhere,

numbers coming under his notice between Launcestonand

- It was there erroneously stated that Mallemuck was a Dutch word,

which it is not ; and the correct German form, as given by Friderich

Martens {Spilzbergische oder Groenlandische Hdse Beschrtibung,

Hamburs;, 1675, 4to, p. 68), is Mallemucke. The anoajmous transla-

tion of this voyage, under the title oi An Account of teveral lale

Voyages and Discoveries to the South and Xorth, published in London

in 1694 (p. 93), was probably the means of the name becoming known

to Ray, in whose iSynopsis melhodica Avium, published in 1713, it

appears (p. 130) as Mallemuck, and thereafter kept its place in English

ornithological works.
' Mr Sclater with commendable caution assigns no specific name to

the eggs of the Diomedea found breeding on this island and it«

neighbour {Report, <tc., ut supra, p. 151).
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^^doLiide, and being also frequently obseiTsd by ulm

ieu-een Sydney and the northern extremity of New
Zealand, as well as in the same latitude of the Indian

Ocean. He describes its bill as having the greyish-yellow
^

ridge broad and fiat, while that of I), chlororhynchus is

laterally compressed and the ridge round. All these birds

seem to have much the same habits. (a. n.)

MALLET, Paul Henei (1730-1807), bom in Geneva

in 1730, and educated there, became tutor in the family

of the count of Calenberg in Saxony. In 1752 he was

appointed professor of belles lettrea to the academy Bt

Copenhagen, but as the French language was then little

known in Denmark he had but few students. He was

naturally attracted to the study of the ancient literature

and history of his adopted country, and in 1755 he

published the first fruits of his researches, under the title

\—Inlroductio)t it Vhistoire de Danemarck oic I'on traile

de la religion, des mceurs, des lois, et des tisiiffes des anciens

Danois. A sscond part was issued in 175G, more parti-

cularly relating to the ancient literature of the country,

and bearing the title

—

Monuments de la mythologie et de

la poesie des Celtes, et pariiculih'e)iient des anciens Scandi-

naves. In the same year a translation of the work
appeared in Danish. Tliis is the work by which the author

is best known in Britain. Though intended only as a

preliminary dissertation to the formal history of Denmark,
by which it was followed, it has all the merits of au
independent work, complete in itself, and presenting a
general view of the civilization and culture, religion and
customs, of the Scandinavian cations. A translation into

English, with notes and preface, by Eisiiq) Percy, was
issued in 1770 under the title of Ncrlhern Antiquities

(republished with additions in 1847). It had a wide
circulation, and attracted much attention on account of its

being the first (though a very defective) translation into

French of the EJda. Mallet's dissertations and notes are

vitiated by untenable theories as to the racial affinities of

the early inhabitants of Scandinavia; but, judged by the

standards of its time, his work was of great merit and
usefulness. Its publication attracted the notice of the

king to its author, and he was chosen as preceptor of the

prince of Denmark. In 1760 he returned to Geneva, and
became professor if history in his native city. While there

be was requested by the czarina to undertake the education
of the heir-apparent of Russia (afterwards the Czar Paul
I.), but declined the honour. An invitation more congenial
to his tastes led to his accompanying Lord Mountstuart in

his travels through Italy and thence to England, where he
'

was presented at court and commissioned to write the
'

history of the house of Brunswick. He had previously I

received a similar commission from the landgrave of Hesse- I

Cassel for the preparation of a history of the house of

'

Hesse, and both works were completed in 1785. The '

quietude of a literary life was rudely broken by the shock !

of the Revolution, to which he was openly hostile. His
leanings to the unpopular side were so obnoxious to his
fellow-citizens that ho was obliged to quit his native
pountry la 1792, and remained in exile till 1801. He

'

died at Geneva, &th February 1807.
j

A memoir of liis life and writings by Simondo SisnionJi was
(.ublisiied at Geneva in 1807. Beside:* tlio Introduction to the. UU-
lory of Dnimarl:, hh principal works arc—IlUtoivc dc Danemarck
S vols., r-)i«r.!;-us?n, 17t;8-77 ; Uistoire de la maison de IIcs<c',

4 vols.. 1/67-85; Ilisloirc de la maison de Ernnsieick, 4 vols.,
176(-8d ; Jltstoirc dc la maison ct des aats t'c 'Secklenboiirg, 179C ;//wioi-c des Suisics on Uelvaicm, 4 vols., Geneva, 1S03: MiUoirc
ttc la Liguc Ilansiatiquc, 1805.

MALLOW, botfinically MaJva, tSo .typical genus of
mlvacex, embracing about sixteen species of annual and
.
".rennial herbaceous plants, widely distributed throughout

the northern hemisphere. The mallows possrs: th^ rcr.iform

ono-celled anthers nhich diistiDguisTi the Mahacex from

all other dichlamydeous esogens. The petals also are

united by their base to the tube formed by the coalesced

filaments of the stamens. The special characters which

separata tlie'genus Malva from others most nearly allied to

it are the involucre, consisting of a row of three separate

bracts attached to the lower part of the true calyx, and the

numerous single-seeded carpels disposed in a circle around a

central axis, from which they become detached when ripe.

The flowers are mostly white or pinkish, never yellow,

the leaves radiate-veined, and more or less lobed or cut.

Three species are natives of Britain. The musk mallow

{Malva moscliata) is a perennial herb with five-partite,

deeply-cut leaves, and large rose-coloured flowers clustered

together at the ends of the branched stems, and is found

growing along hedges and borders of fields, blossoming in

July and August. It owes its nAino to a slight musky
odour diffused by the plant in warm dry weather when
it is kept in a confined situation. The round-leaved

mallow {Malva rotundifolia) is a creeping annual, growing

in waste sandy places, with roundish serrate leaves and
small pinkish-white flowers produced in the asils of the

leaves from June to September. It is common throughout

Europe and the north of Africa, extending to western

Asia. The common mallow {Malva sylvestris), the maxive

of the French, is an erect biennial plant with long-stalked

roundish-angular serrate leaves, and conspicuous axillary

reddish-purple flowers, blossoming from May to September.

Like most plants of the order it abounds in mucilage, and
hence forms a favourite domestic remedy for colds and
various other complaints afiecting the mucous membrine.
The aniline dye called mauve derived its name from its

resemblance to the colour of this plant..

The marsli mallow {Althxa officinalis), ,tlia guimauve of the

French, belongs to another genus having an involucre of numerous
bracts. It is a native of marshy ground near the sea or ia the

neighbourhood of .saline springs. It is an erect perennial herb, with
somewhat woody stems, velvety, ovate, acute, unequally serrate

leaves, and delicate pink showy flowers blooming from July to

September. The flowers are said to yield a good deal of honey to

bees. The root is used in medicine as a demulcent, on account of

its containing more mucilage than the common mallow. It is

supposed to form a chief ingredient ia the well-known p&te de
guitiiauvo lozenges. The marsh mallow is remarkable for con-
taining asjiaragin, C4H8Nj03,HjO, which, if the root be long
kept in a damp place, disappears, butyric acid being developed.

The root also contains about 25 per cent, of starch and the same
quantity of mucilage, which dilfers from that of gum arabic in

containing one molecule less of water and in being precipitated by
neutral acetate of lead. The marsh mallow ia far more largely

used on the Continent than in England,
The mallow of Scripture, Job xx.x. 4, has been sometimes identi-

fied with Jew's mallow {CorcJioriiS olitoyius), but more plausibly

(the word niPD implj-ing a saliuo plant) vrith A triplex Halimits, or

sea orache. In Syria the Balinms was still known by the name
Mallih in the time of Ibn Beitar. See Bochart, Jlicroz., iii. 16.

JIALLOW, a municipal and parliamentary borough,
market-town, and watering-piace in the county of Cork,
Ireland, is situated on the Blackwater, 150 miles south-

west from Dublin, and 20 north from Cork. The tov.-D

owes its prosperity to its beautiful situation in a fine valley

surrounded by mountains, and to its tepid mineral spring,

which is very efficacious for general debility and for

scorbutic and consumptive complamts. A spa-house with
pump-room and baths was erected ia 1828. Besides the
parish church in the Later English style, erected in 1818,
the principal buildings of the town are the court-house,
the work-house and infirmary, and the bridewell. There
are a manufactory of mineral water, a condensed-milk
manufactory, corn-mills, and tanneries. Mallow received a
charter of incorporation from James L The population of

the borough in 1871 was 4165, and in 1881 it was 4437.
MALMESBURY, a parliamentary borough ar.d market-

town of Wilts. En.'jland, is finely situated on bu eniincac*
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almost surrouudad by tlie Lower Avon, and on a branch of

•he Great Western Railway, 92 miles west of London. Of
the Benedictine Louse which was founded in the 7th

century,'* and in the reign of Edward IIL rose to the

dignity "of a mitred abbey, little more than the nave

and side aisles of the conventual church now remain;

this at the dissolution was changed into a parish church,

instead of the old church of St Paul's. There are a town-

hall, national and endowed schools, and several almshouses.

In the market-place there is a richly ornamented octagonal

:ross supposed to date from the reign of Henry VIIL The
industries include the manufacture of ribbons and pillow

lace, brewing, and tanning. The population of the town
in 1871 was 3142, and of the parliamentary borough
(which comprises an area of 21,772 acres, mostly rural)

6S79. In 1881 the numbers were 3133 and 6866.

Malmesbiiry is supposed to hiive been a British town, and also a
Roman settlement. A castle is known to have existed there as

early as the 7th century, at which time the monastery was also

founded. It received its first cliavtcr from Edward the Elder, which
was confirmed by Athclstan. The charter granted to it by Charles
I. has undergone various modifications, and at present it is governed
by a high steward, an alderman, and twelve capital burgesses. From
tlie reign of Edward I. the town sent two members to parliament

;

since the Kefonn Act of 1832 it has returned only one. During
the civil war it was twice captured by the parliamentarians and
once by the roj-alists. Malmesbury is the birthplace of the philo-
soplier Hobbes. Athelstan was buried at Malmesbury, but the
Gothic canopy in the church called his tomb dates from the 16th
century.

MALMESBURY, James Haeeis, Earl OF (1746-1820),
the best-known English diplomatist of the latter half of the

18th century, was born at Salisbury on April 21, 174G. He
was the son of James Harris (q.v.), the author of Hermes,
and, what was important for his son's future success, M.P.
for Christchurch, a lord of the treasury under George
Grenville .(1763-65), and comptroller to the queen
(1774-80). Educated at Winchester, Oxford, and Leyden,
the younger Harris was intended for diplomacy. In 1768
lie became secretary to the British embassy at Madrid,
and in 1770 ie v.-as left as charge d'affaires at that court

on the departure of Sir James Gray until the arrival of

George Pitt, afterwards Lord Rivers. This interval gave
him his opportunity ; he discovered the intention of Spaiu
to attack the Falkland Islands, and was instrumental in

thwarting it by putting on a bold countenance. As a
reward ho was appointed minister ad interim at JIadrid,

and in January 1772 minister plenipotentiary to the court

•of Prussia. His success was marked, and in 1776 he was
transferred to the court of Russia. At St Petersburg he
mads his reputation, for he managed to get on with
Catherine in spite of her predilections for France, and
steered adroitly through the accumulated difficulties of the
first Armed Neutrality. In 1782 Sir James Harris (he
v/as now a Knight of the Bath) returned home from ill-

health, and was appointed by his friend Fos minister at
the Hague, an appointment confirmed after some delay
by Pitt, which he took up in July 1784. He did very
great service in furthering Pitt's policy of maintaining
England's influence on the Continent by the arms of her
allies, and held the threads of the diplomacy which ended
in the king of Prussia's overthrowing the republican
party in Holland, which was inclined to France, and
re-establishing the prince of Orange. He was in recogni-
tion of his services created Lord Malmesbury of Malmes-
bury in the county of Wilts, and permitted by the king
of Prussia to bear the Prussian eagle on his arms, and by
the prince of Orange to use his motto "je maintieudrai."
In 1789 he returned to England, and took an anxious
interest in politics, which ended in his seceding from the
Whig party with the duke of Portland in 1793, in which
year he was sent, but in vain, to try to keep Prussia true

to the first coalition against France. In 1794 he was sent

to Brunswick to solicit the hand of the unfortunate Princess

Caroline for the prince of Wales, to marry her as proxy,

and conduct her to her husband in England. In 1796
and 1797 he was at Paris and Lille vainly negotiating with

the French Directory. After 1797 ho became partially

deaf, and quitted diplomacy altogether ; but for his long

and eminent services he was in 1800 created earl of

Malmesbury, and Viscount Fitzharris, of Heron Court in

the county of Hants. He now became a sort of political

Nestor, consulted on foreign policy by successive foreign

ministers, trusted by men of the most different ideas iu

political crises, and above all was the confidant, and for a

short time after Pitt's death almost the political director,

of Canning. Younger men were also wont to go to him
for advice, and Lord Palmerston particularly, who was his

ward, was tenderly attached to him, and owed many of his

ideas on foreign policy directly to his teaching. His later

years were free from politics, and till his death in 1820 he

lived very quietly and almost forgotten. As a statesman,

Malmesbury had an influence among his contemporaries

which is scarcely to be understood from his writings, but

which must have owed much to personal charm of manner
and persuasiveness of tongue ; as a diplomatist, he seems to

have deserved his reputation, and shares with Macartney,

Auckland, and Whitworth the credit of raising diplomacy

from a profession iu which only great nobles won the

prizes to a career opening the path of honour to ability.

Malmesbury did not publish anything himself, except an account
of the Dut:h revolution, and an edition of his fathers works, but
his grandson the third earl published four volumes of his diaries

and correspondence from 1768-1807, and afterwards two volumes
of letters to and from his family and friends.

MALMESBURY, William of, an historical writer of tne

12th century, the date of whose birth is usually assigned

to the year 1095, but may with more probability be placed

some twenty years earlier. It may reasonably be con-

jectured from his own statement (" utriusque gentis

sanguinem traho ") that he was the son of a Norman father

and an English mother ; he undoubtedly represents the

fusion of the two races, although his sympathies as a writer

are unmistakably on the side of the conquerors. He
received his early education at the ancient Benedictine

abbey at Malmesbury, and he speaks of Aldhelm, bishop

of Sherborne, the great benefactor and second founder of

that house, who died in 709, as his "lord and patron,"

to whom he was indebted both for his life and his learning

(Gesta Pont., sec. 273). The earliest known incident in his

personal history is the fact, which he himself records, that

he assisted the abbot Godefrey in collecting books to form
the first library of the abbey. William himself subse-

quently became the librarian, and was also precentor of

the abbey; in 1140 he received the offer of the abbacy,

an honour which he declined, probably from a desire to

secure as much leisure as possible for study. In his later

life he was honoured by the particular friendship of Robert,

earl of Gloucester, a natural son of Henry I., and a

distinguished patron of learned men and letters. In

politics he was a warm partisan of the empress Matilda

against Stephen, and he was present at the council of

Winchester convened by her supporters in 1141. His

death is supposed to have occurred in or after 1142.

Printed If'orks.—AVilliam's earliest important work was the Gesia

Rcguni Angloruin, which he dedicated to his patron, the eari of

Gloucester. It was originally completed in 1120, but subsetjuently

brought down to 1128. It e.xtends from 449 a.d. to the twenty-

eighth year of the reign of Henry I., and is a record of the highest

value, preserving from unknown sources numerous facts which
would otherwise be lost to us. In 1125 William completed his

Gcsta I'oniijicum Anglorum. He himself tells us that the pro-

duction of tliis work cost him especial pains, but that the material

for its composition was neither so abundant nor so easily reducible
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M consistency ns tliat for tlio Gesta Hegum. Tlie work may be
regarded as the main source for our early ecclesiastical history, and
constitutes the basis of later productions relating to the same subject

ftt the same period. It is divided into five books, the bishops being
grouped under their respective sees, and the chief monasteries
under their jurisdiction being also noticed, sometimes at con-

siderable length. The fifth book is mainly occupied by the life

of St AJdhelm, and includes numerous details of interest not given
in tlio earlier life by Faricius. The Gesla Pontificum is likewise

brought by further additions down to the year 1140. William's

Jast work ^as a continuation of the Gcsta Jlcgum under the title of

Jlisloria Norella. It concludes abruptly ^\-ith the escape of Matilda

from Oxford -when besieged there by Stephen in 1142, and the

naniicr of its termination suggests that the narrative was broken
dIT by the death of the writer. Like the Gcsia licyuin, the Hidoria
is dedicated to the duke of Gloucester, whose doings in behalf of

his sister Matilda are described in such a waj' as to make him in a

great measure the central figure of the narrative. Other printed

writings of William are an account of the cliurcli of Glastonbury
(included along with the life of St Aldhelra in Gale's Scripiorcs

XV.), and a life of St Wulstaa, of which a considerable portion is

given in the second volume of Wharton's Anrjlia Sacra. The
best te.xt of the Gcsia Kegum and the Ilisloria Novella is that

given by Sir T. D. Hardy in the cditioti published by the English

Historical Society in 1840 ; the te.tt in Savile's Scriplores is Hiulty

ia the e.-ctreme. The Gcsia Pontificum was edited for the Eolls

Series, in 1870, by Mr N'. E. S. A. Hamilton, from a manuscript

which he was the first to identify as the autograph of \YiUiani

himself
Extant Jl'orls Vnpriiitcd.—Among tlieso are Miracles of the

Virgin Jfanj ; Miracles of SI Andrew ; Life of St Dunstan ; a com-
pend of the commentary on the book of Jeremiah attributed to

I'aschasius Radbertus ; an abridgment of the treatise by Amalarius

on Sacred Offices ; Lives of the English Saints ; and an epitome of

the History of Haymo of Flcury, together with other abridgments

or transcripts of historical and leg.al writers,—this last being an
autograph preserved iu the Bodleian, where, or at the British

Museum, the other manuscripts are also to be found.

Lost IVorks.—Among these are a Life of St Patricl- ; a metrical

Life of St .rElfgiva ; the Miracles of SI Benignus; and the Little

Chronicle, in three books (of which a supposed fragment is preserved

at the British Museum, Lansdowne MS. Ko. 436). The work which
we have probably most cause to rcgi'et is the Itincrarinm Johannis
4bbatis, or account of the journey of Joim, abbot of Jlalmesbury,

to Rome in 1140. This was written by AVilliam from the oral

account which he -"ceived from Peter Baldwin, John's companion.

A few e.xtracts ar<» ^ven by Leland in his Collectanea, iii. 272.

Malmesbury's merits as an historian are of a very high order. He
labours, it is true, under tho defect of being but imperfectly

acquainted with English institutions, and having but little sympathy
with the English race, while he occasionally evinces a Norman
contempt for the English language. His habitual carelessness in

chronology is also at times extremely perplexing, and his narrative

of facts is alloyed with romantic details which serve to excite dis-

trust with respect to his general credibility. But, notwithstanding

these faults, he is entitled to rank as an authority (in relation to

the period of which he treats) with Bede and Matthew Paris. He
is again the first of our historical writers in whom the critical

faculty is to any extent discernible, and the comparisons which he

occasionallj- institutes between two different and discrepant accounts

of the same events form a noteworthy feature in his mode of treat-

ment. Tlie pains and judgment which he employs iu the arrange-

ment of his materials are also often no less conspicuous than his

industry iu collecting them,

MALMO, a seaport tow:) of Sweden, inferior only to

Stockholm and Gothenburg in importance, is the capital of

tho liin or province of JIalmohus, and stands on the eastern

shore of the Sound, opposite Copenhagen, from which it

is IG miles distant. Tlie town, which is built on a level

plain, formerly had strong fortifications, of which all that

now remains is the citadel, where the carl of Bothwell was

imprisoned for some time after 1573 ; it is at present used

as a house of correction. In tho large central square

(Stortorg), which is planted with trees, stands tho town-

hall, a brick and sandstone structure in tho Renaissance

style ; it contains tho handsome Knutssal, or former

council churaber of the guild of Canute. Tho principal

ecclesiastical buildings are the church of St Peter

(Pctrikyrka), begun in 1319, and the German church

(Tyskakyrktt). The harbour in tha north-west has recently

been deeiwaed, and admits vessels drawing 18 feet of

water; there is daily comaiuDicatioa by steamei with
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Copenhagen, and also at regular intervals with Stockholm,
Gothenburg, Liibeck, <S:c. The trade of the port is con-

siderable, the exports including timber, iron, tar, oil-cake,

and bones, while the imports consist chiefly of wine, salt-

fish, salt, and coal. There are a number of manufactures,

that of gloves being the specialty. Malmo is connected

with Stockholm by rail. Population in 1878, 35,626.

Jlalmti (Malnihauge, Malmey, Malmoye, Malmoughe), sometimes
called " Ancoua Scanorum" or " EUenbogen," first appears in hisJ

tory about the middle of the 13th century. During the Hanseatic
period it was the most important eominercial town on the Sound,
but in the 16th and 17th centuries gi'eatly lost ground owing to
tlie decay of its herring fisheries and the rise of its riv?l Copenhagen.'

Its modern prosperity is largely due to the enterprise of Frani
Suell, one of its merchants, who first constructed the harbour, A?hich

has more than once been enlarged subseijuently.

MALOPiY, Sir Thomas, the author or compiler of the

Morte DarlLur, was born most probably about the year

1430. From his own words he is known to have been a

knight, and his description of himself as "a servant cl

Jesu both day and night" has led to the inference that he
was also a priest. On tho authority of Leland the

antiquary he is believed to have been a Welshman. The
name appears in a variety of forms, including those of

Maillorie and Maleore. In the preface to the first edition

of the Jforte Dartlmr Caxton speaks of the work as printed

by himself "after a copy unto me delivered, which copy

Sir Thomas Malorye did take out of certain books of

French, and reduced it into English." Malory himself

tells us that he finished the book in the ninth year of

Edward PV. (c. 1470). For the place of the Aforte

Darthur ift the literary history of the Arthurian legend,

see Arthur, Geoffrey of Monmouth, Grail (Holy), ikc

MALPIGHI, Marcello (1638-1694), of Bologna, waa

one of the first to apply the microscope to the study of

animal and vegetable structure ; his discoveries are bo

numerous and important that he may be considered to be

the founder of micrgscopic anatomy. Shortly before his

death, he drew up a long account of his academical and

scientific labours, correspondence, and controversies, and
committed it to the charge of the Royal Society of London,

a body with which he had been in intimate relations for

mere than twenty years. The autobiography, along with

some other posthumous writings, was published in London
iu 1696, at the cost of the Society. The personal details

left by Malpighi are few and dry. His narrative is mainly

occupied with a summary of his scientific contributions and

an account of his relations to contemporary anatomists, and

is entirely without graces of style or elements of ordinary

human interest. He was born in the country, obout 20

miles to the north of Bologna, on the 10th of March 1628.

At the age of seventeen he began tho study of the Aris-

totelian philosophy, and continued it for four years; it

appears from another statement that he was in the habit

of amusing himself with the microscope during this period.

Owing to domestic circumstances, it became necessary for

him, in 1649, to choose a profession, and he elected to

study medicine; after four years study at Bologna he

graduated there as doctor. He at once applied to be

admitted to lecture in the university, but it was not till

after three years (1656) tkit his request was granted. A
few mouths later he was appointed to the chair of theore-

tical medicine at Pisa, where he enjoyed the friendship

and countenance of Borelli. At the end of four years he

left Pisa, on the ground of ill-health, and returned to

Bologna. A call to be professor primarius at Messina

(procured for him through Borelli, who had in the mean-

time become professor there) induced him to leave Bologna

in 1662. His engagement at Messina was for a term of

four years, at an annual stipend of 1000 scudi. An
attempt was made to retain him at Messina beyond thai
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period, but h'S services were secured for his native uni-

versity, and he spunt the nest twenty-five years there. In

1691, being then in bis Eixty-fourth year, and in failing

health, he removed to Rcmn to become private physician

to Pope Innocent XII., and he died there of apoplexy three

years later. In the portrait prefixed to his autobiography,

the features are those of the phlegmatic type. His addiction

to the microscope brought him into conflict with the re-

spectabilities of the medical profession, including two of

his colleagues at Bologna, whose names have been pre-

served from oblivion ; it was felt by those who affected

to watch over the future welfare of medicine that the

study of microscopic anatomy was adverse to the true

interests of medical practice, and that feeling is said to have
found expression in a duel that was fought between the
brother of Malpighi and a near relative of one of his con-

eervative colleagues, in which the latter combatant was
killed. Amid such incidents was the fruitful microscopic
era of medical and biological science ushered in.

The compound microscope (invented in the Netherlands) had
been used in Italy (Rome) to study the parts and organs of the beo
as early as 1625, and it was employed by Malpighi and by his con-
temporaries Hooke (botanist) and Leeuwenhoek ; the illumination
of the objects was always direct, the mirror being a much later
addition, and the tube was of unwieldy length. Owing to the
inability to overcome spherical and chromatic aberration in com-
pound lenses, the simple microscope came again into common u.se,

and continued to be the chief iustrument in the study of minute
anatomy until the introdaction of flint-and-crown glass lenses by
English opticians about a century later. It was Malpigbi's prac-
tice to open animals alive, and some of his most striking
discoveries were made under those circumstances. Although
Harvey had corajctly inferred the existence of the capillary cir-

culation, he had never scon it ; it was reseri-ed for Malpighi in
1661 (four years after Harvey's death) to see for the first time
the marvellous spectacle of the blood coursing through a network
of small tubes on the surface of the lung and of the distended
urinary bladder of the frog. We are enabled to measure the difE-
culties of microscopic observation at the time by the fact that it

took Malpighi four years longer to reach a clear understanding of
the corpuscles in the frog's blood, although they are the parts of
the blood by which its movement in the capillaries ia made
visible. His discovery of the capillary circulation was given to
the world in the form of two letters De Pubnonibus, addressed
to Eorelli, published at Bologna in 1661 and reprinted at Leyden
and other places in the years foUowing

; the letters to Borelli
contained also the first account of the vesicular ftructure of the
human lung, and they made a theory of respiration for the first

time possible. The achievement tliat comes next both in import-
ance and in order of time was a demonstration of the plan of struc-
ture of secreting glands ; against the current opinion (revived
by Ruysch forty years later) that the glandular structure was
essentially that of a closed vascular coil from which the secretion
exuded, he maintained that the secretion was formed in terminal
acini standing in open communication with the ducts. The name
of Malpighi is still associated with his discovery of the soft or mucous
character of the lower stratum of the epidermis, of the vascular coils

in the cortex of the kidney, and ofthe follicular bodies in the spleen.
He was the first to attempt the finer anatomy of the brain, and his
descriptions of the distribution of grey matter and of the fibre-tracts
in the cord, with their extensions to "the cerebrum and cerebellum,
are distinguished by accuracy ; but his microscopic study oif the
grey matter conducted him to the opinion that it was of glandular
structure and that it secreted the "vital spirits." At an early
period he applied himself to vegetable histology as an introduction
to the more diSicult study of the animal tissues, and he was
acquainted with the spiral vessels of plants in 1662. It was not
till 1671 that he wrote his Analome Plantarum and sent it to the
Koyal Society, who published it ia the following year. An English
work under a similar title {Analomy of Vegetables) had been pub-
lished in London a few months earlier, by Nehemiah Grew ; so
that Malpigbi's priority as a vegetable histologist is not so incon-
testable as it is in animal 'nistolcgj-. The Anatome Plantarum
contained an appendix, Obscrvationcs do ov: iiicubato, wl ich gave an
account (with good plates) of the development "^ the chick
(especially of the later stages) in many points,more'coifip!ete than
that of Harvey, although the observations wero needlessly lessened
in value by beingjoined to the metaphysical notion of " prcedclinea-
tiou" in the undeveloped ovum. His works are

—

De pulmonibus

:

EpUtolx dtisead £orellhtm,r'Bologaa, 1661 (went through several'
editions)

; Epistolx anatomiciB Marc. Malpighii ct Car. Fracassali,
Amsterdam. 1662 (on the tongue, brain, skii, cmentuiE. &C.); £?

Visurum Slruclura: excrcitalio anatomica, London, 1669; Anatwne
Plantarum, cum appcndice obscrvationcs de ovo incubato continenlc,

London, 1672 (other editions in 1675 and 1679); I)e Struclura
Olandiilarum conglobatanim, London, 1689; Opera posthuma, et vita
a aeipso scripta, London, 1697 (another edition, with preface and
additions, waa published at Amsterdam in 1700). An edition con-
taining all his works except the last two was published in London
in 1687, in 2 vols, folio, with portrait and plates.

JIALSTATT-BURBACH, a town in the district of
Treves, Prussia, is situated on the right bank of the Saar
(Sarre), almost contiguous with the town of Sfc Johann,
and separated from Saarbriicken by the river. It lies in

the midst of an important coal-mining and industrial

district, and is itself little more than a long and narrow-

row of manufactories and workmen's houses. The largest

factories are engaged in the production of iron, steel, and
cement, one iron-work employing nearly 2000 men, and
producing 285,000 tons of raw and manufactured metal
annually. There is » large wharf on the river for the
export of coal. At the census of 1880 Malstatt-Burbacb

contained 13,158 inhabitants.

Malstatt is of very ancient origin, and received municipal righta

in 1321. These, however, were afterwards resigned to the newer
town of Saarbriicken, and in 1818 Malstatt and Burbach were two
small villages with a joint population of only 822. About the
middle of the century the population began to increase rapidly, in
consequence of the development of the mining industry of th&
district and the extension of the railway system, and- in 1875 the
two villages were united to form a tov,-n. In 1870 Malstatt-
Burbach was cannonaded by French troops under the command of

Napoleon III.

MALT is the grain of any cereal artificially germinated
so as to induce certain changes in the constitution of the

seed, specially a conversion of a portion of the starch into

sugar. The varieties of grain usually employed for malting

are barley and here or bigg, and the processes of preparing

the substance are fully explained under Beewing (vol. iv.

D. 266).

The specific effect of the malting of grain is to transform

by the process of germination a proportion of the starch

into soluble sugar and dextrin. These changes are

efi'ected by the agency of a peculiar nitrogenous ferment,

diastase, which exists in the grain, but which is increased

in amount during the germination. The precise sequence
of changes, and the exact nature of the new cbemicaf

compoimds evolved, are still matters of some doubt It

is clearly established that the ferment of barley is in-

capable of transforming the starch on which it operates

entirely into sugar, the ultimate products of the action

being partly dextrin and partly sugar. The relative

proportions of these bodies evolved by fermentation from
starch have been matter of dispute, some holding th^t

from three molecules of starch there are evolved tv;o

molecules of dextrin and one of eugar, while others

aSirm that the yield is two of sugar and one of dextrin,

and a third party hold that for each molecule of sugar

there is one of dextrin produced, thus :

—

starch. Sugar. De-xtrin.

ZC^B.fi, + HjO = CsHi.Oj + CjHjoOs.

These statements, however, are based on the assumption

that the sugar which results from the fermentation of

germinating barley is ordinary grape sugar or dextrose,

C(;Hj.,0|5; but it has been dembnstrated, first by O'Sullivan,

that it is a form. of sugar possessed of peculiar properties

to which the name maltose has been given. MaltPie,

according to O'Sullivan, is isomeric with cane sugar,

CijHjoOii, but Marcker considers that its constitution

should' be represented' bv C,sH3jOi-, and that the equa-

tion is as follows :

—

starch. .Jaltose. Dtsfrin.

4C,H„05 -t- 2HsO = C,8H3,0,, -f CeH^O,.

Maltose possesae? the power of rpdncing Fehling's solution
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t^cupric oxide; only to the extent of 63 per cent, as com-

pared with 'dextrose, but its power of right-handed polar-

i:?ation is three times as great = +154^. According to

Dularunfaut the efficient ferment in barley is maltin, a

much more richly nitrogenoua and active body than

diastase, which he considers to be only a product of the

decomposition of maltin.

By the processes of malting 100 parts by weight of

barley yield about 80 of kiln-dried malt and 2 to 3 of

dried radicle and plumule called " malt dust." The pro-

gressive modification in composition is shown in tho

accompanying table of analyses extracted from the report

presented by Mr (now Sir) J. B. Lawes to the Board of

Trade " On the Relative Value of Unmalted and Malted

Barley as Food for Stock, 1866,"—an inquiry which re-

sulted in showing that the advantages claimed for malt as

a feeding material were largely illusory :

—
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Borne beds of matl and coral limestone, in many parts

abounding in fossils. The surface of the country is

diversified by valleys and steep hills; there is little water,

and no river, brook, or lake exists on any of the islands.

The highest point of Malta is near Casal Dingli, about

750 feet above the sea to the south ; a little farther

north lies the ancient capitil, Citta Vecchia, upon another

steep height ; west of these lies the range of Bingemma
Hills running north-east to south-west ; from this higher

ground the island slopes somewhat towards the north-west.

On the west and south the cliffs rise sheer from the sea

to a height of 300 or 400 feet ; on the north tho rock in

many places shelves to the water's edge, though the har-

bours of Valetta and the rocks where the apostle Paul

was wrecked are an exception to this. At the east end is

the large harbour Marsa Scirocco, into which the south-cast

sirocco blows with full force. The general appearance of

the land is bare, owing to the want of woodland, and

also to the use of stone walls as enclosures for the fields,

which in the east of the island are smaller than in the

west. The dark foliage of the carob and the singular

masses of the prickly pear are, however, very marked in

the landscape, which with its contrasts of blue sea running

into the brown and yeUow land, heightened by whatever of

green may be, is of fascinating beauty under the cfTects of

morning light and setting sun. The land is closely cul-

tivated ; often the soil is terraced on the sides of the

hills as a safeguard against the winter rains. The soil

is in many places extremely thin ; it is, however, so

fertile that it produces two and sometimes three crops in

a year. Large quantities of early potatoes grown for the

English market, corn sufficient to supply the island for

four months of the year, cotton, principally for home
use, and a fine red-flowering clover, called sulla, are

the chief crops ; excellent honey is obtained from Gozo

;

oranges and figs come to great perfection. Goats abound,

but few cows are kept; the mules and asses are fine;

cattle and sheep fjr butcher meat are imported from
Barbary. Fish is good and abund;int. The flowers of

Malta are famous ; Cicero mentions the cushions stuffed

with roses used by Verres, and many a lovely garden is

bidden behind the high stone walls. The interesting flora

of the islands approaches that of Africa (to which continent

the old geographers considered them to belong, as the

French do still), including the palm, cactus, and other sub-

tropical plants. The scanty fauna is for the most part

European ; the Maltese dog is mentioned by Strabo and
other old writers ; a few still remain, though not wild.

Of birds there are about ten or twelve indigenous species,

but a large number of migratory birds pass or rest here.

The nrarine plants and animals also offer a rich fnnd of

material to the student.

The winter climate is temperate and healthy, the ther-

mometer ranging from 51° to 71° Fahr. between October

and May. In the summer months the heat is almost

tropical ; from July to the end of October it ranges be-

tween 80° and 90°. Snow is unknown, but hail occurs in

winter, and much rain usually falls between December and
February. The northerly winds are bracing, but the soutli-

east wind, called the sirocco, which brings the warm air

from the African deserts, and then takes up tho salt sea

mists, is very deleterious ; it occurs suddenly, chiefly in

August and September, occasionally in the spring, and
fortunately lasts usually but a few hours. The " gregale

"

("eurokylon" of Acts xxvii. 14) is a strong north-east

wind which occasionally blows in the winter months with

great fury and force for two or three days together, espe-

cially in November and February, rendering it dangerous
to cross the harbour, sometimes tearing up stone walls and
landing-steps, and otherwise doing muc-^ damage.

The Mftltese are a strong well-formed race, the m«u
dark, handsome, and lithe, tlie women with black eyes and
fine hair and an easy carriage ; as in other Eastern nations,

the working classes grow old at a comparatively early age.

They are a cheerful, good-humoured, and industrious

people, sober and abstemious, though quick-tempered

and addicted to the use of the knife. Bread or pasta,

with a few olives, a little oil, or milk cheese, forms the chief

support of the poor, who seldom or never eat meat, and
drink but little of the light wiue of the country. The
gentry have a large admixture of Spanish, Italian, and
French, but among the people in general the Arab race

and character predominate, influenced by contact with

Sicily. Of the native language 70 per cent, consists of

Arabic words, the rest being chiefly a corrupt Italian ; that

spoken in Gozo is the purest Maltese. The festivals and
ceremonials of the Roman Church are kept up to an extra-

ordinary degree, together with a few that seem to be derived

from the Greek Church. The perpetual ringing of mono-
tonous church bells, and the peculiar method of striking

time, are relics of South Italian customs.

Malta is divided into twenty-sis casals or village

districts, Gozo into nine ; some of the villages are large and
populous, each having its church, often large and handsome.
Near the middle of the island, on sharply rising ground,

stands the ancient capital, called Civitas Melita by the

Romans and oldest writers, Medina {i.e., the city) by the

Saracens, Notabile ("jocale notabile, et insigne eoroD!*

regiae," as it is called in a charter by Alphonso, 1428)

under the Sicilian rule, and Citta Vecchia (old city) by the

knights. The cathedral, overthrown by an earthquake in

1693, but rebuilt, stands on the reputed site of the house

of Publius, Paul's friend ; many Maltese gentry live in this

town, and the English utilize some of the buildings. The
Roman remains and catacombs of Citta Vecchia must not

be forgotten. Since 1570 the chief town has been Valetta,

—a city built on, a ridge of rock (Mount Sceberras)

which runs like a tongue into the middle of a bay, which

it thus divides into two great harbours, subdivided again

by three other peninsulas into creeks. On two of

these peninsulas, and at- their base, are built the aggre-

gate of towns called the Three Cities, part of which

(grown up under the old Fort St Angelo) is much older

than the coming of the knights, and is called Vittoriosa

in coramemoratiou of the siege of 15G5. Valetta, includ-

ing the suburb Floriau, is about 2 miles long and J
mile wide ; Fort St Elmo, with a lighthouse, stands

on the point; the summer suburb Sliema lies on the

point which encloses the west or Marsamusceit harbour

;

Fort Ricasoli on tlie opposite point enclosing the east or

grand harbour. The streets of Valetta, paved with stone, run

along and across tlie ridge, and end on each side towards

the water in steep flights of steps. Many of the houses,

which are of stone throughout, with flat roofs, are large

and luxuriously built ; wooden covered balconies project

from the windows and give a peculiar aspect to the streets.

Tliere are several fine public buildings, as tlie governor's

ptlace, the new opera-house, the public library, the auberget

or lodges of the knights, especially the Auberge de Castile,

the E'jglish church built by Queen Adelaide and others.

Roman Catlwlic churches in Valetta are very numerous : the

cathedral of St Johp is famous for its rich inlaid marbles,

its Brussels tapestries, its roof painted by Matteo Preti

(1661-99), and the picture by Caravaggio, the DecoUatiou

of John the Biptist. The hospital of the knights contains

one of the longest rooms in Europe, 503 feet in length,

without a central support. The extensive bagnios under

the rock, formerly occupied by the slaves of the knights,

are now used for naval stores. The knights strengthened

Valetta and its harbours" by bastions, curtain-walls, lines.
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old forts, towards tlie S''a, towards tlio land, and on every

available point, taking adTantage in every particniar of the

natural rock and of tlie marvellous advantages of situation,

rendering it tlien almost impregnable. The work of fortify-

ing the place with modern armament is carried on by tlio

British Government, which possesses there the finest uaval

hospital in Europe, a military prison, and other necessary

institutions, including immense subterranean stores of

grain. New sanitary and water works and dwellings for

the over-crowded poor have lately been undertaken by tlio

local authorities. Tiio city is clean and well-regulated,

gay with the motley throng of all nations that continually

come and go, and presenting many features common to the

East; the influx of winter visitors attracted by the mild

climate and social gaieties Las of late years proved a source

of wealth to the inhabitants. A railroad from Valetta to

Citta Vecuhia,the first in the island, is now nearly completed.

The importance of Malta lies, as of old, in its harbours,

which render it a splendid port of call, repair, or refuge, as

well as a fine uaval station, in its capabilities as a depot
for coals and stores, in its hospitals, and in its strength as

a military station. Its pusition in the Mediterranean is of

the utmost value towards keeping a clear highway to the

East and to India. During the eighty-two years of British,

occupation the population, trade, and produce have largely

increased. Tha government, created by royal letters patent
of 11th May 1849, consists of a council of eighteen

members, eight elected by the Maltese (about two thousand
three huudred electors), nine chosen by the crown, and the

governor, with a salary of £5000, who is usually a military

officer. To these wero added by letters patent of May
1881 an executive council of three members to advise and
Dsslst the governor. The council have powers to make
laws and to vote money ; this last was restricted by the
British Government in 1875, leading to a protest in the
following year by tho elected eight. The government
of tho islands presents peculiarities owing to the combina-
tion of military and civil duties. Several recent inquiries

on taxation, education, <tc., have led to important changes
during the last two years. The consolidated revenue is at
tho disposal of the crown through the governor and council

;

Malta is self-supporting, costing the imperial exchequer
little beyond the military and naval establishments, and
even contributing £5000 annually towards the former.
The revenue arises chiefly from import duties (of which a
largo proportion accrues from a tax of lOs. a quarter upon
grain) and tonnage dues.

Revenue. nxpemlllui-o.

1S"0 £183,794 £185,946
1380 190,661 163,318

The tonnage of vessels entering and clearing equals that
at Gibraltar ; in 1878 it amounted to G,503,859 (5,669,046
of w-liich was for British vessels), and in 18S0 it was
6,147,23-1. In 1879 the value of imports actually landed
was £794,565, and of exports £216,050,—a value of about
£18,700,000 merely touching at the port. The figures
fluctuate

; in the following year they fell considerably. In
1837 the revenue was but £95,600, while but one steam-
8hip, of 137 tons, entered the harbour; in 1879 2894
steamer.-., with a tonnage of 2,781,806 entered. In the
naval yard numerous vessels aro repaired yearly; in 1876-
77 these amounted to 39 ironclad and other ships and 43
emaller vessels. One arm of tho harbour is devoted to a
coaling station, where enormous quantities of coal are
annually imported and sold (384,272 tons in 1880). Tho
British Mediterranean fleet is stationed there for six months
of the year, the strength of the naval forces being usually
about 6000 men. Tho strength of tlio military in tho
Island is usually about C500, the largest garrison in any
••»tiaU colony.

The population, which in 1837 was 115,570, was 154,892

in 1830, exclusive of British troops and their families,

about 24,000 being English and foreigners; it is rapidly

increasing, and is unequally distributed, the greater part

being settled in the large casals or villages on the eastern

half of Malta, including the densely populated Valetta;

large tracts to the west arg bare and but sparsely inhabited ;

about one-third of the island is rocky and uncultivated.

Malta has now 1510 inhabitants to the square mile, Gozo
962. In 1879 there were 9868 children (about two-fifths

of these at school age) attending elementary schools, in-

cluding 768 students at the university and two lyceums

;

in 1880 the total was 9595. All the casals of Malta and

Gozo (with but one or two exceptions), besides Valetta and

tho Cities, havo schools, which are now placed on the

.same system as the board schools in England
;

great

efforts are being made to extend tho acquisition of the

English language, which till recently was neglected in

favour of Italian. The director of public education, besides

tho elementary, Ins under his caro several secondary

schools, two lyceums in Vittoriosa and in Valetta, and the

university (founded by the knights in 1768), with faculties

of philosophy and arts, law, medicine, and theology. " In

Valetta is a large public library founded by the knights iu

1760, containing 48,000 volumes, open free daily ; in Gozo
is a smaller one.

History and Antiquilics.—M.ilta (Melila), with its sister Gozo
(Gaxlns or Gaudus), Iia.? from time immemorial been a place of

importance to whatever race nisheil to hold the highway of the

Meditenancaii, whether Phofiiician, Punic, Koman, or Arab. Thus
even the stories of Homer have a semblance of truth, 'for the

Ogygian isle where Ulysses took refupe has been supposed to bo

Jlalta or Gozo, in both of which tradition (born of the poem) yet

points out the grottoes of Calypso. The earliest inhabitants of whose
presence we Jiave any actual trace are tlie'Phcenicians, from whom
we have several important inscriptions which tell of them and their

temples, several curious images believed to belong to their worship,

and many .specimens of their pottery and glass, chiefly found in

tombs, some bearing Phcenician characters and potters' marksr
Sepulchral cares and clusters of rock-hewn tombs, especially those

in the hills of Bingemma, in several of which terra cotta sarcophagi
have been found, are referred with reason to a Phoenician or a Punic
origin ; Caruana's Keport gives a list of these in eight places, dis-

tinguishing them from numerous Greek and Christian catacombs
which also exist in the islands. The most remarkable remains
are three rough stone erections, one in Gozo (Torre dei Giganti), and
two in Malta, about a mile apart (HagiarKim and Mnaidra), whidv
mainly consist of several apsidal chambers side by side, the walls of

which are built of enormous horizontal and upright stones. In
Malta the ruins show evidence of much skill in stone-cutting; the
entrances to the chambers consist of three large slabs of stone in

place of doflrpost, each smaller than and at a little distance from
the one outside it ; several liave well-shaped holes for ropes or other
fastening ; other slabs have sharply-squared holes and shelves cut in

the solid stone; others again are ornamented with "pit-markings
"

or little depressions cut evenly all over the surface of the stone.

A table or altar is also found in some of tho rooms, a massive slab
of stone supported on an upright formed like the trunk of a tree ;

in one case the two ends of the slab are carefully mortised into tho
walls at each side, ^ho chamber bcii.g very small, and apparently
intended specially for its reception. Hagiar Kim was excavated by
the Government in 1840, when considerable traces of the action of

lire were found ou some of the walls, as well as buried ashes. In
other rooms were found quantities of bones, many fragments of
pottery, lamps, bowls, &c. , nine images, and a small ornamented
altar [ArchscoL, vol. xxi.T. p. 22"). The ruins in Gozo were excav-
ated about 1S27 {Archscol., vol. xxii. p. 294). All these buildings
stand on commanding position.";, high on the side or the sho\iIder of

steep hills. They have been usually considered Pha-nician temples
;

and, on comparison of them with what is known of tho great temple
of Melkart at the south-east corner of Malta, the presumption is

strong that these too were built by the same race, at sobio very
early period. The bilingual inscription found there belongs to a
later age, tho Grwco-Punic time, to which Greek coins found in both
islands and a few other remains bear evidence. It is probable that
the islands shared in some degree tho varying fortunes that followed
on the wars in Sicily, which took place as Greek drove out Phoeni-
cian, as Carthaginian drove out Creek and tried to regain the
ancirnt possession of the mi~'hcr-land, as finally Konio conquered
all. During the First Punic '\\'arf264-241 B.C.) Jlalta seems to havf
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oeen conquered and reconquered more than onco (Oiosius, iv. c. 8).

In the Second Punic War the Carthaginians, under Hamiloar, son

of Gisco, gave it up to Titus Sempronius, 218 B.C. (Livy, x.\i. 51).

In the pursuit of manufactures and commerce Malta had attained

iliigh degree of prosperity under the Phoenician.?, which still existed

under the Romans of the Augustan age. It was especially famous
I'or its textile fabrics (probably of cotton, which is grown and spun
thereto this day); the Sicilian pr.Ttor Verres sent tiierefor women's
woven garments. The inhabitants were rich, and there were many
artificers of all kinds. Ovid speaks of it as a fertile island {Fast.,

iii. 567). The remains formerly existed (unfortunately now for the

most part dispersed or destroyed) of several fine Gra:co-Roman
temples, such as the temple of Juno spoken of by Cicero and
Valerius Maximus, whose ornaments and fine ivories and carved

figures of Victory tempted more than one sacrilegious robber ; the

temple of Proserpine, which we learn from an inscription was re-

paired by Chrestion, a freedman of Augustus, procurator of Malta
;

and the temple of Apollo at the chief town Melita, which with a

theatre shared the munificence of a wealthy Maltese under the

Antouine rule ; these and the ruins of a princely Roman dwelling
with mosaics, system of water .supply, &c., at the same place, are

but a few signs of the luxury enjoyed in the islands. Diodorus
Botiocd the beauty aud adornment of .the Louses in Malta in his

time, a few years after the shipwreck of St Paul. Ono of the
islanders was a friend of Ciceio, who had thoughts of retiring there
himself. A mole and important harbour works, discovered a few
years ago, show that the Romans were not behind in strengthening
the natural advantages of the islands for shelter. Inscriptions re-

cording municipal institutions there date from the time of Hadi'i.an
;

how much earlier they possessed them is unknown. Before then
we hear of Chrestion the procurator mentioned above, an'd a Roman
governor under Augustus, Lucius Castricius, styled irpanos Me\i-
Taiwv , "chief man of the Maltese " (Caruana, 1882, p. 134 ; 1881,

pp. 20, 21), just as, half a century later, Publius Was irpuTos t^s
y-llirou, "chief man of the island" (Acts xxviii. 7) ; all these were
probably concerned in the lotal government. The Romans retained
the Maltese group for many centuries. At the divisicfn of the
empire in 337 A.D. it passed with Italy, Illyria, and Africa to Con.
stans ; after the reunion, and the final division after the death of

Theodosius in 395, Malta, as one of the isles of the Mediterranean,
remained with the empire of the East. History has but little to
mention regarding it during those early times, except that event of
ever-living interest, the shipwreck of St Paul, 58 a.d., which it is

now well-ascertained took place in a bay on the north side of Malta.
The alleged conversion of the Maltese to Christianity following
the three months' stay of the apostle and his companions may be a
fact ; Chrysostom refers to it {Horn. 54 on Acts). Many Christian
monograms and inscriptions have been found, ranging from the 2d
to the 9th century ; and the tombs and subterranean cemeteries
near Citta Vecchia are said to be arranged like the Christian ceme-
teries of subterranean Rome (Caruana, 1881, p. 18). Tradition s.ays

these were used as hiding-places in times of persecution ; it is certain
that Ptolemy at the end of the 2d century notes the famous temples
of Hercules and Juno as still in existeuce ; the old religion and the
new must have gone on side by side for a long time. After a time
Malta was made a bishopric ; according to R. Pirrus {Sicilia Sacra,
Melitensis Eccl. Not. vii., s.v. ' 'Lucillo ") it was, though considered
part of Africa, subject to the bishop of Palermo (in 6th century
primate of Africa) ; we find Gregory the Great dealing with a contu-
macious bishop of Malta and directiiig the bishop of Syracuse and
others to depose him, and to aid the successor appointed in his

place (Greg., Epist., ii. 44 ; ix. 63 ; x. 1).

The Saracens did not gain possession of Malta without a struggle
of many years ; they invaded it three times, in 828, 836 (when
it appears to have been chiefly Gozo that suffered), and finally in

870, when the inhabitants of Melita, having massacred the Greek
(Byzantine) garrison of 3000, opened their gates to the invaders.
The Arabs are said to have destroyed part of the city so as to

bring the fortificati-ons within smaller compass, rendering it more
easy to defend, and to have changed its name to Medina (great or
chief city). In a suburb just outside the present walls there was
discovered in 1881 a burial-pl.aco containing numerous Arab coffins,

overlying the remains of the Roman palace mentioned above, which
was thus finally ruined and concealed by the conquerors. It is

known that they built a fortress in 973, at the point of Mount
Sceberras where Fort St Elmo now stands. A few coins are pre-
served, but otherwise very little record remains of the Arab
dominion, which Listed about two hundred and twenty years; no
more Christian bishops are known until after that time, but tradi-
tion asserts, not without probability, that some of the original
Datives remained in certain villages and some Greeks in the capital,
among whom were Christians.

The Norman knights, who brought their conquering arms into
Apulia, Calabria, and Sicily, and even sent ships to Byzantium,
were probably the first t bring a Teutonic race and influence into
Malta. Through somewhat uncertain dates it appears that Roger
J.

(youngest son of Tancred, and brother of Guiscard) about 3090 i

landed in the island and levied tribnte, and 'iiat about 1127
Roger II., this not being paid, .set sail with a fleet, took Medina,
then governed by a gaito, Maimono, and after setting free all the
Christians and exacting a large sum in money, mules, and horses,
completed the conquest of Malta and Gozo. Walter, bishop of
Malta, whoso name is found as witness to a document of 1090, is
believed to have been now appointed by Roger 1., and consecrated
by the pope. A succession of Christian bishops, endowments and
buildings made, tithes granted, kc, testify to the restoration of
the church iu the islands, while they shared with Sicily the feudal
laws aud administration newly established under the Norman rule.

In 1193 Malta as a county gave a title to Margarito Brundusio,
grand-admiral of Sicily, aud three successive counts of Malta
followed. After the Norman [uinces had possessed the islands
about a century, the kingdom of the Two Sicilies, and the Maltese
islands with it, passed in 1194 to the emperor Henry VI., in p.-o-

fessed right of his wife Constance, daughter and heiress of Roger
II. In 1223 a Maltese named Henry or Arrigo is stated to hava
been grand-admiral of SicUy (Pirrus, p. 906; Miegc, ii. 38). He
is probably the same as the distinguished Henry, count of Malta,
who with three hundred JIaltese youths in 1205 earned the favours
of the Genoese by brilliantly taking two forts in Tripoli (Cafl'arus,

Ann. Genuciises, in Muratori, t. vi.), and who took part also iitt

the fourth crusade. No traces of the crusades, however, have
been found in these islands, although it is probable that theyr

leaders would not neglect the advantages of Maltese ports and
sailors.

Henceforward Malta, as a fief of Sicily, followed the fortunes of

that country. The Maltese seem to have taken no part in the
Siciliau Vespers (1282), but to have held out for Charles of Anjou
until Peter of Aragon, crowned king of Sicily, August 1282, won
a battle at sea against the French, attacked Notabile and the forts,

and thus obtained possession of the islands. For nearly two hundred
and fiftf years the Spanish house, through fourteen kings of Aragon,
bore rula over Sicily and Malta. In 1391 the countship was erected

into a marquisate, which lasted two years only. In 1427 a swarm
of Moors (18,000) ravaged Malta and Gozo, but were not able to take
the city Notabile

;
yet the people, though afflicted by the plague

in 1431—as not unfrequenlly at other times—were able to sally

forth to conquer Gerbi on the coast of Africa in the following year.

The king at this time (1432) authorized the demolition of the old
castle at Notabile, built three hundred and fifty years before, and
gave the ground on which it stood to the town ; hut the fortifica-

tions of the island were strengthened (1466), the chief stronghold in

the 15th century being the fortress of St Angelo. The inhabitants,

addicted to fighting at sea, were forbidden from 1448 to 1494 to

send out armed corsair ships, in order it is said to retain those

capable of defence in the islands, the population of which was at

the beginning of that period very scant. The Jews were expelled

from Malta by the- same edict of Ferdinand, in 1492, which turned
them out of Spain. By 1514 the population of JIalta had doubled

;

the two islands together contained 22,000 inhabitants (Miege, it

81). They frequently attacked the Moors on the mainland, and
suffered reprisals themselves as late as 1526. Their last king of the

Spanish house,. the emperor Charles V., in 1530 granted Malta and
Gozo (with the city of Tripoli) as a noble aud free fief to the
knights of St John of Jerusalem, still retaining, however, th6

suzerainty, by the homage of a falcon annually to be gi)en by th4
knights.

Malta thus during many centuries occupied the position of a

feudal fief of Sicily ; her laws and her church date from the times of

the Normans, and both developed as in other feudal governments.

The progress of her political independence iu the 15th century,

especially under Alphonso I. and John I., has been shown by tfe

historian Miege ; the history of the relations between Malta arij

the monarchs of Sicily affords an interesting example of feudal

obligations with their attendant difficulties. That these fostered

a spirit of liberty and independence in the people, and must have
tended largely to the prosperity of the islan^^s, is shown by numerous
diplomas of the Aragonese suzerains preserved in the archives at

Malta (Eton's Authentic Materials, 1803, p. 108 sq.), where it is

seen that the inhabitants acquired many privileges and were also

able to pay on emergency considerable sums of money to increase

and preserve their privileges. Thus in 1428, only a century before

the knights came, they paid 30,000 florins of gold to Kmg Alphonso
in order to secure their tenure by the crown of Sicily without an?
middle-lords, be'ng the second time they thus bought back then-

island rights (Eton, p. 84). These things are to be noticed,

because, as has been complained, the knights unjustly depreciated

the value and advantages of the islands, in order the more readily

to obtain the grant from Charles V. Under the kings of Sici^',

Notabile was a universitit or commune, with its popular council

and jurats, a captain-justiciar representing the Tights of the crown;

in other words, Malta was a republic governed by its own laws

;

the principal magisti'ate was named by the king outoi three pereo«P

proposed by the consilio popolarc, and was liable to dismissal OL

eomplaint bjf t'le people. The kiog piotected the inland and V
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return the Maltese took a share in his wars. When the knights

took possession the Maltese stiinilatid that each giand master on

entering office should take oath to maintain their ancient rights

and liberties (Eton, pp. 38; 85, 101). The knights began by deceiv-

ing the Maltese candidates for admission into their ranks. Their

rme, at first conciliatory, soon became despotic ; in time the over-

shadowing power of a rich military organization encroached upon

the constitutional government, corruption brought the officials

under the control o£ the knights, and the people lost their

liberties, though the material prosperity of the islands was in

many ways heightened.

For the history of the order of St John see St John (Knights of).

Twenty-eight successive grand masters, from Lisle d'Adam to Hom-
pescli (1530 to 1798), held the islands. Lisle d'Adam established

his convent and hospital in the Borgo, a city that had grown up on

the coast near the castle St Angelo, opposite the ancient fort St

Elmo. In 1541 was made the first survey for the fortification of

Valetta. Ten years later the Turks, led by their famous naval

commander Dragut, ravaged Gozo, and made an attempt upon
Malta which failed. The knights, already famous for their power

at sea, were soon engaged in much skirmishing warfare against the

pirates and Turks, winning success and riches, and the gratitude of

Christian nations. In 1565, after eight yearsof threatening prepara-

tions, during which the knights had been strengthening and forti-

fying their island, the Turks besieged them with an immense force
;

they defended' themselves with such valour that it took a month to

reduce Fort St Elmo, and in rather over two months more the

Turks, whose ''uither advance was successfully resisted, were forced

to retire, leaving the knights free to build their new city Valetta

and its fortifications. The admiration and gratitude of Catholic

countries for this service to Ohristendom showed itself in liberal

Jonations towards these works ; large sums were also raised from

the possessions of the order ; and Valetta, the first stone of which

was laid on 26th March 1566, in four years rose upon the ridge of

rock, "a city built by gentlemen for gentlemen," as it has been

•well described,—the original design of which, the cutting down the

rock to a level platform, had only suffered from the continual fear

of molestation by the Turks while building.

( The order, now firmly established in their island, continued to

carry out their mission, that of keeping the Mediterranean clear

from Turkish and Moorish pirates, and of protecting Christendom
against the infidels. Numerous sea-fights took place during the

16th and 17th centuries, many of them undertaken more to make
up for the neglect of some of tho grand masters to sui)ply the

islands with corn, by seizing upon Turkish stores, than for any
lietter reason. Valetta became in consequence " a vast slave

mart." In 1614, under G. M. Vignacourt, an aqueduct was
constructed at a cost of £13,000 to bring water to Valetta from
springs near Citta Vccchia, a work of immense value, and still

in use. But the work of fortifying Malta occupied a large share of

money and attention, and was carried on without rela.i:ation by
many of the grand masters, down as late as the building of Fort
Tigne in 1793. Besides tho great lines and forts in and round
Valetta, the knights have left their mark all over the islands:

they mode good roads, improved Citta Vecchia, built watch-towers

round tho coasts, and erected towers, country palaces, and gardens.

They also established and continually carried on, at Notabile and
Valetta, their hospitals for the sick and wounded. In 1768 the

Jesuits, having given much trouble, were expelled and their

property confiscated. Danger from rebellion twice threatened the

Knights—in 1722, when the slaves were believed to be in com-
munication with the Turks, and from 1773 to 1775, when both
people and priests were wrought upon by oiipression an^ mis-

government, which, only mitigated for a time by the better mea-
sures of G. M. Rohan, led to th-^ weak and disorganized condition
of the order that ended in its overthrow. In June 1798, tlie pos-

sessions of the order in France having already been seized by the
republicans, Bonaparte on his way to Egypt landed with a large

force in a bay behind Valetta; no resistance was made, and in a few
hours the French were in possession of the whole of Gozo and Malta
except the town of Valetta and one little fort. In four d.iys more,
without bombardment, the order had surrendered Valetta and
practically ceased to exist. Bonaparte stayed six days, laying
down laws and regulations with a high hand, and collecting plunder
from churches. &c. He left Vaubois in charge, but in less than
three months the Maltese had revolted from the tyranny of their

new masters, and Vaubois inside Valetta with 6000 men sustained
a siege and blockade lasting two years, during which time Portuguese,
Neapolitans, and a small force of English assisted the Maltese. Sir
Alexander Ball commanded in the name of the Sicilian king,
and was put at the head of their National Council by the Maltese.
On 4th September 1800 Vaubois surrendered, and the Maltese (who
lost 20,000 men) put themselves and their islands under the pro-
tection of the English,—reunion to the crown of Sicily, which they
had sought, being no longer thought of. The treaty of Amiens
(1802) provided that the islands should be restored to tho order of

St John, obviously to the adrautago of France, but repugnant to

the Maltese. AVar breaking out again, the islands remained in the

hands of England till in 1814 they were secured to her -by the

treaty of Paris (Art. 7), under whicli she still holds them.

See Kcnvick'8 Pficenida, 1855 ; A. A. Canuina's Jirparlx on Phanician and
liomnn AuliguUies in Malta, ISSl :md 1882 ; James Sinilli. Vryagt: and Shipw eck

of St Paul, 1866; It. Piil-us, Hicilia Sacra ; T. Kazello, Storia di Sict'ia. 18-13;

C. de Baz.mcomt.Misloire de la Sicile, 1S4G ; G. F. Abela. Malta Illusti-ata. 1772:
J, Quiiitin, Insula Mclitx dcscriplio, 153G ; G. W. von Stix-itbiirg, Reyse nacli der

Jnsel Malta, 1632; K. Gregolio, Cunsiderasioni sopra la Slorta di Sicilia, 1839;
F. A. C. Davalos. Tabhaa hutoriqm de Malte, 181G; W. Etmj, Auihtntic Mate-
rials for History of Malta, 1802 ; Houel, Voiiage Ptltoresqve, vol. iv., 1787 ; G.
P. Badger, Description of Malta and Gozo, 1868; G. N. Godwin. Guide to and
Natural history of Maltese Islands, 1880; Whitwoith Poller, History of Knitjhti

cf Malta, 18d8; A. Bigclow, Travels in Malta and Sicily, 1831 ; M. Miegc,
Hi^toire de Malte, 1840; Parliamentary Papers—repoils by Mr Rowsell on
"Taxation and E.xpcndituie of Malta," 1878, by Sir P. Julyan on '•Ci\il

Establishments," 1880, and Mi' Keenan on the '* F-ducalional System," 1880 (the

last two deal with the question of language); F. Vclla, Malttse Grammar for
the use of the Eng'ish, 1831 ; Malta Penny Magazine, 1839-41 ; J. T. Jlifsud,

Jliblioteca Maltese, 176L Biydone, Teo:ige, John Drydcn, jun., W. Tallack. Rev.

H. Seddall, Eoisgelin, Rev. W. K. R. Uedford, W. H. Barclctt, St Priest, Msgr.

Bres, and F. Lacroix have also ^vrittcn on Malta. For natural science, see the

works of Dr A. L. Adams, Professoi- E. Forbes, Cajitain Spratt, Dr G. Gulia, C.

A. Wright, and Woods Tourist's flora. CL. T. S.)

MALTE-BRUN, Conrad, a distinguished geographer,

was born August 12, 1755, at Thysted in Denmark, and

died at Paris, December 14, 1826. His real name was

Malte Conrad Bruun, and it was nut till he settled

in France that he became known by the more familiar

form. While a student at Copenhagen, he made himself

famous partly by his verses, but much more by the violence

of his political pamphleteering; and at length, in 1800,

the legal actions which the Government authorities had from

time to time instituted against him culminated in a

sentence of perpetual banishment. The principles which

he had advocated were those of the French Revolution,

and, though he at first sought asylum in Sweden, before

long he found his way to Paris. There he looked

forward to a political career ; but, when Napoleon's

personal ambition began to unfold itself, JIalte Brun was
bold enough to protest, and to turn elsewhere for employ-

ment and advancement. He was associated with Mentelle

and Herbin in the compilation of their Geogrcvphie

mathemaiique . . de toutes les parties du Monde (Paris,

1803-7, 16 vols.), and. before many years he was
recognized as one of the best geographers of France. He
is remembered, not only as the author of six volumes of

the learned Precis de yeographie nniverseUe, continued after

his death by other hands, but also as the originator of the

Aunales des Voyages (1808), and the principal founder of

the Geographical Society of Paris.

MALTHUS, Thomas Robert (1766-1834), the scientific

expounder of the principle of population, was born in

1766 at the Rookery, a small estate owned by his father

in the county rvf Surrey. His father was a gentleman of

good family and independent fortune,— a man of consider-

able culture both in literature and philosophy, the friend and

correspondent of P.uusseau, and one of his executors, one,

loo, who showed no little interest in those social problems

in which his son was to be an original inquirer. Young
Malthus was never sent to a public school, but received

his education from private tutors, who were themselves men

of some distinction. In 1784 he was sent to Cambridge,

where he was ninth wrangler, and became fellow of his

own college (Jesus) m 1797. The same year he received

orders, and undertook the charge of a small parish in

Surrey, still, however, retaining his fellowship. In the

following year he pnblished the first edition of his great

work, An Essay on the Principle of Papulation as it affects

the Future Improvement of Society, with remarks on the

speculations ofMr Godwin, M. Condorcet, and other uriters.

The work excited a good deal of surprise as well as

attention ; and with characteristic thoroughness and love

of truth the author went abroad to collect materials for the

verification and more exhaustive treatment of his views.

As Britain was then at war with France, only the northern

countries of Europe were quite open to his researt'h at

that time ; but during tho brief oeace of Amiens Malthus
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continued his investigations in France and Switzerland.

The result of these praiseworthy labours appeared in tho

greatly enlarged and more mature edition of his work,

which was published in 1803. In 1805 Malthus married

happily, and not long after was appointed professor of

modern history and political economy in ths East India

Company's College at Haileybury. This situation he

retained till hi^ death iu 1834. ^lalthus was one of the

most amiable, candid, and cultured of men. In all his

private relations he was not only without reproach, but

distinguished for the beauty of his character. He bore

the popular abuse and misrepresentation without the

slightest murmur or sourness of temper. The aim of his

inquiries was to promote the happiness of mankind, which

could be bett-er accomplished by pointing out the real

possibilities of progress than by indulging in vague dreams

of perfectibility apart from the actual facts which condition

human life.

Malthus's Es$ay on Population grew out of some discus-

sions which he had with his father respecting the perfecti-

bility .of society. His father shared the theories on that

subject of Condorcet and Godwin ; and his son combated
them on the ground that the realization of a happy society

will always be hindered by the miseries' consequent on the

tendency of population to increase faster than the means
of subsistence. His father was struck by the weight and
originality of his views, asked him to put them in writing,

and then recommended the publication of the manuscript.

It was in this way the Essay saw the light. Thus it will

be seen that both historically and philosophically the

doctrine of Malthus was a corrective reaction against the

superficial optimism diffused by the school of Eousseau.

It was the same optimism, with its easy methods of

regenerating society and its fatal blindness to the real

conditions that circumscribe human life, that was re-

sponsible for tho wild theories of the French Revolution

and many' of its consequent excesses.

The Essay on the Principle of Population will Ijest be considered
under two heads :—(1) the principle itself, with the arguments and
illustrations by which it is supported; and (2) remarks on its origin

and its applications.

I. The principle itself. The idea with which Malthus starts is

the improvement of society. In an inquiry eonceming tho im-
provement of society there are two things to be done,—(1) to

investigate the causes that have hitherto impeded the prom-ess of
mankind to happiness, and (2) to examine the probability of the total

or partial removal of these causes in future. Waiving the considera-

tion of such an immense field of thought, Maltlnis restricts him-
self to the examination of one great cause intimately connected
with human nature and its effects on society, which, though operat-

ing since the commencement of society, has been little noticed by
writers. This cause is the constant tendency in all animated life

to increase beyond the nourishment prepared for it. Throughout
both the animal and vegetable kingdoms, nature has scattered the
seeds of life abroad with the most profuse and liberal hand. Life

on this planet is so prolific that, if allowed free room to develop
itself, it would fill millions of worlds in the course of a few thousand
years. There is only one limit to tlie indefinite increase, and that

IS necessity. In plants and irrational animals, which are impelled
by blind instinct untroubled by doubts about providing for their off-

spring, the problem is simple ; in their case increase is checked
only by want of room and nourishment. As regards man, whose
equally powerful instinct is controlled by reason, the question is

more complicated. In his case, increase mU6t either be checked by
preventive restraint, which too frequently produces vice ; or a con-
stant check, from tho difficulty of acquiring food, must be in opera-

tion.

That population tends to increase beyond the means of subsist-.

ence is obvious in two ways,—(1) from a comparison of the natural
increase of population, if left to exert itself with perfect freedom,
with tho available increase of subsistence under the most favourable
conditions, and (2) from a review of the different states of society in
which man has existed. Under the first head, Malthus considers
it a safe calculation that population, when unchecked, goes on
doubling itself every twenty-five years. It has even been calcu-
lated that it may double itself in about thirteen years ; that pro-
portion has actually occurred for short periods in more countries
*ir '. one. Malthus, Howjver. contents himself with the more

moderate rate, namely, that jxjpulation, when unchecked, doubles
itself every twenty-five years, or increases in a geometrical ratio.

If 80, how is the rate of increase of the means of subsistence to be
estimated ? If we take a limited area, no improvement in develop-
ing the resources of tho soil will keep pace with the unchecked
increase of population. We may allow that, through the great
improvements of aCTiculturo in Great Britain, tho average produce
of the island could be doubled in the first twenty-five years ; but in

the next twenty-five it is impossible to suppose that the produce
could bo quadrupled. The utmost we can allow is that the pro-
duce might be increased every twenty-five years by a quantity
equal to what it at present yields. If we apply this supposition

to the whole earth, we shall assume an increase much greater th«n
any possible exertions of mankind could effect. On the whole,
then, in the present aver.tge state of the earth, the means of sub-
sistence could not bo made to increase faster than in an arithmeti-
cal ratio. With such a disproportion between the ratio of increase
of population and of the means of subsistence, population can be
kept down to the level of the means of subsistence only by the
strong law of necessity operating as a check on *he greater power.
In fact; the ultimate check to population is the want of food ; but
this ultimate check is never tho immediate check, except in cases

of actual famine. The immediate check consists of all those cus-

toms and all those diseases which are generated by a scarcity of

food, and all the causes independent of the scarcity which tend to
weaken and destroy the human frame. These checks are either
preventive or positive ; and the former consist either of moral
restraint or of vice, always so pernicious to society. The positive

checks are extremely various, including everything that contributes

to shorten the natural duration of human life. " Under this head
may be enumerated all unwholesome occupations, severe labour and
exposure to the seasons, extreme poverty, bad nursing of children,

large towns, excesses of all kinds, the whole train of common
diseases and epidemics, wars, plague, and famine." The checks of

all kinds maybe reduced to three heads—moral restraint, vice, and
misery. This theoretical exposition of the checks to population
'Malthus supports and illustrates by an exhaustive examination ol

the checks which have operated or still operate in the various

countries and states of society from the brutal and revolting

practices prevaleut among the savages of Tierra del Fuego and
Australia to the i"oral self-control of the highest nations. It is not

a pleasant picture, but it is merely a presentation of historical

and statistical facts for which Malthus is in no way responsible.

Throughout his entire exposition he does not theorize, but seeks

only to systematize and elucidate facts which cannot be contro-

verted, belonging as they do to the history of the world. The only
notable exception is his attempt to express in mathematical lan-

guage the possible increase of the means of subsistence. The con-
ditions determining such increase are too vague and various to be
calculated in such a way. On this point Malthus is not followed

by subsequent economists, and it is not essential to his principle.

At tho same time, iu spite of its unsoundness, it does help us to

realize the disproportion between the possible increase of population
and the means of subsistence.

II. What remains to be said of t'ho Essay on the Princijile of Popu-
lation may be embraced in the following notes. (1) Origin of tho
principle. The population question has always had a great influ-

ence on the development of mankind. In the most barbarous
nations the problem of preserving the balance between food and
population must always have been a pressing one, and has led to
some of their cruellest and most immoral customs. The more
theoretic consideration of the question h.os a large place in the
politiftil treatises of Plato and Aristotle. Just before Malthus's time
it had been touched by such writers as Benjamin Franklin {Olscr-

vations concerning the Increase of Mankind), Hume {Populousness

of the Ancient Nations), Wallace {On the Kumbcrs of Mankind in
Ancient and Modern Times), Townshend {Travels in Spain), nottd
mention many other modem writers of less recent date. (2) The
remedy for over-population usually proposed is emigration. No
doubt there are immense fertile areas yet unpeopled. But the diffi'

culty of transferring the surplus population, and especially of con-'

veyiiig surplus capital to these regions, and of co-ordinating the two,
is a point that must not be overlooked. In spito of the great de-
velopment of steam as a means of emigration, it remains a fact that
population tends to excess in many of the most impoi-tant centres

of the world. Besides, emigration is only a pcstponing of the diffi-

culty. In another century ei-cn the Mississippi valley will be well

stocked. (3) Rekition of Malthus to Darwin. In his bookvini'mn/i

and Plants under Domestication, vol. i. p. 10, Danvin expressly

acknowledges his indebtedness to Malthus in thinking out his

cardinal principle of natur.al selection.
,
After the study of

domestic productions had given him a just idea of tlic power cf

selection, he saw, " on reading Malthus Oft Population, that natural

selection was the inevitable result of the rapid increase of all organic

beings." (4) Poor-law reform. The reformed poor law of 1834 Wiis a
real triumph of Malthus's teaching. The effect of the old poor law
was to encourage population by relieving the labouring classes of
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fhe dae responsibility of supporting themselves and their fanlilies.

By discouraging foresiglit, self-control, and the spirit of self-reliant

indepeodence, it demoralized the working man. The great aim of

the new poor law was to emphasize the duty of self-support and tho
responsibilities of parentage. (5) Kclation to modern politics. Some
of tho greatest diliiculties in contemporary politics can be correctly

understood only in the light of the principle of population. The most
strikin? example of tliis is India, where, under the good government
of Engfand, tlie old and unhappy checks to population, such as war,

famine, pestilence, and religious self-immolation, have been removed.
As there has been no proportionate improvement in agriculture, and
in the etliical development of tho people, population has increased

beyond the means of subsistence, and there prevails a tendency to

chronic poverty, a very low standard of living, a general misery, and
an unsatisfactory social morale, which correspond Dadly with the high
European civilization under which such a state of things is main-
tained. (6) It is only due to the memory of a good man, who was a
sincere lover of truth and of the progress of humanity, that weshould
emphasize the fact that ilalthus is in no way respousiblo for the
immoral theories popularly connected with his name. Apart from
such increase in tne means of subsistence as may be attained by
emigration and improved agriculture, Malthus approved of only
one method of solving the population question, namely, moral sell-

restraint. His single precept is " Do not marry till you have a fair

prospect of supporting a family." The greatest and highest moral
result of his principle is that it clearly :nd emphatically teaches tho
responsibility of parentage, and declares the sin of those who
bring human beings into the world for whose physical, intellec-

tual, and moral wellbeing no satisfactory provision is made.
Besides his great work, Malt'ius wrote Observations on the Effect of the Com

Laws ; An Inquirtf into the Nature and Progress of Rent ; Principles of Political
Economy ; and Definitions in Political Economy. His views on rent were of real
Importance. For iiis life see itemoir by liis frienri Dr Otter, bishop of Chicliester
(prefixed to 2d edition, ISSti, of tlie Principles of Political Economy). (T. K.)

JIALTON, a parliamentary borough of Yorkshire, Enj,-

land, which includes Old Malton and New Malton in the

North Riding, and the pariah of Norton in the East Riding.

New Malton is situated oaan eminence on the right bank of

theDerwent, 22 miles north-east of York and 213 north of

London. Old Malton lies about a, mile to the north-east,

and a bridge across the river connects New Malton with
Norton. Now Malton, which is a market-town, consists of

several well-built streets radiating from the market-place.

The church of St Michael is a hne building in the Late
Norman style ; the church of St Leonard, of mixed archi-

tecture, with square tower and spire, has three Norman
arches and a Norman font ; the west doorway of the church
of St Mary at Old Malton is one of the finest specimens of

Norman in England. In Old Malton there is a grammar
school founded in 1547, and also the remains of a priory

ot Gilbertine canons, founded in 1150. New Malton
possesses a town-hall and a corn exchange. The town has
suite shipping trade, and also iron and brass foundries,

agricultural implement work.% corn mills, tanneries, and
breweries. In the neighbourhood there are lime and whin-
stone quarries. Tho population of the pnrliamentary

borough (area 6855 acres) in 1871 was 8168, and in 1881
it was 8750.

Malton was a Roman station, and various Eoman remains have
been found in the neighbourhood. " The old castle, built by the
Do Vescis in the time of the Normans, waa demolished by Henry
II. In tho reign of Stephen the town, while occupied by the Scots,
was burned down by Thurston, archbishop of York, and on being
rebuilt it was named New Malton. The borough sent members to
parliament as early as the reign of Edward I., but for some ye,ais

previous to 1640 tho privilege was in abeyance. Since 1868 only
one member has been returned.

MALTZAN,Heineich K. E. H. Freihere [Baeon] von
(1826-1874), African and Oriental traveller, was born in tho
vicinity of Dresden, and studied law at Jena, but on account
of ill-health spent much of his time from 1850 in travel.

Succeeding to his father's property in 1852, he extended
the range ot his journeys to Morocco and other parts of the
ilaghrib, and before his return homo in 1854 had also

visited Egypt, Palestine, and other countries of the Levant.
In 1856-57 ho was again in Algeria ; in 1858 ho reached
tha city of Morocco; and in 1860 he succeeded in per-

forming the pilgrimage to Mecca, which ho afterwards

aescribed in liis book 3/eine Wall/akrl nach Mecca, but
had to flee for his life to Jeddah without visiting Medina.
He then visited Aden and Bombay, and after some two
years of study in Europe again began to wander-through
the coasts and islands of the Mediterranean, repeatedly
visiting Algeria. His first book of travel. Three Years in
the North West ofAfrica, appeared in 1 863, and was followed
by a variety of works and essays, popular and scientific,

till a little before his death at Pisa in 1874, when he put
an end with his own hand to neuralgic pains whicb had
tortured him for years.

Maltzan's last book, Rei.v m Arabien (1873), is one of his most
useful contributions. It contains, like bis other works, some lively
description, but is chiefly valuable as a digest of much information
about little-known parts of South Arabia collected from natives
during a residence at Aden in 1870-71. Among his other services
to science must be noticed his collection of Punic inscriptions {Reiid
in. Tunis mid Tripolis, 3 vols., Leipsic, 1870), various collections
on Arabic dialects {Z. D. M. G., various dates), and the editing ot
Von Wrcde's remarkable jouiney in Hadramaut (1873).

MALUS, firiENNE Louis (1775-1812), the discoverer
of the laws of the polarization of light by reflexion, bom
at Paris on the 23d of June 1775, was the son of Anne
Louis Malus du Mitry, and of Louisa Charlotte Desboves,
his wife. His father, who had a place in the treasury of

France, gave him at home an excellent education in

mathematics and in the fine arts, as well as in classical

literature, and he then studied with distinction in the
school of military engineers; but, being regarded as a
suspected person, probably on account of the situation

held by his father, he was dismissed from the school without
receiving a commission, and obliged to enter the army as

a private soldier. Being employed upon the fortifications

of Dunkirk, he was soon distinguished by. M. Lep^re, the
director of the works, as superior to his accidental situation,

and wa.s selected as a member of tlie l!;cole Polytechniquo
then to be established under Monge, who immediately
chose him as one of the twenty who were to be instructors

of the rest. In'this institution, which at that moment was
the only refuge of the sciences in France, he passed threo

years, giving special attention to the mathematical theory

of optics. From the l^lcole he was admitted into the corps

of engineers, and served in the army of the Sambre and
Meuse ; he was present at the passage of the Rhine ia

1797, and at tho affairs of Ukratz and Altenkirch. "In
Germany he fell in love with the daughter of Koch,
the chancellor of the university of Giessen ; and Le was
on the point of marrying her witen he was obliged to join

the Egyptian expedition. He remained in the East, and
saw much service till the capitulation with the English,

when he returned to France (October 1801), and hastened

to Germany to fulfil his engagement. His fidelity was
rewarded, during the eleven years that he survived, by the

most constant and afifectionata attention on the part of his

wife.

Though his health waa much broken by the eastern

campaign, Malus was still able to combine the pursuit of

his favourite sciences with his official duties in superin-

tending the construction of works at Antwerp and at

Strasburg ; and upon occasion of a priza^juestion proposed

by the Institute he undertook the investigation of the

extraordinary refraction of Iceland crystal, which the

experiments of Dr Wollaston had previously shown to

agree very accurately with the laws laid down by
Huygcns ; and, besides completely confirming all Wollas-

ton's results, h6 had the good fortune greatly to extend

the Huygenian discovery of the peculiar modification

of light produced by the action of such crystals, which
Newton had distinguished by the name "polarity," and
which Malus now found to be produced in s variety of

circumstances, independently of the action o( crystallized
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bodies. It seems natural to suppose that the iuvestigatiou

of the laws of the iuternal reflexion of light at the second

surface of the crystals must have led him to the discovery

of the effects of oblique reflexion in other circumstances;

but, according to Biot, Malus's first observation of polariza-

tion by reflexion was diie to the accident that he chanced

to look through a quartz crystal at the image of the sun

reflected from the windows of the Luxembourg. The
Value of his discovery was acknowledged by his election

&s a member of the Institute, by the award of the Rum-
ford medal of the Royal Society of London, and by military

promotion. Mains died on the 24th of February 1812,

liniversally regretted by the lovers of science in all

countries, and deeply lamented, by his colleagues, who
said of him, as Newton did of Cotes, that if his life had
been prolonged we should at last ''have known some-

thing " of the laws of nature.

Malus's first publication appears to luve icea a paper "On an
unknown Branch of the Nile," ia the first volume of the DimdA
Bgyptv-nnc. A mathematical " Traite li'Optiiiuc," presented to the

Institute before the completion of liis experiments on double refrac-

tion, was published in the Mimoires pr. a I'lnstitiit, vol. ii., Paris,

1810. His more important discoveries were first made known ia

the second volume of the Mimoircs d'Arcucil, Paris, 1809, 8vo ; and
again, in the "Theory of Double Kefraotion," Mem. jir. a Vlnst.,

col. ii., a paper which obtained a prize on the 2d of .January 1810.

See Delarabre, M. Inst., 1816, p. x-vii. ; Biot, in Biograjphie

Univcrselle, sxvi., Paris 1820.

MALVASIA (from the Greek Jfonemhasia, i.e, the

city of the single approach or entrance ; the Italian

N'apoli di Malcasid, the Turkish Mengtshe or Btneshc),

one of the principal fortresses and commercial centres of

the Levant during the Middle Ages, still represented by

1 considerable mass of ruios and a town of about 1000

inhabitants, stood on the east coast of the Morea, contigu-

ous to the site of the ancient Epidaurus Limera, of which

it took the place. So extensive was its trade in wine that

the name of the place became familiar throughout Europe

is the distinctive appellation of a special kind—the Italian

Malvasia, S))anish ilalvagia, French JIalvoisie, English

Malvesie or Malmsey. The 'wine was not of local growth,

but came for the most part from Tenos and others of the

Cyclades.

As a fortress Malvasia played an important part in the struggles

between Byzantium, Venice, and Turkey. The Byzantine emperors

considered it one of their most valuable posts in the Jlorea, and
rewarded its inhabitants for their fidelity by unusual privileges.

Phrantzes (lib. iv. cap. xvi.) tells how Mauricius Tiberius made
the city (previously dependent in ecclesiastical matters on Corinth)

t metropolis or archbishop's see, and how Alexius Comnenus, and
more especially Andronicus Palteologus, gave the Monembasiotes
freedom from all sorts of exactions throughout the empire. In

1147 Malvasia bade defiance totho Normans, and in 1205 obliged

Villehardouin, after a four years' siege, to swear to preserve its

liberties and privileges (Fallmerayer, i. pp. 408-409). It was
ilefended against the Turks by Manuel Palteologus in 1460. In

1689 it was the only town of the Morea which held out against

Morosini, and Coruaro his successor only succeeded in reducing it

ty famine. Ia 1715 it capitDlated to the Turks, and on the failure

ef the iasuirectiou of 1770 the loading familios were scattered

abroad. As the first fortress which fell iuto the hands of the

Creeks in 1821, it became in the following year the seat of the
first national assembly.
' See Curtlus, Peioponnesfis, ii. pp 293 and 32S ; Castellan, Letires sur ta Jlfor^e

<180S) fM- a plan ; and Valieio, Jlist. delta ffuc/Ta di Candia (Venice, IGJiJ) for
flctails as tn ttic fortress.

MALVERN, Gkeat, a watering-place of Worcestershire,

England, beautifully situated ou the eastern slope of the

Jl^lvern hills, 8 miles south-west by south of Worcester,

n'nd 120 north-west by west of London. The town is

trregiilarly built, but there are many villas, and on account
of its fine situation in the centre of the Chase of Malvern,
its pure air, and its chalybeate and bituminous springs,

it is much frequented by summer visitors. At Malvern
ii hermitage was endowed by Edward the Confessor,
which after the Conquest was changed into a Bene-

dictine priory. Of tliB buildings, wliich date from lOSSj
there still remain the abbey gate, and also the church
(partly rebuilt in the reign of Henry VII., and restored

since 1801), a very fine structure, Norman and Perpen-
dicular, with square embattled tower. There is a proprie-

tary college, founded in 1863. At Little Malvern, about
3 miles south of Great Malvern, there was a Benedictine

priory, founded in 1171, upon the site of which the dwell-

ing-house of JIalvern Court has been e'^ected, preserving

the tower and chancel of the old priory church. At Mab
vern Wells, 2 miles south of Malvern, is the celebrated
" Holy Well," the water of which is of perfect purity.

The population of Malvern in 1871 was 5C93, and in

1881 it was 5847.

JL4LWA, an historical province of Central India,

roughly coextensive with the western portion of the

Central India agency, is bounded on the N. by Hindustan
Proper, on the E. by Bundelkhand, on the S. by the

Deccan, and on the W. by RAjput4na. It consists of an
upland region, with many fertile valleys, included within

the main rivers of the Ganges, the S6n, the Chambal, and
the Nerbudda. In prehistoric times the capital was
the ancient city of Ujain (Oojein), associated in Hindu
legend with the great king Vikramdditya, the date of whose
accession (57 b.c.) has given the "Samvaf'era to all India.

The Mohammedan chronicler Ferishta describes Mdlwi
as the kingdom of an independent rAjii, when Mahmiid of

Ghazni invaded India in the beginning of the 11th century.

It appears ' to have first fallen into the hands of the
Moslems about 1309, during the reign of the Delhi
emperor Ala-ud-din. When the Tughlak dynasty was
weakened by the repeated attacks of the Mughals, their

viceroy in M41wa succeeded in establishing his independ-

ence. The first Moslem king of Malw;l was DilAwar
Kh.-ln Ghori, of Afghdn origin, who ruled from 1387 to

1405, and placed his capital at Mandu. He was succeeded

by his son Hoshang Ghori, to whom are attributed most
of the magnificent ruins still to be seen at Mandu, la
1526 the Ghori dynasty came to an end, being overthrowa
by Bahddur Shdh of Guzerit; and in 1570 MAlwi was,

on the conquest of Guzerdt by the emperor Akbar, incor-

porated in the Mughal dominions. On the decay of the

Delhi empire in the 18th century, MAlwi was one of tiie

first provinces to be overrun by the Mahrattas. In 1737
the peshwA exacted chauth or one-fourth of the revenue,

and at a later date the two great military chiefs Sindhia

and Holkar carved out for themselves kingdoms, which
their descendants still retain. But the Mahrattas set up
no organized government, so that MAlwA, besides its native

population of pi-edatory Bhils, became the refuge of all the

mercenary bandits of the peninsula. In the beginning of

the present century, the depredations of these bandits or

Pindaris led to what is sometimes known as the fourth

Mahratta war of 1817, under .the governor-generalship of

Lord Hastings. As the result, the PiudArls were
extirpated; and under the rule of Sir John Malcolm the

Bhils were tamed, and the jungles were cleared of wild

beasts. Many of the Bhils have been enlisted as British

soldiers; and the headquarters of the Milwi Bhll

corps is at Sarddrpur. At the present day MAlwA is

best known as giving its name to the opium which is

annually exported from Bombay to the amount of about

37,000 chests.

MAJIELUKE, a corruption of the Arabic MamMk
{Memlooh), a slave. The name of Mamelukes has passed

into history from the body-guard of Turkish slaves first

formed in Egypt under the successors of Saladin, wlu»

ultimately usurped the supreme power. For the history

of the Mameluke sultans and Mameluke beys, see Egypt,
vol. vii. p. 755 s^.y
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MAMMALIA.
MAMMAXIA (Freuclj, Mammiferes ; German, Sduge-

thiert) is the name invented by Liniiteus (from the

Latin, mamma), and now commonly used by zoologists,

for one of the classes of vertebrated animals, which,

though the best known and undoubtedly the most im-

portant group of the auimal kingdom, has never received

any generally accepted vernacular designation in our

language. The unity of structure of the animals compos-

ing this class, and tlieir definite demarcation from other

vertebrates, were not recognized until comparatively

modern times, and hence no word was thought of to desig-

nate what zoologists now term a mammal. The nearest

equivalents in common use are " beist" and "quadruped,'"

both of which, however, cover a different ground, as they

are often used to include the larger four-footed reptiles,

and to exclude certain undoubted mammals, as Man, Bats,

and Whales.

The limits of the class as now understood by zoologists

are perfectly well defined, and, although certain forms still

esisting on the earth (though not those mentioned above

as e;tcluded by the popular idea) are of exceedingly aberrant

structure, exhibiting several well marked characters which

connect them with the lower vertebrated groups, common
consent retains them in the class with which Jhe great

proportion of their characters ally them, and hitherto no

traces of any species showing still more divergent or tran-

sitional characters have been discovered. There ia thus a

great interval, not bridged over by any known forms,

recent or extinct, between mammals and other vertebrates.

In the gradual order of evolution of living beings,

mammals taken altogether are certainly the highest in

organization, as they were probably the last to appear on
the earth's surface, though this must be said with some
reservation, pending further knowledge of the early history

of the class of birds. But, as in speaking of all other

large and greatly differentiated groups, this expression

must not be understood in too limited a sense. The
tendency to gradual perfection for their particular station

in life, which all groups manifest, leads to various lines of

specialization, or divergence from the common or general

type, which may or may not take the direction of elevation.

A too complex and sensitive condition of organization may
in some circumstances of life be disadvantageous, and
modification may then take place in a retrograde direction.

In mammals, as in other classes, there are low forms as

well as high forms, but by any tests that can be applied,

especially those based on the state of development of the

central nervous system, it will be seen that the average

exceeds the average of any other class, that many toecies

of this class far excel those of any other in perfection of

structure, and that it contains one form which is unques-

tionably the culminating point yet arrived at amongst
organized beings.

With regard to the time of the first appearance of

mammals upon the earth, the geological record is provok-

ingly imperfect. At the comniencenicut of the Tertiary

period they were abundant, "and already modified into

most of the leading types at present existing. It was at

one time thought that they first came into being at this

date, but the discovery of fragments of numerous small

species has revealed the existence of some forms of t!ic

class at various periods throughout almost the whole of

the age of the deposition of the Secondary rocks. This
subject will be reverted to later on.

It hardly need be said that mammals are vertebrated

onimals, and possess all the characteristics common to the

members of that division of the animal kingdom. They
are separated from the Ichthyopsida (fishes and amphibia)

and agree with the Sauropsida (reptiles and birds) in the

possession during their development of an amnion and
allantois, and in never having external branchiae or gills.

They differ from reptiles and resemble birds in being

warm-blooded, and having a heart with four cavities and a

complete double circulation. They differ from both birds

and reptiles in the red corpuscles of the blood being

nucleated and, with very few exceptions, circular in out-

line ; in the lungs being freely suspended in a thoracic

cavity, separated from the abdomen by a complete muscular

partition, tho diaphragm, which is the principal agent ir;

inflating the lu'ugs in respiration ; in having but one aortic

arch, which curves over the left bronchus; in the skin

being more or less clothed with hair, and never witl

feathers; in the greater perfection of the commissural

system of the cerebral hemispheres, which has either s

complete corpus callosum, or an incomplete one associated

with a very large anterior commissure ; in having no

syrinx or inferior vocal organ, but a complete larynx at

the upper end of the trachea ; in having a mandible oi

which each ramus (except in very early developmental

conditions) consists of a single bone on each side, articulat-

ing to the squamosal, without the intervention of a quadrate

bone ; in having a pair of laterally placed occipital con-

dyles instead of one median one; and in the very obvious

character of the female being provided with mammary
glands, by the secretion of which the young (produced alive

and not by means of externally hatched eggs) are nourished

for some time after birth.

In common with all vertebrated animals, mammals have

never more than two pairs of Ijmbs. In the great majority

of the class both are well-developed and functional, and

adapted for terrestrial progression, as the larger numbei

of mammals live ordinarily on the surface of the earth.

They are, however, by no means limited to this situation.

Some species spend the greater part of their lives beneath

the surface, their fore limbs being specially modified for

burrowing; others are habitually arboreal, their limbs being

fitted for climbing or hanging to boughs of trees ; some are

as aerial as birds, the fore limbs being developed into wings

of a special character ; others are as aquatic as fishes, the

limbs assuming the form of fins or paddles. In many of

the latter the hinder extremities are either completely

suppressed, or present only in a rudimentary state. Id

no known mammal are the fore limbs absent.

The hinder extremity of the axis of the body is usually

prolonged into a tail, which may be a mere pendent

appendage, or modified to perform various functions, as

grasping boughs in climbing, or even gathering food, in thf

case of the prehensile-tailed Monkeys and Opossums,

swimming in tho Cetacea, and acting as a flap to drivt

away troublesome insects ifrom the skin in the Ungxdata.

GENERAL ANATOMICAL CHARACTERS OF THE
MAMJIALIA.

Tegumentary Structitres.^

The external surface of the greater number of memoers

of tho class is thickly clothed with a peculiarly modified

form of epidermis, commgnly called hair. This consists

of hard, elongated, slender, cylindrical or tapering, filiform,

unbranchcA masses of epidermic material, grawing from a
short papilla sunk at the bottom of a follicle in the derm
or true skin. Such hairs upon diff'erent parts of the saoid
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animal, or upon different animals, assume various forms,

and are of various sizrs and degrees of rigidity,—as seen

in the delicate soft velvety fur cf the Mole, the stiff

bristles of the Pig, and the spines of the Hedgehog
and Porcupine, all modifications of the same structures.

These differences arise mainly from the different arrange-

ment of the constituent elements into which the epithelial

cells are modified. Each hair is composed usually of a

cellular pithy internal portion, containing much air, and a

denser or more horny cortical part. In some animals, as

Deer, the substance of the hair is almost entirely composed

of the medullary or cellular substance, and it is conse-

quently very easily broken ; in others the horny part pre-

vails almost exclusively, as in the bristles of the Wild
Boar. In the Three-toed Sloth {Bradypus) the hairs liave

a central horny axis and a pithy exterior. Though gene-

rally nearly smooth, or- but slightly scaly, the surface of

some hairs is strongly imbricated, notably 30 iu some Bats,

while in the Two-toed Sloth (Cholcxpus) they are longi-

tudinally grooved or fluted. Though usually more or less

cylindrical or circular in section, they are often elliptical

or flattened, as in the curly-haired races of men, the

terminal portion of the hair of Moles and Shrews, and
conspicuously in the spines of the Rodents Xerus and
Platacaiitkomys. Hair ha»fing a property of mutual
cohesion or "felting," which depends upon a roughened,

scaly surface and a tendency to curl, as in domestic Sheep
(In which animals this property has been especially culti-

vated by selective breeding), is called " wool."

In a large number of mammals hairs of one kind only

are scattered pretty evenly over the surface, but in many
there ace two kinds, one longer, stiffer, and alone appear-

ing on the surface, and the other shorter, finer, and softer,

constituting' the tinder fur, analogous to the down of birds.

In most ca!?e5 hairs of a different character from those of the

general surface grow in special regions, forming ridges or

tufts on the median dorsal or ventral surface or elsewhere.

The tail is very often completed in this way by variously

disposed elongated hairs. The margins of the eyelids are

.

almost always furnished with a special row of stiffish hairs,

called cilisi or eyelashes, and in most mammals specially

modified hairs, constituting the vibrissa or whiskers,

endowed, through the abundant nerve supply of their

basal papillae, with special tactile powers, grow from the

lips and cheeks. In some mammals the hairy covering is

partial and limited to particular regions ; in others, as the

Hippopotamus and the Sij-eiiia, though scattered over the

whole surface, it is extremely short and scanty ; but in

none is it reduced to so great an extent as in the Cdacea,

in which it is limited to a few small bristles confined to

the neighbourhood of the lips and nostrils, and often only

present in the young or even fcctil condition.

Some kinds of hairs, as those of the mane and tail of the

Horse, appear to persist throughout the life-time of the

nnimal; but more generally, as in the c^ise of the body hair

of the same animal, they are shed and renewed periodically,

generally annually. Many mammals have a longer hairy

coat in winter, which is shed as summer comes on ; and
some few, which inhabit countries covered in winter with

snow, as the Arctic Fox, Variable Hare, and Ermine,
undergo a complete change of colour in the two seasons,

being white in winter, and grey or brown in summer. The
several species of Cape Mole {Chrysochloris), the Desmans
or Water Moles {Myogah), and Potamoffale veloj: are

remarkable as being the only mammals whose hair reflects

those iridescent tints so common in the feathers of tropical

birds.

The principal and most obvious purpose of the hairy
covering is to protect the skin against external influences,

especially cold and damp. Its function in the hairless

Cetacea is supplied by the specially modified and thickene«l

layer of adipose tissue beneath the skin called " blubber."

True scales, or flat imbricated plates of horny material,

covering the greater part of the body, so frequently occur-

ring in reptiles, are found in one family only of mammals,
the Manidx or Pangolins ; but these are also associated

with hairs growing from the intervals between the scales or

on the parts of the skin not covered by them. Similarly

imbricated epidermic productions form the covering of the

under snrface of the tail of the flying Rodents of the genus

Anovudums ; and flat scutes, with the edges in apposition,

and not overlaid, clothe both surfaces of the tail of the

Beaver, Eats, and others of the same order, and also of

some Insectivores and Marsupials. The Armadillos alone

have an ossified exoskeleton, composed of pktes of true

bony tissue, developed in the derm or corium, and covered

withscntes of horny epidermis. Other epidermic appendages

are the horns of Ruminants and Rhinoceroses,— the former

being elongated,tapering, hollow caps of hardened epidermis

of fibrillated structure, fitting on and growing from coni-

cal projections of the frontal bone, and always arranged

in pairs, while the latter are of similar structure, but

without any internal bony support, and situated in the

median line. Callosities, or bare patches covered with

hardened and thickened epidermis, are found over the

ischial tuberosities of many apes, the sternum of camels,

on the inner side of the limbs of the Equidx, the grasping

under surface of the tail of prehensile-tailed monkeys, &c
The greater part of the skin of both species of one-horned

Asiatic Rhinoceros is immensely thickened and stiffened by
increase of the tissue both of the detm and epiderm, co»-

stituting the well known jointed "armour-plated" hide of

those animals.

With very few exceptions, the terminal extremities of

the digits of both limbs are more or less protected or armed
by epidermic plates or sheaths, constituting the various

forms of .-lails, claws, or hoofs. These are wanting in the

Cetacea alone. A perforated spur, with a special secreting

gland in connexion with it, is found attached to the hind
leg of the males of the two species of Monotremata, the

Oriiilhorhynchus and Echidna.

Besides the universally distributed sebaceous gianJ*

connected with the pilose system, most mammals have

special glands situated in modified portions of the integu-

ment, often involuted to form a shallow recess or a deep

sac with a narrow opening, situated in various parts of the

surface of the body, and which secrete odorous substances,

by the aid of which individuals apper.r to recognize one

another, and which probably afford the principal means by
which wild animals are able to become aware of the pre-

sence of other members of the species, even at great dis-

tances. Although the commencement of the modifications

of portions of the external covering for the formation of

special secretions maybe at present difiicult to understand,

the principle of natural selection will readily explain how
such organs can become fixed and gradually increase in

development in any species, especially as there would
probably be a corresponding modification and increased

sensibility of the olfactory organs. Such individuals as

by the intensity and peculiarity of their scent had greater

power of attracting the opposite sex would certainly be
those most likely to leave descendants to inherit and in

their turn propagate the modification.

To this group of structures belong the suborbital gland

or "crumen" of Antelopes and Deer, the frontal gland of

the Muntjak and of Bats of the genus Phyllorhina, the

submental gland of the Chevrotains and of Taphozo^is and

some other Bats, the post-auditory follicle of the Chamois,

the temporal gland of the Elephant, the lateral glands of the

Musk-Slirew, the lumbar gland of the Peccary, the inguinal
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glands of Aiitelnpes, the preputial glands of the Jlusk Deer

and Beaver (buth so well known for the 'ise made of their

powerfully odorous secretion in medicine and perfumery)

and also of the Swine and Hare, the anal glands of Car-

nivora, the perineal gland of the Civet (also of commercial

value), the caudal glands of the Fox and Goat, the gland

on the humeral membrane of Bats of the genus l^accoptenjx,

the post-digital glaud of the Rhinoceros, the jnter-digital

glands of the Sheep and many Ruminants, and numerous

others. In some of these cases the glands are peculiar to,

or more largely developed in, the male ; in others they are

found equally developed in both sexes.

Dental System.

The dental system of mammals may be considered rather

more in detail than space permits for some other portions

of their structure, both on account of the important part it

plays in the economy of the animals of this class, and of its

interest to zoologists as an aid in classification and identi-

fication of species. Owing to the imperishable nature of

their tissues, teeth are preserved for an indefinite time,

and in the case of extinct species often offer the only

indications available from which to derive an idea of the

characters, affinities, and habits of the animal to which they

luve belonged. Hence even their smallest modifications

liave received great attention from comparative anatomists,

and they have formed the sub'ect of many special mono-
graphs.i

Teeth are present in nearly all mammals, and are applied

to various purposes. They are, however, mainly subserv-

ient to the function of alimentation, being used either in

procuring food by seizing and killing living prey or gather-

ing and biting off portions of vegetable material, and more
indirectly in tearing or cutting through the hard protective

coverings of food substances, as the husks and shells of

nuts, or in pounding, crushing, or otherwise mechanically

dividing the solid materials be/ore swallowing, so as to

prepare them for digestion in the stomach. Certain teeth

are also in many animals most cfiicient weapons of offence

and defence, and for this purpose aloue, quite irrespective

of subserviency to the digestive process, are they developed

in the male sex of many herbivorous animals, in the females

of which they are absent or rudimentary.

Teeth belong essentially to the tegumentary or dermal

system of organs, and, as is well seen in the lower vertebrates,

pa?s by almost insensible gradations into the hardened

spines and scutes formed upon the integument covering the

outer surface of the body, but in mammals they are moro
specialized in structure and limited in locality. In this

class they are developed only in the gums or fibro-mucous

membrane covering tho alveolar borders of the upper and
lower jaw or the premaxillary and maxillary bones and the

mandible. In tho process of development, for the purpose

of giving them that support which is needful for the per-

formance of their functions, they almost always become
implanted in the bone,—the osseous tissue growing up and
moulding itself around the lengthening root of tho tooth,

so that ultimately they become apparently parts of tho

siccleton. In no mammal, however, does ankylosis or bony
union between the tooth and jaw normally take place, as

in many fishes and reptiles,— a vascular layer of connectivo

tissue, tho alveolodental membrane, always iiitervening.-

' L. F. E. Rousseau, Anatomic comparle dii /^•/stime Dentairc chcz

tHomme el chez les priucipaitx Ammaiac, 2J Cil. 1839; F. Cuvier, Dcs
Dents de$ Mammiferes considerles comine caractires zoohyiqtieSf 1S22-
2.')

; R. Owen, Odontographij, 1840-45 ; C. G. Giebcl, Odontu-
graphie, 1855; C. S. Tomes, Manual of Dental Anatomy, Human
and Comparative, 2d ed., 1882.

' Tho lower incisors of some species of Sliruws arc, however, said to

become inkyloscd to the jaw ia adult ago.

The presence of two or more roots, frequently met with in

mammals, implanted into ct)rresponding distinct sockets of

the jaw, is peculiar to animals of this class.

The greater number of mammalian teeth when fully

formed are not simple and homogeneous iu structure,

but are composed of several distinct tissues.

1. Ihcpu/p, a soft substance, consisting of a very delicate

gelatinous connective tissue, in which numerous cells are

imbedded, and abundantly supplied with blood-vessels and
nerves, constitutes the central axis of all the basal part of

the tooth, and affords the means by which the vitality of

the whole is preserved. The nerves' which pass into the

pulp and endow the tooth with sensibility are branches of

tlis fifth pair of cranial nerves. The pulp occupies a larger

relative space, and performs a more important purpose in

the young growing tooth than afterwards, as by the calci-

fication and conversion of its outer layers the principal

hard constituent of the tooth, the dentine, is formed. In

teeth which have ceased to grow the pulp occupies a (jom-

])aratiyely small space, which in the dried tooth is called

the pulp cavity. This communicates with the external

surface of the tooth by a small aperture at the apex of tho

root, through which the branches of blood-vessels and
nerves, by which the tooth receives its nutrition and sensi-

tiveness, pass in to bo distributed in the pulp. In grow-

ing teeth the pulp cavity is widely open below, while in

advanced age it often becomes obliterated, and the pulp

itself entirely converted into bone-like material.

2, The dentine or ivory forms the principal constituent of Dentine,

the greater number of teeth. AVhen developed in its most
characteristic form, it is a very hard but elastic substance,

white, with a yelloNvish tinge, and slightly translucent. It

consists of an organic matrix, something like but not

identical with that of bone, richly impregnated with

calcareous salts (chiefly phosphate of lime), these constitut-

ing in a fresh human tooth 72 per cent, of its weight. Wlien

subjected to microscopical examination it is seen to 1)0

everywhere permeated by nearly parallel branching tubes

which run, in a slightly curving or wavy manner, in a

general direction from tiie centre towards the free surface

of the tooth. These tubes communicate by open mouths

with the pulp cavity, and terminate usually near the

periphery of the dentine, by closed ends or loops, tliough

in Marsupials and certain other mammals 'they penetrato

into the enamel. They arc occupied in the living tooth

by soft gelatinous fibrils connected with the cells of the

pulp. A variety of dentine, permeated by canals con-

taining blood-vessels, met with commonly iu fishes and iu

some iiVf mammals, as the Mcgatlierium, is called vaso-

deutine. Other modifications of this tissue occasionally

met with are called osteo-dentine and secondary dentine,

—

the latter being a dentine of irregular structure which often

fills up the pulp cavity of old animals.

3. The enamel constitiites a thin investing layer, com-

plete or partial, of the outer or exposed and working

surface of the dentine of the crown of the teeth of most

mammals. This is tho hardest tissue met with in the

animal body, containing from 95 to 97 per cent, of mineral

substances (chiefly phosphate and some carbonate of lime,

with traces of fluoride of calcium). Its ultimate structuio

consists of prismatic fibres, placed generally with their

long axes at right angles to the free surface of the tooth.

Enamel is easily distinguished from dentine with the naked

eye, by its clear, bluish-white, translucent appearance.

4, The cementum or criista pdrosa is always the most

externally placed of the hard tissues of which teeth are

composed, as will bo understood when tho mode of develop-

ment of these organs is considered. It is often only found

as a thin layer upon tho surfaeo of the root, but sometimes,

as in the complex-crowued molar teeth of the Horse aud
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Slephant, it is a structure which plays a. very impurtant

^art, covering and tilling in the interstices between the

'olds of the enamel. In appearance, histological structure,

knd chemical composition it is closely allied to osseous

'.issue, containing lacunas and canaliculi, though only when
t is of considerable thickness are Haversian cinals present

a it.

Devetcpment ofthe Teeth.—The two principal constituents

if the teeth, the dentine and the enamel, are developed

trom the two layers of the buccal mucous membrane, the

lentine from the submucous, the enamel from the epithelial

layer. The latter dips down into the substance of the gum,
and forms the enamel organ or germ, the first rudiment of

the future tooth, which is constantly present even in those

nnimals in which the enamel is not found as a constituent

?f the perfectly-formed tooth. Below the mass of epithelial

iells thus embedded in the substance of the gum, and re-

maining connected by a narrow neck of similar structure

with the epithelium of the surface, a portion of the vascular

submucous areolar tissue becomes gradually separated and
Jefined from that which surrounds it, and a.ssumes a distinct

form, which is that of the crown of the future tooth,—

a

single cone in the case of simple teeth, or with two or more
eminences in the complex forms. This is called the dental

papilla or dentine germ, and by the gradual conversion of

lis tls^ae into dentine the bulk of the future tooth is

formed, the uncalcified centr.al portion remaining as the

pulp. The conversion of the papilla into hard tissae com-
jnences at the outer surface of the apex, and gradually

proceeds downwards and inwards, so that the form of the

papilla exactly determines the form of the future dentine,

and no alteration either in shape or oize of this portion of

the tooth, when once calcified, can take place by addition

to its outer surface. In the meanwhile calcification of

portion of the cells of the enamel organ, which adapts itself

like a cap round the top of the dentinal papilla, and has

assumed a somewhat complex structure, results in the

formation of the enamel coating of tlie crown of the tooth.

While these changes are taking place the tissues immediately
surrounding the tooth germ become condensed and differen-

tiated into a capsule, which appears to grow up from the

Lisa of the dental papilla, and encloses both this and the

enamel germ, constituting the follicle or tooth sac l!y

the ossification of the inner layer of this follicle, the

ccmentum is formed. This substance therefore, unlike

the dentine, increases from within outwards, and its

growth may therefore be the cause of considerable modi-

fication of form and enlargement, especially of the roots,

of certain teeth, as those of Seals and some Cetacea. The
delicate homogeneous layer which coats the enamel surface

of newly-formed teeth, in which cementum is not found
in the adult state, and known as Nasmyth's membrane, is

considered by Tomes as probably a film of this substance,

too thin to exhibit its characteristic structure, though by
others it is believed to be derived from the external layer

of the enamel organ. The homology of the teeth with the

dermal appendages, hairs, scales, and claws has already

been alluded to, and it will now be seen that in both cases

two of the primary embryonic layers are concerned in their

development, the mesoblast and epiblast, although in very
dififerent proportions. In the hair or nail the part derived

from the epiblast forms the principal bulk of the organ, the

mesoblast only constituting the papilla or matrix. In the
tooth the epiblastic portion is limited to the enamel, always
of relatively small bulk and often absent, while the dentine

(the principal constituent of the tooth) and the cementum
are formed from the mesoblast.

"When more than one set of teeth occur in mammals,
those of the second set are developed in a precisely simikr
.danner to the first, but the enamel germ, instead of beine

derived directly from an independent part of the o>%t

epithelium, is formed from a budding out of the neck of

the germ of the tooth succeeded. In the case of the true

molars which have no predecessors, the germ of the first

has an independent origin, but that of the others is derived

from the ueck of the germ of the tooth preceding it in tho

series. The foundations of the permanent toeth are thus

laid as it were almost simultaneously with those of their

predecessors,'although they remain in many cases for years

before they are developed into functional activity.

Although the commencement of the formation of teeth

takes place at an early period of embryonic life, they arff

in nearly all mammals still concealed bene.ith the gum at

the time of birth. The period of eruption, or " cutting
"

of the teeth as it is called, that is, their piercing through

and rising above the surface of the mucous membrane,
varies much in different species. In some, as Seals, the

whole series of teeth appear almost simultaneously ; but
more often there are considerable intervals between their

appearance, the front teeth usually coming into place first,

and those at the back of the mouth at a later period.*

General Characters.—The simplest form of tooth may be l-

exemplified on a large scalu by the tusk of the Elephant •'

(fig. 1, I.). It is a hard mass almost entirely composed
of dentine, of a conical shape at first, but during growth

becoming more and more cylindrical or uniform in width.

The enamel covering, present on the apex in its earliest

condition, soon disappears, but a thin layer of cementum
covers the circumference of the tooth throughout life. On
section it will be seen that the basal portion is hollow,

and contains a large conical pulp, as broad at the base

as the tooth itself, and deeply imbedded in the bottonf

of a recess or socket in the upper maxillary bone. This

pulp continues to grow during the lifetime of the animal,

and to be converted at its surface into dentine. The tooth

therefore continually elongates, but the use to which tho

animal subjects it in its natural state causes the apex to wear

away, at a rate generally proportionate to the growth at

the base, otherwise it would become of inconvenient length

and weight. Such teeth of indefinite growth are said to be
"rootless," or to have "persistent pulps."

One of the corresponding front teeth of man (fig* 1,

II. and III.) may be taken as an example of a very

different condition. After its crown is fully formed by
calcification of the germ, the pulp, though continuing

to elongate, begins to contract in Siameter; a neck or

slight constriction is formed ; and the remainder of the

pulp is converted into the root (or fang), a tapering

conical process which is imbedded in the alveolar cavity

of the bone, and has at its extremity a minute perfora-

tion, through which the vessels and nerves rerjuired to

maintain the vitality of the tooth enter the pulp cavity,

very ditVerent from the widely open cavity at the base of

the growing tooth. When the crown of the tooth is broad

and complex in character, instead of having a single root,

it may be supported'ly two or more roots, each of which is

implanted in a distinct alveolar recess or socket, and to

the. apex of which a branch of the common pulp cavity is

continued (fig. 1, IV.). Such teeth are called "rooted teeth."

When they have once attained their position in the jaw,

with the neck a little" way above the level of the upper

margin of the alveolus, and embraced by the gum or tough

fibro-vascular membrane which covers the alveolar border,

and having the root fully formed, they can never increase

in length or alter their position. If they appear to do so

in old age it is only in consequence of absorption and

retrocession of the surrounding alveolar margins. If, as

' See the conclusion of the article DlGESTTVE OroaNS, vol. vii. p.

233 sj., for a more detailed and illustrated account of the structuru

and development, especially of the human teeth.
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often happens, their surface wears away in mastication, it

13 never renewed. The open cavity at the base of tlie

imperfectly developed rooted tooth (fig. 1, II.) causes it

to resemble the persistent condition of the rootless

tooth. The latter

IS therefore a more
primitive condi-

tion, the forma-

tion of the root

being a comple-

tion of the process

of tooth develop-

ment. FBnction-

ally it is, however,

difficult to say

that the one is a

higher form than

the other, aa

they both serve

important and
different purposes

in the animal

economy.
Aa is almost

always the case

in nature, inter-

mediate condi-

tions between

these two forms

of teeth are met
with. Some, as

the molars of the

Horse, and of

many Rodents,

are- for a time

rootless, and have FW. l.—l;Ia(!T«inmatIc Sections of various foi-ms of

1 Teeth. I. Inclaor of Elephant, with pulp cavity pi-r-puips fiistently open nt base. II. Human Incisor during
development, ulth root Imperfectly lormed. and pulp
cavity widely open at base. III. Completely fornied
human Incisor, with pulp cavity contracted to a small
aperture at the end of the root. IV. Human molar,
with broad crown and two roots. V. Molar of Ox,
with enamel covering thu crown deeply folded and
with the depressions tilled up witli ecmentum. Tlie
Bin face is worn by use; otherwise the enamel coatint:
would be conrlnuous at liie lop of tlie Jidges. In all

the flcures the enamel is black, the pulp white, the
dentine represented by horizontal lines, and the ce-
mentum by dots.

growin

producing a very

long crown with

parallel sides, the

summit of which

may be in use

and beginning to

wear away while

the base is still

growing, but, ultimately the pulp contracts, forms a neck
and distinct roots, and ceases to grow. The canine tasks of

the Musk Deer and of the Walrus have persistent pulps,

and are open at their base until the animal is of advanced
age, when they close, and the pulp ceases to be renewed.

The simplest form of the crown of a tooth is that of

a cone ; but this may bo variously modified. It may be
flattened, with its edges sharp and cutting, and pointed at

the apex, as in the laterally compressed premolars of most
Cariiivora, or it may be chisel- or awl-shaped, with a
straight truncated edge, as in tlie human incisors; or it may
be broad, with a flat or rounded upper surface. Very often

there is a more or less prominent ridge encircling the whole
or part of the base of the crown just above the neck, called

the cingulum, which serves as a protection to the edge of

".he. gum iri masticating, and is best developed in flesh-

eating and insectivorous animals, in which the gums are

liable to be injured by splinters of bone or other hard frag-

ments of their food. The form of the crown is frequently

rendered complex by the development upon its surface of

elevations or tubercles called cusps, or by ridges usnally

transverse, but sometimes variously curved or folded.

iVhen the crown is broad and the ridges greatly developed,

B3 in the molars of the Elephant, Horse, and Ox (fig. 1, V.),

cho iiite.'sijaces between thcoi are filled with cementnm,

which supports them and makes a solid compact mass of

the whole tooth. When such a tooth wears away at the

surface by friction against the opposed tooth of the other

jaw, the different density of the layers of the substances

of which it is composed—enamel, dentine, and cementum

—

arranged in characteristic patterns, causes them to wear
unequally, the hard enamel ridges projecting beyond the

others, thus giving rise to a. grinding surface of great

mechanical advantage.

Succession of Teeth.—The dentition of all mammals conr

sists of a definite set of teeth almost always of constant and
determinate number, form, and situation, and, with few
exceptions, persisting in a functional condition throughout

the natural term of the animal's life. In many species

these are the only teeth which the animal ever possesses,

—the set which is first formed being permanent, or,, ii

accidentally lost, or decaying in extreme old age, not being

replaced by others. These animals are called Monophyodont.
But, in the larger number of mammals, certain of the teeth

are preceded by others, which may be only of a very

transient, rudimentary, and fuoctionless character (being

lin the Seals, for example, shed either before cr witliin v
few days after birth), or may be considerably developed,

and functionally occupy the place of the permanent teeth

for a somewhat lengthened period, during the growth and
development of the latter and of the jaws. Ic a!! cnsea

these teeth disappear (by the absorption of their roots and
shedding of the crowns) before the frame of the tnimal
has acquired complete maturity as evidenced by tha
coalescence of the epiphyses of the osseous system. Aa
these teeth are, as e general rule, present during the period

in which the animal is nourished by the mUk of the

mother, the name of "milk teeth" (French dents de lait,

German JI/(7cAr^VA»e) has been commonly accorded to them,
although it must be understood that the epoch of their

presence is by no means necessarily synchronous with that

of lactation^ Animals which possess such teeth are called

Diphyodont. No mammal is known to have more than
two sets of teeth ; and the definite and orderly replace-

ment of certain members of the seiies is a process of quite

a different nature from the indefinite succession which takes

place in all the teeth continuously throughout the lifetime

of the lower vertebrates.

AVhen the milk teeth are well developed, and continue

in place during the greater part of the animal's growth, as

is especially the case with the Ungulata, and, though to a
less degree, with the Primates and Carnivora, their use is

obvious, as taken all together they form structurally a
complete epitome on a small scale of the more numerous
and larger permanent set (see fig. 3), and, consequently,

are able to perform the same functions, Iwhile time is

allowed for the gradual maturation of the latter, and espe-

cially while the jaws of the growing animal -are acquiring

the size and strength sufficient to support the permanent
teeth. Those animals, therefore; that have a well-developed,

and tolerably persistent set of milk teeth may be considered

to be in a higher state of development, quoad dentition,

than those that have the milk teeth absent or rudimentary.

Tt is a very general rule that individual teeth of the

milk and permanent set have a' close relationship to one
another, being originally formed, as mentioned above, in

exceedingly near proximity, and with, at all events as far as

the enamel germ is concerned, a direct connexion. More-
over, as the latter ultimately come to occupy the position

in the alveolar border temporarily held by the former, they

are spoken of respectively as the predecessors or successors

of each other. But it must be understood that milk teeth

may be present which have no successors in the permanent
series, and, what is far more general, permanent teeth may
have no predecessors in therailk Beries.



352 MAMMALIA [dENTAIi

This and other qnestions concerning the homologies, notation, and
Booesgion of tha teeth of mammab are mora -fully deTeloped in two
memoirs by the present wiiter :—" Remarks on tho Homologies and
Notation of the Teeth of the Mammalia," in the Journal of Anatomy
%nd Phytialogf, Tol. 111. p. 2G2, 1869; and " Notes on the First or
Millc Dentition of the Mnmnialia," in the Trana. Odonloloaual Societv
if Chtat Britain, 1971,

The complete series of permanent teeth of most mammals
jorms a coraplex macbine, with it* several parts adapted

for different functions,—the most obvioua structural

piodification for this purpose being an increased complexity

of the individual components of the series fiom the anterior

towards the posterior extremity of such series. Since, as

has just been said, the complete series of the milli teeth

often presents structurally and functionally a similar

machine, but composed of fewer individual members, and
the anterior of whicii arc as simple, and the posterior as

complex, as those occupying corresponding positions in the

permanent series,—and since the milk teeth are only

developed in relation to tlie anterior or lateral, never to

the most posterior of flie permanent series,—it follovrs tiiat

the hinder milk teeth are usually more complex than the

teeth of whicli they are the predecessors in the permanent
series, and represent functionally, not their immediate suc-

cessors, but those more posterior permanent teeth which
have no direct predecessors. This character is clearly seen

in those animals in which the various members of the molar
series are well differentiated from each other in form, as

the Carnivora, and also in Man.
In animals which have two sets of teeth the number of

the teeth of the permanent series which are preceded by
milk teeth varies greatly, being sometimes, as in Blarsupials

and some Rodents, as few as one on each side of each jaw,
and sometimes including the larger portion of the series.

Although there are (lifficulties in some cases in arriving

at a satisfactory solution of the question, it is, on the
whole, safest to assume that when only one set of teeth

is present, these correspond to the permanent teeth of the

Diphyodonts. When this one set is completely developed,

and remains in use throughout the animal's life, there can
be no question on this subject. When, on the other hand,
the teeth are rudimentary and transient, as in the Whale-
bone Whales, it is possible to consider them as representing

the milk series ; but there are weighty reasons in favour
of the opposite conclusion.'

General Arrangement, Homologies, and dotation of Teeth
cf Mammals.—The teeth of the two sides of the jaws are
always alike in number and character, except in cases of

aosidental or abnoj-mal variation, and in the ono remark-
able instance of constant deviation from bilateral symmetry
among mammals, the tusks of the Narwhal 'see fig. 49,

p. 398), iu which the left is of immense size, and the right

radimeutary. In those animals also, as the Dolphins and
some Armadillos, which have a very large .series of similar
teeth, not always constant in number in different indi-

viduals, there may be differences in tire two sides ; but,

apart from these, in describing the dentition of any
mammal, it is quite sufficient to give the number and
characters of the teeth of one side only. As the teeth of
tlie upper and the lower jaws work against each other in
masticating, there is a general correspondence or harmony
between them, the projections of one series, when the
mouth is closed, fitting into corresponding depressions of
the other. There is also a general resemblance in the
Dumber, characters, and mode of succession of both series,

80 that, although individual teeth of the upper and lower
jaws may not be in any strict sense of the term homologous
parts, there is a great convenience in applying the same
descriptive terms to the one which are used for the other.
The simplest dentition as a whole is that of many species

of Dolphin (fig. 2), in whicli the crowns are single-pointed,

slightly curved cones, and the ri»ots also single and taper-

ing, and all alike in form from the anterior to the posterior

end of tho series, though it may be with some sliglit

difference in size, those at the tvro extremities of the

Fio. 2.—Upper ana Lower Teeth of one side of t!ie Month of a Dolphin (.Lageit^
rhynehus), as an exuinple of the homodont tvpe of (Icntitlon. The bone lover-
Idi; tho outer side of tho ruots of the teeth hu Itten removed to show ttielp

Blmpie character.

series being rather smaller than the others. Such a den-
tition is called Homodont, and in the case cited, as the
teeth are never changed, it is also Monophyodont. Such
teeth are adapted only for catching slippery living prey,

as fish.

In a very large number of mammals the teeth of different

parts of the series are more or less differentiated iu

character, and have different functions to perform. Tho
front teeth are simple nud one-rooted, and are adapted for

cutting and seizing. They ore called "incisors." The back
teeth have broader and more complex crowns, tuberculated

or ridged, and they are sujiported on two or more roots.

They crush ""•jrind the food, and are hence called "molars."
Many animals have, between tliese two sets, a tooth at

each corner of the mouth, longer and more poiuted than
the others, adapted for tearing or stabbing, or for fixing

struggling prey. From the conspicuous development of
such teeth in the Carnivora, especially the Dogs, they have
received the name of " canines." A dentition with its>

component parts so differently formed that these distinctive

terms are applicable to them is' called Heterodont. In
most cases, thougji by no means invariably, animals with
Heterodont dentif.Jn are also Diphyodont.

This general arrangement is extremely obvious in a
considerable number of mammals ; and closer examiuatioii

shows that, under very great modifications iu detail, there

is a remarkable uniformity of essential characters in the

dentition of a large number of members of the class

belonging to different orders and not otherwise closely

allied, so much that it has been possible (chiefly through
the researches of Professor Owen) to formulate a common
plan of dentition from which the others have been derived

by the alteration of some and suppression of other

members of the series, and occasionally, but very rarely,

by addition. The records of paleontology fully confirm

tliis view, as by tracing back many groups now widely

separated in dental characters we find a gradual approxi-

mation to a common type. In this generalized form of

mammalian dentition (which is best exemplified in the

genera Anoplotheri^im and Ilomalodotdotherium) the entiro

number of teeth present is 44, or 11 above and 11 below

on each side. Those of each jaw are placed in continuous

series without intervals between them; and, although the

anterior teeth are simple end single-rooted, and the pos-

terior teeth complex ami with several roots, the transition

between the two kinds is gradual,

Iu dividing and grouping such teeth for the purpose

of description and comparison, more definite characters

are required than those derived merely from form or

function. The first step towards a classification has

been made by the observation that the upper jaw is

composed of two bones, the premaxilla and the masillaj

erd t^«^ the sature between these bones sepurates the

I
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three anterior tdetb. from tlie ollicrs. These three teeth

then, which are implanted by their routs iu the pre-

maxilla, form a distinci group, to which the name of
" incisDr." is applied. This clistinctiou is, however, not

60 important as it appears at first sight, for, as mentioned

whea Si'oaking of the development of the teeth, their

connexion with the bone is only of a secondary nature,

and, although it happens conveniently for our purpose

thai in tlie great majority of cases the segmentation of

the bone coincides with the interspace between the third

ai<u fourth tooth of the series, still, when it does not

happen to do so, as in the case of the Mole, we must not

give too much weight to this fact, if it contravenes other

reasons for determining the homologies of the teetk The
eight remaining teeth of the upper jaw ofl'er a natural

division, inasmuch as the posterior three never have

milk predecessors, and, although some of the anterior

teeth may be in the same case, the particular one pre-

ceding these three always has such a predecessor. These

three then are grouped apart as the "molars," or "true

molars," as some of the teeth in frcmt of them often ha\^

a molariform character. Of the five teeth between tho

incisors and molars the most anterior, or tuat which is

usually situated close behind the premaxillary suture,

almost always, as soon as any departure takes place from

the simplesl; and most homogeneous type, assumes a

lengthened' and pointed form, and is the tooth so developed

as to constitute the "canine " or "laniary" tooth of the Car-

nivora, the tusk of the Boar, itc. It is customary therefore

to call this tooth, whatever its size or form, the " canine."

T'lS remaining four are the "premolars" or "false

inolrra" Tliis system of nomonclalure has been objected

to as being artificial, and in many cases not descriptive,

the distinction between premolars and canine especially

being sometimes not obvious, but the terms are now in such

general use, and are so practically convenient—especially if,

as it is best to do in all such cases, we forget their original

signification, and treat them as arbitrary signs—that it is

not likely they will be superseded by any that have been

proposed as substitutes for them.

With regard to the lower teeth the diSScuIties are

greater, owing to the absence of any suture corresponding

to that which defines the incisors above; but, as the

number of the teeth is the same, as the corresponding teeth

are preceded by milk teeth, and as in the large majority of

cases it is the fourth tooth of the series which is modified

in the same way as the canine (or fourth tooth) of the upper
jaw, it is quite reasonable to adopt the same divisions as

with the upper series, and to call the first three, which are

implanted in the part of the mandible opposite to the pre-

maxilla, the incisors, the next the canine, the next four

the premolars, and the last three the molars. It may be

observed that when the mouth is closed, especially when
the opposed surfaces of the teeth present an irregular out-

line, the corresponding upper and lower teeth are not

Kactly opposite, otherwise the two series could not fit into

one another, but as a rule the points of the lower teeth

shut into the interspaces in frcnt of the corresponding teeth

of the upper jaw. This is seen very distinctly in the

canine teeth of the Carnivora, and is a useful guide in

determining the homologies of the teeth of the two jaws.

Objections have certainly been made to this view, because,

in certain rare cases, the tooth which, according to it,

would be called the lower canine has tho form and function

of an incisor (as in lluminants and Lemurs), and on the

other hand (as in Orcodon, an extinct Ungulate from

North America) the tooth that would thus be determined

as the first premolar has the form of a canine ; but it

Bhould not bo forgotten that, as in all such cases, definitions

derived from finu and function a!one are quite as open to

objection as those derived from position and relation to sur-

rounding parts, or still more so.

z.z
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Fio. 3 — tink ana r«rmanciit Pentlllon of Upper (T.) and Lower (II.) Jaw of tlw
Dog iCant9 famiUaris), with the symhols by which the diUerent teaU] aM
commonly designated. The third upper molar (wi y> 16 tho only tooth wanting
In this animal to complete the typical beterodont mammaliaii deutition.

For the sake of brevity the complete dentition, arranged Dental

according to these principles, is often described by the fo'- formula,

lowing formula, the numbers above the line representing

the teeth of the upper, those below the line those of the lower

jaw:— incisors |5|) canines
J-^-J,

premolars ^, molars

s^"!"!^!' ^^^^ ^^* ^> liowever, initial letters may be

substituted for the names of each group, and it is quite

unnecessary to give more than the numbers of the teeth

on one side of the mouth, the formula may be conveniently

abbreviated into

—

»
3. c ^, p f, m I = \\ ; total 44.

rhe individual teeth of each group are always enumerated
from before backwards, and by such a formula as the

following^
» 1, 1 2, i 3, c, p 1, p 2, p 3, p 4, m 1, m%mZ
^ 1, i 2, i 3, c, p 1, p 2, p 3, p 4, m 1, m 2,mZ~~

a special numerical designation is given by which each ono
can be indicated. In mentioning any single tooth, such a

sign as — will mean the first upper molar, ^, the first lower

molar, and so on. The use of such signs saves much time

and space in description.

It was part of the view of the founder of this system of

dental notation that, at least throughout the group of

mammals whose dentition is derived from this general

type, each tooth has its strict homoiogue in all species, and
that in those cases in which fewer than the typical number
are present (as in all existing mammals except the

genera Sits, Gymnura, Talpa, and Myogale) the teeth that

are missing can be accurately defined. According to this

view, when the number of incisors falls short of three

it is assumed that the absent ones are missing from the

outer and posterior end of the series. Thus when there is

but one incisor present, ili is i 1; when two, they arc i 1 and

i 2. Furthermore, when the premolars and the molars

are below their typical number, the absent teeth are

missing from the fore part of the premolar series, and
from the back part of the molar series. If this were

invariably so, the labours of those who describe teeth

would bo greatly simplified ; but there are r.sfortun-

atoly so many exceptions that a close scrutiny into tha
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sjtuition, relations, and development of a tooth may be

require! bcfure its nature can be determined, and in some

cases the evidence at our disposal is scarcely sufificient for

the purpose.

The milk dentition is expressed by a similar formula,

d for deciduous being commonly added before the letter

expressive of the nature of the tooth. As the three

molars and (almost invariably i) the first premolar of

the permanent series have no predecessors, the typical

milk dentition would be expressed as follows

—

di J,
dc \,

<liii s
= ; = 28. The teeth which precede the premolars of

tlie permanent series are all called molars in the milk

dentition, although, as a general rule, in form and function

tliey represent in a condensed form the whole premolar

and molar series of the adult. When there is a marked

diflforenco between the premolars and molars of the

permanent dentition, the fust milk molar resembles a

premolar, and the last has the characters of the posterior

true molar.

Sleep- The dentition of all the animals of the orders Primates,

tions Carnivora, Insect) vora, Cliiroptera, and Ungnlata can
from clearly be derived from the above-described generalized

Sd '

*yP^- "^''^ same may be said of the llodents, and even

ivpe. tlie Prohoscidea, though with greater modification, at

least in the existing members of the order. It is also

apparent in certain extinct Cetaceans, as Zevglodon and

S'l'inlodon, but it is difficult to find any traces of

it in existing Cetacea, Sirenia, or any of the so-called

Edentata. All the Marsupials, different as they are in

their general structure and mode of life, and variously

nmditicd as is their dentition, present in this system of

organs some deep-lying common characters which show
their unity of origin. The generalized type to which their

dentition can be reduced presents considerable resemblance
til that of the placental mammals, yet differing in details.

It is markedly heterodont, and susceptible of division

into incisors, canines, premolars, and molars upon the

same principles. The whole number is, however, not
limited to fort^'-four. The incisors may be as numerous as

five on each side, and are almost always different in number
in the upper and the lower jaw. The premolars and molars
are commonly seven, as in the placental mammals, but their

arrangement is reversed, as there are four true molars and
three premolars ; and finally the milk dentition of all known
Marsupials, existing or extinct, is (if not entirely absent)
limited to a single tooth on each side of each jaw, this

being the predecessor of the last permanent premolar.

In very few mammals are teeth entirely absent. Even
in the Whalebone Whales their germs are formed in the

same manner and at the same period of life as in other

mammals, and even become partially calcified, but they

never rise above the gums, and completely disappear before

the birth of the animaL In some species of the order

Edentata, the true Anteaters and the Pangolins, no traces

i»f teeth have been found at any age. The Hfonotre.mata

are in like case, although the Oriiithorhynckus has

flattened, ridged, horny plates at the back of both jaws,

which answer the purpose of molar teeth.

Modifications of the Teeth in Relation to their Functions.

—The principal functional modifications noticed in the

dentition of Mammalia may be roughly grouped as (1)
piscivorous, (2) carnivorous, (3) insectivorous, (4) omni-
vorous, and (5) herbivorous, each hi.,ving, of course,

numerous variations and transitional conditions.

1. The essential characters of a piscivorous dentition are

best exemplified in the Dolphins, and also (as modifications

of the carnivorous type) in the Seals. It consists of an

' Ifijrnx .iloiic .iiiions existiug mammals wliich have four premolars
lias also four milk molars.

elongated, rather narrow mouth, wide gape, with numerous
subcqual, conical, sharp-pointed, recurved teeth adapted

simply to rapidly seize, but not to divide or masticate,

active, slippery, but not powerful prey. All animals which

feed on fish as a rule swallow and digest them entire, a

process which the structure of prey of this nature, especi-

ally the intimate interblending of delicate, sharp-pointed

bones with the muscles, renders very advantageous, and

for which the above-described type of dentition is best

adapted.

2. The carnivorous type of dentition is shown in its

most perfect develoimient among existing mammals io

the Felidx. The function being here to seize and kill

struggling animals, often of large size and great muscular

power, the canines are immensely developed, trenchant, and
piercing, and are situated wide apart so as to give the

firmest hold when fixed in the victim's body. The jaws

are as short as is consistent with the free action of the

canines, so that no power may be lost. The incisors are

very small, so as not to interfere with the penetrating

action of the canines, and the crowns of the molar series

are reduced to scissor-like blades, with which to pare ofl

the soft tissues from the large bones, or to divide into

small pieces the less dense portions of the bone for the

sake of nutriment afforded by the blood and marrow it

contains. The gradual modification between this and tlu'

two following types will be noticed in their appropriate,

places.

3. In the most tyiiical insectivorous auimajs, as the insectis

Hedgehogs and Shrews, the central incisors ere elongated, vorons

pointed, and project forwards, those of the upper and lower

jaw meeting like the blades of a pair of forceps, so as

readily to secure small active prey, quick to elude capture,

but powerless to resist when once seized. The crowns of

the molars are covered with numerous sharp edges and
points, which working against each other, rapidly cut up
the hard cased insects into little pieces, fit for swallowing

and digestion.

4. The omnivorous type, especially that adapted for the Cmni-

consumption of soft vegetable substances, such as fruits of vtrous.

various kinds, may be exemplified in the dentition of Man,
of most Monkeys, and of the less modified Pigs. The
incisors are moderate, subequal, and cutting. If the

canines are enlarged, it is usually for other purposes than

those connected with food, and only in the male sex. The
molars have their crowns broad, flattened, and elevated

into rounded tubercles,

•5. In the most typically herbivorous forms of dentition, Eerbi-

as seen in the Horse and Kangaroo, the incisors are well vorous.

developed and trenchant, adapted for cutting off the

herbage on which the animals feed ; the canines are rudi-

mentary or suppressed ; the molars are large, with broad
crowns, which iu the simplest forms have strong transverse

ridges, but may become variously complicated in the higher

degrees of modification which this type of tooth assumes.

The natural groups of mammals, or those which in our
present state of knowledge we have reason to believe are

truly related to each other, may each contain examples of

more than one of these modifications. Thus the Primates

have both omnivorous and insectivorous forms. The
Carnivora show piscivorous, carnivorous, insectivorous, and
omnivorous modifications of their common type of denti-

tion. The Ungulata and the Rodentia have among them
the omnivorous and various modifications, both simple and

complex, of the herbivorous type. The Marsnpialia exhibit

examples of all forms, except the purely piscivorous.

Other orders, more restricted in number or in habits,

as the Proboscidea and Cetacea, naturally do not show so

great a variety in the dental structure of their members.
In considering the taxonomic value to be assigned to

]|
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axial portion belonging to the Head and trunk, and an
appendicular portion belonging to the limbs. There are
also certain bones called splanchnic, being developed within
the substance of some, of the viscera. Such are the os

cordis and os penis found in some mammals.
It is characteristic of all the larger bones of the Mam^

malia that their ossification takes its origin from several

distinct centres. One near the middle of the bone, and
spreading throughout its greater portion, constitutes tlie

diaphysis, or " shaft," in the case of the long bones.

Others near the extremities, or in projecting parts, form
the epiphyses, which remain distinct during growth, but
ultimately coalesce with the rest of the bone.

The axial skeleton consists of the skull, the vertebral

column (prolonged at the posterior extremity into the tail),

the sternum, and the ribs.

In the shdl of adult mammals, all the bones, except the
lower jaw, the auditory ossicles, and the bones of the hyoid
arch, are immovably articulated together, their edges being

the modifications of teetli of mammals, two principles, often

opposed to each other, which have been at work in produc-

ing these modifications, must be held in view :—(L) the

type, or ancestral form, as we generally now call it,

characteristic of each group, which in most mammals is

itself derived from the still more generalized type described

above ; and (2) variations which have taken place from this

type, generally in accordance with special functions which
the teeth are called upon to fulfil in particular cases. These
variations are sometimes'so great as completely to mask
the primitive type, and in this way the dentition of many
animals of widely diflerent origin has come to present a
remarkable superficial resemblance, as in the case of the

Wombat (a Marsupial), the Aye-Aye (a Lemur), and. the

Kodents, or as in the case of the Thyhciue and the Dog.

In all these examples indications may generally be found

of the true nature of the case by examining the earlier

conditions of dentition ; for the characters of the milk
teeth or the presence of rudimentary or deciduous mem-
bers of the permanent set will generally indicate

the route by which the specialized dentition of

the adult has been derived. It is perhaps owing
to the importance of the dental armature to the

well-being of the animal in procuring its susten-

ance, and preserving its life from the attacks of

enemies, that great changes appear to have taken

place so readily, and with such comparative

rapidity, in the form of tliese organs, changes

often accompanied with but little modification in

the general structure of the animal. Of this pro-

position the Aye Aye {Chiromys) among Lemurs,
the Walrus among Seals, and the Narwhal
among Dolphins form striking examples ; as, in

all, the superficial characters of their dentition

would entirely separata them from the animals
with which all other evidence (even including the

mode of development of their teeth) proves their

close affinity.

The Skeleton.

The skeleton is a system of hard parts, formin" f'"- 4.—Longitudinal and VirJcal Seclinn of Iho Slcull of a Dog (.Oanis familiarh), with
- 1 t-i . 1 .,1° mandible and hyoid arcii. an, anleiior naiial aperture ; ilT, maxiilo-turbinal bone; ET.

a framework which supports and protects the -
^ - . . __

softer organs and tissues of the body. It consists

of dense fibrous and cartilaginous tissues, of which
portions remain through life in this state, but
the greater part is transformed during the growth
of the animal into bone or osseous tissue.

This is characterized by a peculiar histological structure
and chemical composition, being formed

. mainly of a
gelatinous basis, strongly impregnated with salts of lime,
chiefly phosphate, and disposed in a definite manner, con-
taining numerous minute nucleated spaces or cavities called

lacunas, connected together by delicate channels or
canaliculi, which radiate in all directions from the sides of

the lacuna;. Parts composed of bone are, next to the
teeth, the most imperishable of all the organs of the body,
often retaining their exact form and internal structure for
ages after every trace of all other portions of the organiza-
tion has completely disappeared, and thug, in the case of
extinct animals, affording the only means of attaining a
knowledge of their characters and affinities.^

In the Armadillos and their extinct allies alone is an
ossified exoskeleton, or bony covering developed in the
ekin, present. In all other mammals the skeleton is com-
pletely internal. It may be described as consisting of an

Seo for the priucipal tnodififation* of the skeleton of.tliis class, the
largo an.l beautifully illustrated Osteographie of De Blainville, 1835-
61

;
the section devoted to this subject in Bronn's Klassen vnd Ord-

nungen des Thier-Heichs, by Giebsl, 1874-79; nnd An Introduction
to the Osteology of the Mammalia, by W. H. FJower, 2d ed. 1876.

ethmo-turbinal; A'fl, nasal ; MEt ossitied portion of the mesethnioid ; CE, cribrifonn plate of

the ethmo-turbmal ; Fr, frontal; /"a, paiietal ; 7/". interpanetal ; 50, supra-occipital; £jO,
ei-occipilal ; BO, basi-occipital; Per, periotic: BS, basi-Sfhcnoid ; Pt, ptcrj'goid; AS, alt-

sphenoid; OS, orbito-sphenoid ; PS, presphenoid ; Pt, palatine; Vo, vomer; Mx, maxilla;
/'J/x, premaxilla ; sA, stylo-hyal; tA, t-pi-hyal; c/j, cerato-hyal ; ftA, basiliyal ; M, thyro-hyal;

«, symphysis of mandible: c/?, coronoid process; cd, condyle; a, angle; id, inferior dentjii

canal. The mandible is displaced dovvnwards, to show its entire foim; the * indicates tho

pait of tlie cranium to which the condyle is aiticulated.^

in close contact, often interlocking by means of fine denti-

culations projecting from one bone and fitting into corre-

sponding depressions of the other, and held together by the

periosteum, or fibrous membrane investing the bones, pass-

ing directly from one to the other, permitting no motion,

beyond perhaps a slight yielding to external pressure. In

old animais there is a great tendency for the different bones

to become actually united by the extension of ossification

from one to the other, with consequent obliteration of the

sutures. The cranium, thus formed of numerous originally

independent ossifications, retaining through life more or

less of their individuality, or all fused together, according

to the species, the age, or even individual peculiarity, con-

sists of a brain case, or bony capsule for enclosing and

protecting the brain, and a face for the support of the

organs of sight, smell, and taste and of those concerned

in seizing and masticating the food. The brain case

articulates directly with the anterior cervical vertebra, by

means of a pair of oval eminences, called condyles, placed

on each side of the large median foramen which transmits

- This and many of the following figures are taken from Flower's

Osteology of the itammalia, Macmillan, 1876.
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the spinal cord. It consists of a Laaal axis, continuous

serially with the axes or centra of the vertebra;, and of an

arch above, roofing over and enclosing the cavity which

contains the cephalic portion of the central nervous sys-

tem (see fig. 4). The base with its arch is composed of

three segments placed one before the other, each of which

is comparable to a vertebra with a greatly expanded neural

arch. The hinder or occipital segment consists of the

basi-occipital, ex-occipital, and supra-occ'pital bones ; the

middle segment of the basi-sphenoid, ali-sphenoid, and

parietal bones ; and the anterior segment of the pro-

sphenoid, orbito-sphenoid, and frontal bones. The axis is

continued forwards into the mesethmoid, or septum of the

nose, around which the bones of the face are arranged in

a manner so extremely modified for their special purposes

that anatomists who have attempted to trace their serial

homologies with the more simple portions of the axial

skeleton have arrived at very diverse interpretations. The
characteristic form and structure of the face of mammals

is mainly dependent upon the size and shape of (1) the

orbits, a pair of cup-shaped cavities for containing the eye-

ball and its muscles, which may be directed forwards or

laterally, placed near together or wide apart, and may be

completely or only partially encircled by bone
; (2) the

nasal fossne, cavities on each side of the median nasal

septum, and forming the passage for the air to pass

between the external and the internal nares, and contain-

ing in their upper part the organ of smell; (3) the

sygomatic arch, a bridge of bono for the purpose of

muscular attachment, which extends from the side of the

(ace to the skull, overarching the temporal fossa
; (4) the

roof of the mouth, with its alveolar margin. for the

implantation of the upper teeth. The face is completed

by tho mandible, or lower jaw, consisting of two lateral

rami, articulated by a hinge joint with the squamosal (a

cranial bone interposed between the posterior and penul-

timate segment of the brain case, where also the bony

capsule of the organ of hearing is placed), each being com-

posed of a single solid piece of bone, and united together

in the middle line in front, at the symphysis,—which union

may be permanently ligamentous or beepme completely

jssified. Into the upper border of the mandibular rami

the lower teeth are implanted.

In only those species in which the brain holds a large

l-elative proportion to the rest of the body, as in Man and

the smaller species of the Pi-imates and some other orders,

does the external form of the skull receive much impress

from the real shape of the cavity contaiuing the brain

The size and form of the mouth, and the modifications of

the jaws for the support of teeth of various shape and num-

ber, the ridges and crests on the cranium for the attach-

ment of the muscles necessary to put this apparatus in

motion, outgrowths of bone for the enlargement of the

external surface required for the support of sense organs

or of weapons, such as horns or antlers (which outgrowths,

to prevent undue increase of weight, are filled with cells

containing air), cause the principal variations in the general

configuration of the skull. These variations are, however,

only characteristically developed in perfectly adult animals,

and are in many cases more strongly marked in the male

than the female sex. Throughout all the later stages of

growth up to maturity the size and form of the brain case

remain comparatively stationary, while the accessory parts

of the skull rapidly increase and take on their distinctive

development characteristic of the species.

The hyoidean apparatus in mammals supports the tongue

and larynx, and consists of a median portion below, the

basi-hyal, from which two pairs of half arches, or cornua,

extend upwards and outwards. Tho anterior is the most

important^ being connected with the periotic bone of the

cranium. It may be almost entirely ligameiitou<!, but more
often has several ossifications, the largest of which is

usually tho stylo hyal. Tho posterior eornu (thyro-hya!)

is united at its extremity with the thyroid cartilage of the

larynx, which it suspends in position. The median portion,

or basi-liyal, is sometimes, as in the Howling Monkeys,
enormously enlarged and hollowed, admitting into its cavity

an air-sac connected with the organ of voice.

The vertebral column consists of a series of distinct

bones called vertebras, arranged in close connexion with

each other along the dorsal side of the neck and trunk,

and in the median line.' It is generally prolonged

posteriorly beyond the trunk, to form the axial support of

the appendage called the tail. Anteriorly it is articulated

with- the occipital region of the skull. The number ol

distinct bones of which the vertebral column is composed
varies greatly among the ilammalia, tho main variation

being duo to the elongation or otherwise of the tail

Apart frou' this, in most mammals the number is not far

from tliirty, though it may fall as low as twenty-six (as ia

some Bats), or rise as high as forty (I/t/rax and Cholopiis).

The difi"erent vertebrse, with some exceptions, remain

through life quite distinct from each other, though closely

connected by means of fibrous structures which allow of a
certain, but limited, amount of motion between them. Thcj

exceptions are the following :—near the posterior part of

the trunk, in nearly all mammals which possess completely

developed hinder limbs, two or more vertebrae become
ankylosed together to form the " sacrum," the portion of

the vertebral column to which the pelvic girdle is attached
;

also, in certain species of Whales and of Armadillos, there

are constant cssific unbns of certain vertebrae of the cer-

vical region.

Although the vertebrte of different regions of the columii

of the same animal or of difi'erent animals present great

diversities of form, there is a certain general resemblance

among them, or a common plan on which they are con-

structed, which is more or less modified by alteration of

form or proportions, or by the addition or suppressioa

of parts to fit them to fulfil their special purpose in the

economy. An ordinary or typical vertebra consists in the

first place of a solid piece of bone, the body or centrum

(fig. 5, c), of the form of a disk or short cylinder. The bodies

of contiguous vertebrae are con-

nected together by a very

dense, tough, and elastic ma-

terial called the '' intervertebral

substance," of peculiar and com-

plex arrangement. This sub-

stance forms the main, and in

some cases the only, union

between the vertebras. Its.

elasticity provides for the verte-

brae always returning to their'

normal relation to each other

and to the column geneTMyJ'°,tZTf^r^i^JXyot^rc,
when they have been dis- tody or centrum; nr, nenral
,,.,•'- , 1 canal : p, pcdjcler, and /, lamina

turbed tberefrom by muscular ottlieaich; (.transverseprocess;

action. A process (p) arises «. anterior zygapophjsu.

on each side from the dorsal surface of the body. These,

meeting in the middle line above, form together an arch,

surmounting a space or short canal (nc). As in this

space lies the posterior prolongation of the great cerebro-

spinal nervous axis, or spinal cord, it is called the neural

canal, and the arch is called the neural arch, in con-

tradistinction to another arch on the ventral surface of the

1 For the sake of nniformity, in all the folloiring descriptions of the

vertebra! column, the long axis of the body ia supposed to be in the

horizontal position.
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body of the vertebra, called tbe Lcemal arcli. The last is,

however, never formed m mammals by any part of the

vertebra itself, but only by certain distinct bones placed

more or leas in apposition to it—the ribs in the thoracic,

and the " chevron bones " in the caudal region. In most

cises the arch of one vertebra is articulated with that

of the next by distinct surfaces with synovial joints, placed

one on each side, called " zygapophyses " (z), but these are

often entirely wanting when flexibility is more needed than

strength, as in the greater
^

part of the caudal region of

long-tailed animals. In ad-

dition to the body and the

arch, there are certain project-

ing parts called processes,

chiefly serving for the attach-

ment of the numerous muscles

v/hich move the vertebral

column. Of these two are

eiugla and median,— the spi-

nous process or neural spine, or
, ^

neurapophysis (s), arising trom veitcbiaofaDou'CC./.M/ami/.arM).

the middle of the upper part of •'. 8P'"c"13 process; „.-, unt«njr

1^1,1. u • zyKapophyais; ;).', posterior lyg-

tUe arch, and tne nypapopnysis apophysis; m, motapopiiysis; a,

from the under surface of the anapophysis ;/, transverse process.

body. This, however, is as frequently absent as the former

iii constant. The other processes are paired and lateral.

They ar'e transverse processes (t), of which there may be two,

an upper and a lower, in which case the former is called, in

the .language of Owen (to whom we are iudcbtfld for <h;

terminology of the parts of vertebrtc in common use),

" diapophysis," and the latter " parapophysis." Other pro-

cesses less constantly present are called respectively "meta-

pophyses" (m) and " anapophysos " (a).

The vertebral column is divided for convenienca of

description into five regions, the cervical, thoracic or dorsal,

lumbar, sacral, and caudal. This division is useful,

especially as it is not entirely arbitrary, and in most cases

is capable of ready definition ; but at the contiguous

extremities of the regions the characters of the vertebrre

31 one are apt to blend into those of the nest region, either

aormally or as peculiarities of individual skeletons.

The cervical region constitutes the most anterior portion

of the column, or that which joins the cranium. The
vertebrre which belong to it are either entirely destitute of

movable ribs, or if they have any these are small, and do
not join the sternum. As a gene-

ral rule they have a considerable

perforation through thebaseof the

transverse process (the vertebrar-

terial canal (fig. 7, t), or, as it is

sometimes described, they have
two transverse processes, superior

and inferior, which, meeting at

their extremities, enclose a canal.

This, however, rarely applies to

the last vertebra of the region,

in which ouly the upper trans-

verse process is usually de-f'?- '•—A'i<«in"Smfacciif sixth

, -^ -,, .
"^ Cervlcul Vertebra of Dor. «,

veloped. 1 he transverse process, «pinou9 process; or, anterior

moreover, very often sends down JLT? u^V'er^r^ocr.'?!
near its extremity a more or less ns inferior lamcua.

compressed plate (inferior lamella), which, being considered

to be serially homologous with the ribs of the thoracic ver-

tebriE (though not developed autogcnously), is often called

the " costal " or " pleurapophysial " plate. This is usually

largest on the sixth, and altogether wanting on the seventh

vertebra. The first and second cervical vertebraa, called

respectively "atlas" and " axis," are specially modified for

the function 'of supporting aad permitting the free move-

az

ments of the heaa. They are not united together by the

intervertebral substance, but connected only by ordinary

ligaments and synovial joints.

The cervical region in mammals presents the remarkable

peculiarity that, whatever the length or flexibility of the

neck, the number of vertebrae is the same, viz., seven,

with only three known exceptions, the Manatee and

Hoffman's Two-toed Sloth {Choloejnis hofmanni), which

both have but six, and the Three-toed Sloth (^Bradi/pus

tridactyhis), which has nine, though in this case the last

two usually support movable ribs, though not sufficiently

developed to reach the sternum.

The dorsal (or thoracic, as it would be more correctly

termed) region consists of the vertebrae which succeed those

of the neck, having ribs movably articulated to them.

These ribs arch round the thorax,—the anterior one, and

most usually the greater number of those that follow, beingr

attached below to the sternum.

The lumbar region consists of those vertebrse of the Lumimr

trunk in front of the sacrum which bear no movable ribs, vi-rteiirae.

It may happen that, as the ribs decrease in size posteriorly,

the last being sometimes more or less rudimentary, the

step from the thoracic to the lumbar region may be gradual

and rather undetermined in a given species. But most

commonly this is -not the case, and the distinction is as

well defined here as in any other region. As a general

rule there is a certain relation between the number of

the thoracic and lumbar vertebrae, the whole number being

tolerably constant in a given group of animals, and any

increase of the one being at the expense of the other.

Thus in all known Artiodactyle Vngulata there are 19

dorso-lumbar vertebra;; but these may consist of 12

dorsal and 7 lumbar vertebras, or 13 dorsal and 6

lumbar, or 1 4 dorsal and 5 lumbar. The smallest number

of dorso-lumbar vertebras in mammals occurs in some

Armadillos, which have but 14. The number found in

JIan, the higher Apes, and most Bats, viz., 17, is excep-

tionally low 19 prevails in the Artiodactyles, nearly all

Marsupials, and very many Rodents ; 20 or 21 in Carnivora

and most. Insectivora ; and 23 in Perissodactyla. The

highest and quite exceptional numbers are in the Two-toed

Sloth (Cholcepus) 27, and the Hyrax 30. The prevailing

number of rib-bearing vertebraj is 12 or 13, any variation

being generally in excess of these numbers.

The sacral region offers more difficulties of definition.

Taking the human " os sacrum " for a guide for comparison,

it is generally defined as consisting of those vertebrae

between the lumbar and caudal regions which are ankylosed

together to form a single bone. It happens, however, that

the number of such vertcbiiO varies in different individuals

of tho same or nearly allied species, especially as age

advances, when a certain number of the tail vertebras

generally become incorporated with the true sacrum. Other

suggested tests, as those vertebras which have a distinct

additional (pleurapophj-sial) centre of ossification between

the body and the ilium, those to which the ilium is directly

articulated, or those in front of the insertion of the ischio-

sacral ligaments, being equally unsatisfactory or unpractical,

tho old one of ank^'losis, as it is found to prevail in the

average condition of adults in each species, is used in the

enumeration of the vertebrae in the following pages.

The Celacca, having no iliac bones, have no part of the

vertebral column modified into a sacrum.

The caudal vertebrae are those placed behind the sacrum,

and terminating the vertebral column. They vary in

number greatly,—being reduced 'to 5, 4, or even 3, in a

most rudimentary condition, in Man and in some Apes and

Bats, and being numerous and powerfully developed, with

strong and complex processes, in many mammals, especi-

ally among the Edentata, Cetacea, and Marsupialia. _ Tha
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JiighesL known number, 46, is possessed by the African

Long-tailed Manis. Connected with tlie under surface of

the caudal vertebrje of

many, mammals which
liave the tail well de-

veloped are 'certain

bones formed more or

less like an inverted

arch, called chevron

bones, or by the French

OS en V. These are

always situated nearly

opposite to an inter-

vertebral space, and are

generally articulated

both to the vertebra in

front and the vertebra

behind, but sometimes

chieflv or entirely either^'"- 8.—Anterior Smfuce of Fourth Caudnl
^

. .^ Verlebra of Porpoiao (Pliocxna communis).
to one or the other. s, spinous process; m, metapopliysls ; r,

The sternum of mam- "'"'^'"^"<= p™'"^; '' <^'""'o" •"'"^

mals is a bone, or generally a series of bones, placed

longitudinally in the mesial line, on the inferior or ventral

aspect of the thorax, and con- <.

Dected on each side with the

vertebral column by a series

of more or less ossified bars

called " ribs." It is present

in all mammals, but varies

snuch in character in the dif-

ferent groups. It usually

consists of a series of distinct

segments placed one before

the other, the anterior being

called the presternum or

"manubrium sterni " of hu-

man anatomy, and the pos-

terior the xiphisternuni, oi

xiphioid or ensiform process,

while the intermediate seg-

ments, whatever their number,
constitute the mesosternum
or "body." la the Whale-
bone Whales the presternum

alone is developed, and but a _ , „ -. i c •

, . , K, '.
. , , Fio. 9.—Iluman Sternum anj Stemul

Single pair of ribs is attached Ribs, pt, pjeslemum; ms, meso-

to it.

The ribs fcTm a series of

long, narrow, and more or less flattened bones, extending

laterally from the sides of the vertebral column, curving

downwards towards the median line of the body below,

and mostly joining the sides of ^he sternum. The posterior

ribs, however, do not directly articulate with that bone,

but are either attached by their extremities to the edges
of each rib in front of them, and thus only indirectly join

the sternum, or else they are quite free below, meeting no
part of tho skeleton. These differences have given rise to

the division into "true" and "false" ribs (by no means
good expressions), signifying those that join the sternum
directly and those that do not ; and of the latter, those
that are free below are called " floating " ribs. The portion
*f each rib nearest the vertebral column and that nearest
the sternum differ in their characters, the latter being
usually but imperfectly ossified, or remaining permanently
cartilaginous. These are called "costal cartilages," or
when ossified "sternal ribs."

In the anterior part of the thorax the vertebral extremity
of each rib is divided into two parts, "head" and
"tubercle"; the former is attached to the side of the body
of the vertebra, tlie latter to it" transverse process ; U)»

slcmum; xs, xiptiisiemum; c, point

of attacliment of cluviclu ; 1 to 10,

ttie cartilaginous sternal ilbs.

10.—Sternum and strongly ossified Sternal Ribs of
Gicat ArmHililio {J^riodon gigas). ps^ presternum ; x»,
xiphisternum.

former attachment corresponds to the interspace between
the vertebras, the head of the rib commonly articulating
partly with the hinder edge of the body of the vertebra,

antecedent to that wliich bears its tubercle. Hence tho
body of the last

cervical vertebra

usually supports

part of the head
of the first rib.

In the postpi'ior

part of the series

the capitular and
tubercular at-

tachments com-
monly coalesce,

and the rib is at-

tached solely to

its correspond-

ing vertebra.

The number of

pairs of ribs is

of course the

same -as that off'?

the thoracic ver-

tebrie.

The appendicular portion of the framework consists, Appa
when completely developed, of two pairs of limbs, anterior 'I'cu'a'

and posterior. ikeletoi

The anterior limb is present and fully developed in all .^nteri-y

mammals, being composed of a shoulder girdle ond three ''"'""

segments belonging to the limb proper, viz., the upper arm
or brachium, the fore-arm or autibrachium, and the hand
or manus.

The shoulder girdle in the large majority of mammals is ShouMe'

in a rudimentary or rather modified condition, compared girdle-

to that in which it exists in other vertebrates. In the

Monoiremata {Ornilhorhyixchus and Echidna) alone is the

ventral portion, or coracoid, complete and articulates with

the sternum bebw, as in the Sanropsida. In all other

mammals this portion, though ossified from a distinct

centre, forms only a process, sometimes a scarcely distinct

tubercle, projecting from tho anterior border of the glenoid

cavity of the scapula. The last-named bone is always well

developed, generally broad and flat (whence its vernacular

name "blatie bone"), with a ridge called the "spine" on

its outer surface, generally ending ina free curved process,

the " acromion." As the scapula affords attachment to many^

of the muscles which act upon the anterior limb, its form

and the development of its processes are greatly modified

according to the uses to which the member is put. It is

most reduced and simple in character in those animals

whose limbs are mere organs of support, as the Ungulates,

and most complex when they are also used for grasping,

climbing, or digging. The development or absence of the

clavicle or "collar-bone," an accessory bar which connects

tho sternum with the scapula and steadies the shoulder-

joint, has a somewhat similar relation, though its complete

absence in tho Bears shows that this is not an invariable

rule. A complete clavicle is found in Man and all the

Primates, in Chiroptera, all Insedivora (except Potamogale),

in many Rodents, in most Edentates, and in all Marsu-

pials, except Peramdes. More or less rudimentary clavicles

(generally suspended freely in the muscles) are found in

the Cat, Dog, and most Carnivora, ilyrmecophaga, and

some Rodents. Clavicles are altogether absent in most of

the Ursidx, all tho Pinnipfdia, Manis among Edentates,'

the Cetacea, Sirenia, Proboscidea, all Ungulates, and some
Rodents.

The proximal segment of the limb proper contains a

single bone, the humerus, and the second seg^ment two
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bones, the radius and tho ulna, placed side by side, articu-

lating with the humerus at their proximal, and with the

carpus at their distal extremity. In their primitive and

unmodified condition these bones may be considered^ as

placed one on each border of the limb, the radius being

preaxial or anterior, and the ulna postaxial or posterior,

when the distal or free end of the limb is directed outwards

or away from the trunk. Tliis is their position in the

earliest embryonic condition, and is best illustrated in adult

mammals in the Cetacea, where the two bones are fixed

side by side and par.allel to each other. In the greater

number of mammals the bones assume a very modified and

adaptive position, usually crossing each other in the fore-

arm, the radius in front of the ulna, so that the preasial

bone (radius), though external (in the ordinary position of

the limb) at the upper end, is internal at the lower end
;

and the hand, being mainly fixed to the radius, also has its

preasial border internal. In the large majority of mammals

the bones are fixed in this position, but in some few, as in

Man, a free movement of crossing and uncrossing—or pro-

nation and supination, as it is termed—is allowed between

them, so that they can be placed in their primitive parallel

condition, when the hand (which moves with the radius) is

said to be supine, or they may be crossed, when the hand

is said to be prone.

In most mammals which walk on four limbs, and in

which the hand is permanently prone, the ulna is much
reduced in size, and the radius increased, especially at the

upper end ; and the articular surface of the latter, instead

of being confined to the external side of the trochlea of the

humerus, extends all across its anterior surface, and the

two bones, instead of being external and internal, are

anterior and posterior. In many hoofed or ungulated

mammals, and in Bats, the ulna is reduced to little more

than its upper articular extremity, and firmly ankylosed to

the radius,—stability of these parts being more essential

than mobility.

The terminal segment of the anterior limb is the hand
or raanus. Its okeleton consists of three divisions :—(1)

the " carpus," a group of small, more or less rounded or

angular bones with flattened surfaces applied to one an-

other, and, though articulating by synovial joints, having

scarcely any motion -between

them
; (2) the " metacarpus,"

a series of elongated bones placed

side by side, with their proximal

ends articulating by almost im-

movable joints with the carpus
;

(3) the " phalanges " or bones of

the digits, usually three in num-
ber, to each, articulating to one
another by freely movable hinge-

joints, the first being connected
in like manner to the distal end
of the corresponding metacarpal
bone.

To understand thoroughly tho
arrangement of tho bones of the

'.arpus in mammals, it is neces-

jary to study their condition Fio.

in some of the lower vertebrates.

Fig. 11 represents the manus in

one of its most complete and at

the same time most generalized
fprms, as seen in one of the
Water Tortoises (Chelydra serpentina). The carpus consists

of two principal rows of bones. The upper or proximal
row contains three bones, to which Gcgenbaur has applied
tlij terms radiaU (;•), intermcJiiim (i), and vlncire («), the
first being on tho radial or preaxial side of tho limb. The

11.—Dorsal Snrfoce of the
lll^lit Miinua of a Water Tortoise
(Clu-hjilra ierpenttriit). After
Gcgenbaur. U.ulna; H, radtus;
u, tilnaro ; », Intcniiedlum

;

r. railtalu ; e. centrale ; 1-5, tho
fivo bones of tho distal row of
tho carpus ; mi-m', tho flro

nictacaipals.

lower or distal row contains five bones, called cnrpale I

2, 3, 4, and 5 respectively, commencing on the radial side.

Between these two row.s, in the middle of the carpus, is a
single bone, the centrale (c). In this very symmetrical
carpus it will be observed that the radiale supports on its

distal side two bones, carpale 1 and 2 ; the intermedium
is in a line with the centrale and carpale 3, which together

form a median axis of the hand, while the ubiare has also

two bones articulated with its distal end, viz., carpale 4
and 5. Each of the carpals of the distal row supports a
metacarpal.

In the carpus of the Mammalia there are usually two
additional bones developed in the tendons of the flexor

muscles, one on each side of the carpus, which may be
called the radial and ulnar sesamoid bones ; the latter is

most constant and generally largest, and is commonly knowa
as the pisiform bone. The fourth and fifth carpals of tho
distal rows are always united into a single bone, and the

centrale is very often absent. As a general rule all the

other bones are present and distinct, though it not unfre-

quently happens that one or more may have coalesced to

form a single bone, or may be altogether suppressed.

The following table shows the principal names in use

for the various carpal bones,—those in the second column
being the terms most generally employed by English anato-

mists :

—

JladiaU •= Scaphoid — A'aticulare.

Tntermcdium = Lana.T =- Scmilunare, Lunalum.
Ulnare = Cuneiform = Triquclrum, Pyramidale,
Centrale =Central '= Intermedium (Cuvier).

Carpale 1 -= Trapezium =MuUangulummajus.
Carpale 2 = Trapezoid — Multanguhim minus.
Carpale 3 -= Magnum — Cajntatum.
Carpale 4

i

Carpale 5 '

Unciform "Eamalum, Undnatiim.

The metacarpal bones, with the digits which they Meta-

Bupport, are never more than five in number, and are carpus

described numerically—first, second, &c., counting from ^""^

the radial towards the ulnar side. The digits are also \^^La.
sometimes named (1) the pollex, (2) index, (3) medius, (4)

annularis, (5) minimus. One or more may be in a rudi-

mentary condition, or altogether suppressed. If one is

absent, it is most commonly the first. Excepting the

Cetacea, no mammals have more than three phalanges to

each digit, but they may occasionally have fewer by
suppression or ankylosis. The first or radial digit is an
exception to the usual rule, one of its parts being con-

stantly absent, for, while each of the other digits has

commonly a metacarpal and three phalanges, it has only

three bones altogether ; whether the missing one is a
metacarpal or one of the phalanges is a subject which has

occasioned much discussion, and has not yet been satis-

factorily decided. The tenntfial phalanges of the digits

are usually specially modified to support the nail, claw, or

hoof, and are called "ungual phalanges." In walking,

some mammals (as the Bears) apply the whole of the lower

surface of the carpus, metacarpus, and phalanges to the

ground ; to these the term " plantigrade " is applied. Many
others (as nearly all the Ungidaia) only rest on the last on'

or two phalanges of the toes, the first phalanx and tho

metacarpals being vertical and in a line with the fore-arm

These arc called "digitigrade." Intermediate conditions

exist between these two forms, to which the terms
" phalangigrade " (as the Camel) and "subplantigrarre,"

(as in most Carnivora) are applied. When the weight is

borne entirely on the distal surfpoe of the ungual phalanx,

and the horny structures growing around it, a« in the Horse,

the mode of progression is called "unguligrade."

In the Chiroptera the digits are enormously elongated,

and support a cutaneous expansion constituting the organ

of flight. In tho Cetacea the manus is formed into a
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paddle, being covered by continuous integument, wliicli

conceals all trace of division into separate digits, and

without sign of nails or claws. In the Sloths the manus

is long and very narrow, habitually curved, and terminat-

ing in two or three pointed curved claws in close apposition

with each other, incapable, in fact, of being divaricated, so

that it is reduced to the condition of a hook, by which the

animal suspends itself to the boughs of the trees among

which it lives. These are only examples of the endless

modifications to which the distal extremity of the limb is

subjected in adaptatioQ to the various purposes to which it

is applied.

The posterior limb is constructed upon a plan very

similar to that of the anterior extremity. It consists of a

pelvic girdle and three segments belonging to the limb

proper, viz., the thigh, the leg, and the foot or pes.

The pelvic girdle is present in some form in all mammals,

though in the Cetacea and the Sireiiia it is in an exceed-

ingly rudimentary condition. In all mammals except those

belonging to the two orders just named, each lateral half

of the pelvic girdle consists essentially, like the corre-

sponding part of the anterior limb, of a flattened rod of

bone crossing the long axis of the trunk, having an upper

or dorsal and a lower or ventral end. The upper end

diverges from that of the opposite side, but the lower end

approaches, and, in most cases, meets itf, forming a

symphysis, without the intervention of any bone corre-

sponding to the sternum. The pelvic girdle differs from

the shoulder girdle in being firmly articulated to the

vertebral column, thus giving greater power to the hinder

limb in its function of supporting and propelling the body.

Like the "boulder girdle, it bears on its outer side, near the

middle, a cup-shaped articular cavity (" acetabulum "), into

which the proximal end of the first bone of the limb proper

is received. Each lateral half of the girdle is called the

"os innominatum," and consists originally of three bones

which unite at the acetabulum. The " ilium " or upper

bone is that which articulates with the sacral vertebrae.

Of the two lower bones the anterior or "pubis" unites with

its fellow of the other side at the symphysis ; the posterior

is the " ischium." These two form two bars of bone, united

.above and below, but leaving a space between them in the

middle, filled only by membrane, and called the " thyroid"

or "obturator" foramen. The whole circle of bone formed
Ly the two innominate bones and the sacrum is called the

pelvis. In the Monotremata and Marsupialia, a pair of

thin, flat, elongated bones called epipubic or marsupial

bones are attached to the fore part of the pubis, and
project forward into the muscular wall of the abdomen.

The first segment of the limb proper has one bone, the

femur, corresponding with the humerus of the upper limb.

The second segment has two bones, the tibia and fibula,

corresponding with the radius and ulna. These bones
always lie in their primitive unmodified position, parallel

to each other, the tibia on the preaxial and the fibula on
the postaxial side, and are never either permanently crossed

or capable of any considerable amount of rotation, as in

the corresponding bones of tje fore limb. In the ordinary
walking position the tibia is internal, and • the fibula

external. In many mammals the fibula is in a more or

less rudimentary condition, and it often ankyloses with the
tibia at one or both extremities. The patella or "knee-
cap" is found in an ossified condition in all mammals,
with the exception of some of the Marsupialia. It is a
large sesamoid bone developed in the tendon of the extensor
muscles of the thigh, where the tendon passes over the
front of the knee-joint, to which it serves as a protection.

There arc frequently smaller ossicles, one or two in

number, situated behind the femoral condyles, called
" fabelhe.".

The terminal segment of the hind limb is the foot or pes.

"

Its skeleton presents in many particulars a close resemblance

to that of the manus, being divisible into three parts :—(1)

a group of short, more or less rounded or square-shaped

bones, constituting the tarsus
; (2) a series of long bones

placed side by side, forming the metatarsus j and (3) the

phalanges of the digits or toes.

The bones of the tarsus of many of the lower Vertehrata

closely resemble both in number and arrangement tliose of

the carpus, as shown in fig. 1 1. They have been described

in their most generalized condition by Gegenbaur under
the names expressed in the first column of the following

table. The names in the second column are those by
which they are most generally known to English anatomists,

while in the third column some synonyms occasionally

employed are added

7- '( '" "^

I , 1 = Astragahis — Talus.

FUntlarc = Calcaneura = Os cakis.

CrMralc = Navicular = Scaphoidevm.

Tarsa'.c 1 ^ Intc-rnal cuneiform = Entocunciformc.

Tarsah 2 -» Jiiddle cuneiform = Mesocunei/onne.

Tarsalc 3 = External cuneiform = Ectocunciforme.

Tarsah i
j
^ Cuboid.

Tarsalc 5 )

The bones of the tarsus of mammals present fewer

diversities of number and arrangement than those of the

carpus. The proximal row (see fig. 12) always consists of

two bones, the astragalus (a, which probably represents the

coalesced scaphoid and lunar of the hand) and the

calcaneum (c). The former is placed more to the dorsal

side of the foot than the latter,

and almost exclusively furnishes

the tarsal part of the tibio-tarsal

or ankle-joint. The calcaneum,

placed more to the ventral or

"plantar" side of the foot, is

elongated backwards to form a
more or less prominent tuberosity,

the " tuber calcis," to which the

tendon of the great extensor

muscles of the foot is attached.

The navicular bone (n) is inter-

posed between the proximal and
distal row on the inner or tibial

side of the foot, but on the outer

side the bones of the two rows

come into contact. The distal

ro'w, when complete, consists of

four bones, which, beginning on
the inner side, are the three

cuneiform bones, internal (c'),

middle (c-), and external (c^),
^

articulated to the distal surface r-J=„-Bo„"
^Z .a,'L'!'']l'!

of the navicular, and the cuboid metatarsus ; Ph, phalanges ; e,

(cb), articulated with the calca- ?»'ST";= navfcilaf-'"'; m.'

neum. Of these the middle ttmai cuncifomi; c=. middle
,. . ,11 11 t cunenoi-m ; c', extemal cunei-

cuneiform is usually the smallest fo™. The aieits ore indicated

in Bnima!=; in \\h\rh nil fivprficritq '>y Roman numcvals, counting
in animaib in wnicn an nveaigua

j,.^,^ ^^ ^^^^^^ j^ ^^^ ^^^^^
are developed ; but when the side,

hallux is wanting the internal cuneiform may bp rudiment-

ary or altogether absent. The three cuneiform bones sup>

port respectively the first, second, and third metatarsals,,

and the cuboid supports the fourth and fifth; they thus

exactly correspond with the four bones of the distal row

of the carpus.

In addition to these constant tarsal bones, there may ba

supplemental or sesamoid bones :—one situated near the

middle of the tibial side of the tarsus, largely developed iu

many Carnivom and Eodentia ; another, less frequent, on

the fibular side ; and a third, often developed iu the tendaca
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01 the plantar surface of the tarsus, is especially large in

Armadillos. There is also usually a pair of sesamoid bones

on the plantar aspect of each metalarso-phalangeal articula-

tion.

The metatarsal bones never exceed five in number, and

the phalanges follow the same numerical rule as in the

manus, never exceeding three in each digit. Moreover, the

first digit, counting from the tibial side, or hallux, resembles

the poUex of tha hand in always having one segment less

than the other digits. As the function of the hind foot is

more restricted than that of the hand, the modifications of

its structure are less striking. In the Ce^acea .and the

Sirenia it is entirely wanting, though in some members of

the first-named order rudiments of the bones of the first

and second segment of the limb have been detected.

Digestive System.

The search after the purpose which every modification

of structure subserves in the economy is always full of

interest, and, if conducted with due caution and sufficient

knowledge of all the attendant circumstances, may lead to

important generalizations. It must always be borne in mind,

however, that adaptation to its special function is not the

only cause of the particular form or structure of an organ,

but that this form, having in all probability been arrived

at by the successive and gradual modification of some

other different form from which it is now to a greater or less

degree removed, has other factors besides use to be taken

into account. In no case is this principle so well seen as

in that of the organs of digestion. These may be con-

sidered as machines which have to operate upon alimentary

substances in very different conditions of mechanical and

chemical combination, and to reduce them in every case to

the same or preci.soly siraUar materials; and we might well

imagine that the apparatus required to produce flesh and

blood out of coarse fibrous vegetable substances would bo

different from that which had to produce exactly the same
results out of ready-made flesh or blood ; and in a very

broad sense we find that this is so. If we take a large

number of carnivorous animals, belonging to different funda-

mental types, and a large number of herbivorous animals,

and strike a kind of average of each, we shall find that

there is, pervading the first group, a general style, if we
may use the expression, of the alimentary organs, different

from that of the others. There is a specially carnivorous

and a specially herbivorous modification of these parts.

But, if function were the only element which has guided
such modificatiou, it might bo inferred that, as one form
must be supposed to bo best adapted and most perfect in

its relation to a particular kind of diet, that form would be
found in all the animals consuming that diet. But this

is far from being the case. The Horse and the Ox, for

instance,—two animals whose food in the natural state is

precisely similar,—are yet most different as regards the
structure of their alimentary canal, and the processes
involved in the preparation of that food. Again, the Seal
and the Porpoise, both purely fish-eaters, which seize and
swallow and digest precisely the same kind of prey in pre-
cisely the same manner, have a totally different arrange-
ment of the alimentary canal. If the Seal's stomach is

adapted in the best conceivable manner for the purpose it

has to fulfil, why is not the Porpoise's stomach an exact
facsimile of it, and vice versa ? Wo can only answer, the
Seal and Porpoise belong to different natural groups of

animals, formed on different primitive types, or descended
from differently constructed ancestors. On this principle

only can we account for the fact that, whereas, owing to

the comparatively small variety of the different alimentary
Substances met with in nature, few modifications would

appear necessary in the organs of digestion, there is really

endless variety in the parts devoted to this purpose.

The digestive apparatus of mammals, as in other

vertebrates, consists mainly of a tube with an apertura

placed at or near either extremity of the body,—the oral

and the anal orifice,—with muscular walls, the fibres of

which are so arranged as by their regular alternate con-

traction and relaxation to drive onwards the contents of

the tube from the first to the last of these apertures. • The
anterior or commencing portion of this tube and the parts,

around it are greatly and variously modified in relation to

the functions assigned to them of selecting and seizing the

food, and preparing it by various mechanical and chemical

processes for the true digestion which it has afterwards to

undergo before it can be assimilated into the system. For
this end it is dilated into a chamber or cavity called the

mouth, bordered externally by the lips, nsually muscular
and prehensile, and supported by a movable framework
which carries the teeth,—organs the structure and modi-
fications of which have been already described. The
roof of the mouth is formed by the palate, terminating

behind by a muscular, contractile arch, having in lilan and
some few other species a median projection called uvula,

beneath which the mouth communicates with the pharynx.

The anterior part of the palate is composed of mucous
membrane tightly stretched over the flat or slightly concave

bony lamina which separates the mouth from the nasal

passages, and is generally raised into a series of transverse

ridges, which sometimes, as in Piuminants, attain a con-

siderable development. In the floor of the mouth, between
the rami of the mandible, and supported behind by the

hyoidean apparatus, lies the tongue, an organ the free

surface of which, especially in its posterior part, is devoted

to the sense of taste, but which also by its great mobility,

being composed almost entirely of muscular fibres, performs

important mechanical functions connected with masticating

and procuring food. Its modifications of form in different

mammals are very numerous. Between the long, extensile,

vermiform tongue of the Anteaters, which is essential to

the peculiar mode of feeding of those animals, and the short,

sessile, and almost functionless tongue of the Porpoise,

every intermediate condition is found. Whatever the

form, the upper surface is always covered with numerous

fine papillw, in which the terminal filaments of the gustatory

nerve are distributed.

In connexion with the buccal cavity is an extensive and Salivwy

complex glandular apparatus which pours its secretions into glands,

it—secretions which constitute the fluid commonly known
as saliva. This apparatus consists of small glands em-

bedded in the mucous membrane or submucous tissue

lining the cavity of the mouth, and which are of tn-o kinds

(the follicular and the racemose), and of others in which

the secreting structure is aggregated in distinct masses

removed some distance from the cavity, other tissues besides

the lining membrane being usually interposed, and pouring

their secretion into the cavity by a distinct tube or duct,

which traverses the mucous membrane. To the latter alone

the name of " salivary glands " is ordinarily appropriated,

although the distinction between them and the smallpf

racemose glands is only one of convenience for descript'.vo

purposes, their structure being more or less identical ; and,

as the fluids secreted by all become mixed in the mouth,

their functions are, at all events in great part, common.
Under the name of salivary glands are commonly included

—(I) the " parotid," situated very superficiallj' on the side

of the head, below or around the cartilaginous external

auditory meatus, and the secretion of which enters the

mouth by a duct (often called Steno's or Stenson's) which
crosses the massoter muscle and opens into the upper and

,
back part of the cheek ; and (2) the " submaxillarv." situ-
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atcd in tbe neck, near or below the angle of the mandible,

and sending a long duct (Wharton's) forv\-ards to open in the

fore-part of the floor of the cavity of the mouth, below the

apex of the tongue. These are the most largely developed

and constant of the salivary glands, bei. 2 niet with in

various degrees of development in almost all animals of the

class. Next in constancy are (3) the " sublingual," closely

associated with the last-named, at all events in the locality

in which the secretion is poured out; and (4) the "zygo-

matic," found only in some animals in the cheek, just under

cover of the anterior part of the zygomatic arch, its duct

entering the buccal cavity near that of the parotid.

Tiie most obvious function common to the secretion of

these various glands, and to that of the smaller ones placed

in the mucous membrane of the lips, the cheeks, the tongue,

the palate and fauces, is the mechanical one of moistening

and softening the food, to enable it the more readily to be

tasted, masticated, and swallowed, though each kind of

gland may contribute in different manner and different

degree to perform this function. The suliva is, moreover,

of the greatest importance in the first stage or introduction

to the digestive process, as it dissolves or makes a watery

extract of all soluble substances in the food, and so prepares

them to be further acted on by the more potent digestive

fluids met with subsequently in their progress through the

alimentary canal. In addition to these functions it seems

now well established by experiment that saliva serves in

Man and many animals to aid directly in the digestive

process, particularly by its power of inducing the saccharine

transformation of amylaceous substances. As a general

rule, in mammals the parotid saliva is more watery in its

composition, while that of the submaxillaries, and still more

the sublingual, contains more solid elements and is more

viscid, so much so that some anatomists consider the latter,

together with the small racemose glands of the cheeks, lips,

and tongue, as mucous glands, retaining the name of

salivary only for the parotid. These peculiar properties

are sometimes illustrated in a remarkable degree, as,

for example, the great secretion of excessively viscid saliva

which lubricates the toiigue of the Anteaters and

Armadillos, associated with enormously developed sub-

maxillary glands ; while, on the other hand, the parotids

are of great size in those animals which habitually masticate

dry and fibrous food.

After the preparation which the aliment has undergone

in the mouth,—the extent of which varies immensely in

different forms, being reduced almost to nothing in such

animals as the Seals and Cetaceans, which, to use the

familiar expression, "bolt" their food entire,—it Is

swallowed, and is carried along the oesophagus by the

action of its muscular coats into the stomach. In the

greater proportion of mammals this organ is a simple

saccular dilatation of the alimentary canal, but in others it

undergoes remarkable modifications and complexities. The
lining of the stomach is thickly beset with tubular glands,

which are generally considered to belong to two different

forms, recognizable by their structure, and different in their

function— the most numerous and important secreting the

gastric juice (the active agent in stomachic digestion), and
hence called " peptic " glands, the others concerned only

in the elaboration of mucus. Tlie relative distribution of

tliese glands in different regions of the walls of the stomach
varies greatly in different animals, and in many species

there are large tracts of the mucous membrane which do
not secrete a fluid having the properties of gastric juice,

and often constitute more or less distinct cavities devoted to

storing and perhaps softening or otherwise preparing the

food for digestion. Sometimes there is a great aggregation

of glands forming distinct thickened patches of the stomach
Tvall, as io the Seaver and Koala, or even collected in

pyriform pouches with a common narrow opening into the

cavity, as in the Manatee and the curious African Kodent
Lopkyomys. The action of the gastric fluid is mainly
exerted upon the uitrogenous elements of the food, which
it dissolves and modifies so as to render them capable of

undergoing absorption, which is partly effected by the

blood-vessels of the stomach, though the greater part passes

through the pylorus, an aperture surrounded by a circular

muscular valve, into the intestinal canal. Here it comes in

contact with the secretion of a vast number of small glands

called the crypts of Lieberkuhn, somewhat similar to

those of the stomach, and also of several special glands of

a different character, namely, the small racemose, duodenal,

or Brunner's glands, the pancreas, and the liver.

The intestinal canal varies greatlyin relative length »ind Intcstus

capacity in different animals, and it also offers manifold catiJ-

peculiarities of form, being sometimes a simple cylindrical

tube of nearly uniform calibre throughout, but more often

subject to alterations- of form and capacity in different

portions of its course,—the most characteristic and constant

being the division into an upper and narrower and a lowet

and wider portion, called respectively tho small and the

large intestine, the former being divided quite arbitrarily

and artificially into duodenum,
jejunum, and ileum, and tho latter

into colon and rectum. One of the

most striking peculiarities of this

part of the alimentary canal is the

frequent presence of a diverticu-

lum or blind pouch, the caput

C3:cum coli, as it was first called, a

name generally abbreviated into

" ca;cum," situated at the junction

of the large and the small intestine,

a structure presenting an immense
variety of development, from the

smallest bulging of a portion of the

side wall of the tube to a huge and

complex sac, greatly exceeding in

capacity the remainder of the ali-

mentary canal. It is only in herbi-

vorous animals that the cscum is
'

developed to this great extent, and
among these there is a curious com-
plementary relationship between

the size and complexity of the organ

and that of the stomach. Where
the latter is simple the coecura is generally the largest,

and vice versa. Both caecum and colon are often saccu-

lated, a disposition caused by the arrangement of the

longitudinal bands of muscular tissue in their walls ; but

the small intestine is always smooth a«d simple-walled

externally, though its lining membrane often exhibits

various contrivances for increasing the absorbing surface

without adding to the general bulk of vhe organ, such

as the numerous small villi by which it. is everywhere

beset, and the more obvious transverse, longitudinal, or

reticulating folds projecting into the interior, met with in

many animals, of which the " valvulre C()nniventes " of

Man form well-known examples. Besides the crypts of

Lieberkuhn found throughout the intestinal canal, and the

glands of Brunner confined to the duodenum, there are other

structures in the mucous membrane, about the nature of

which there is still much uncertainty, called '• solitary " and
" agminated " glands, the latter more commonly known

by the name of " Beyer's patches." These were formerly

supposed to be secretory organs, which dis^-harged some

kind of fluid into the intestine, but are now more generally

considered to belong to the group of f^tructures of somewhat

mysterious function of which the lymphatic and lacteal

Fig. 13.—DiftBTammatic Plan

of the pencral arrangement
of the Alimentary Canal in a

typical Mammal. <?, oeso-

pliHgiis; SI, stomach: />,

pylorus ; ff, email infe^tine

(atbrevlated) ; c, caecum; It,

large intestine or colon, end-
ing In r, the lectum.
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glands are membeis. Tlie solitary glands ai-e found scat-

tered irregularly tbrougliout the whole intestinal tract ; the

agminated, on the other hand, are always confined to the

small intestine, and are most abundant in its lower part.

They are subject to great variation in number and in size,

and even in different individuals of the same species, and

also differ in character at different periods of life, becoming

atrophied in old age.

The distinct glands situated outside of the walls of the

intestinal canal, but which pour their secretion into it, are

the pancreas and the liver. The latter is the most

important on account of its size, if not on account of tlie

tlirect action of its secretion in the digestive process. This

large gland, so complex in structure and function, is well

<lcveIoped in all mammals, and its secreting duct, the bile

<luct, always opens into the duodenum or that portion of

the canal which immediately succeeds the stomach. It is

situated in the right side of the abdomen in contact with

the diaphragm and the stomach, but varies greatly in relative

eize, and also in form, in different groups of mammals. In

most mammals a gaH-bladder, consisting of a pyriform

iliverticulum from the gall duct, is present, but in many it

is wanting, and it is difficult to find the rationale of its

presence or absence in relation to use or any other cir-

cumstance in the animal econoni}'.

The descriptions of the livers of various animals to be-

met with in treatises or memoirs on comparative anatomy

are very difficult to understand for want of a uniform

system of nomenclature. The difficulty usually met with

arises from the circumstance that this organ is divided

sometimes, as in Man, Euminants, and the Cetacea, into

two main lobes, which have been always called respectively

right and left, and in other cases, as in the lower Monkeys,

Carnivora, Insedivora, and many other orders, into a larger

number of lobes. Among the latter the primary division

usually appears at first sight tripartite, the whole organ

consisting of a middle, called "cystic" or "suspensory" lobe,

and two lateral lobes, called respectively right and left

lobes. This introduces confusion in describing livers by

the same terms throughout the whole series of mammals,
as the right and left lobes of the Monkey or Dog, for

instance, do not correspond with parts designated by the

same name in Man and the Sheep. There are, moreover,

conditions in which neither the bipartite nor the tripartite

system of nomenclature will answer, which we should have

considerable difficulty in describing without some more
general system. In order to arrive at such a system it

appears desirable to consider the liver in all cases as

primarily divided by the umbilical vein (see fig. 14, v) into

two segments, right and left. This corresponds wilh its

development and with the condition characteristic of the

organ in tiie inferior classes of vertebrates. The situation

of this division can almost always be recognized in adult

animals by the persistence of some traces of the umbilical

vein in the form of the round ligament, and by the position

of the suspensory ligament.

When the two main parts into which the liver is thus

divided are entire, as in Man, the Euminants, and Cdacca,

they may be spoken of as the right and loft lobes ; when
fissured, as the right and left segments of the liver, reserv-

ing the term lobe for the subdivisions. This will involve

no ambiguity, for the terms right and left lobe will no
longer bo used for divisions of the more complex form of

liver. In the large majority of mammals each segment is

further divided by a fissure, more or less deep, extending

from the free towards the attached border, which are

called right and left lateral fissures (fig. 14, r!/ and ///}.

When these are more deeply cut than the umbilical fissure

<!()> tlio organ has that tripartite or trefoil-like farm just

,epokcn of, but it is easil.v seen that it is really divided into

four regions or lobes, those included between the lateral

fissures being the right and left central (re and !c) separated
by the umbilical fissure, and those beyond the lateral

fissures on each side being the right and left lateral lobes

(rl and II). The essentially bipartite character of the
organ audits uniformity of construction throughout the

class are thus not lost sight of, even in the most complex
forms. The left segment of the liver is rarely complicated

to any further extent, except in some eases by minor or

secondary fissures marking off small lobules, generally

inconstant and irregular, and never worthy of any special

designation. On the otlier hand, the right segment is

usually more complex. The gall bladder, when present, is

always attached to the under surface of I he riglit central

lobe, sometimes merely applied to it, in nther cases deeply

embedded in its substance. In many eases the fossa in

which it is sunk is continued to the free margin of the

liver as an indent, or even a tolerably deep fissure (rf).

The portal fissure (p), through which the portal vein and

FjG. 14.—Diacraminatic Plan of the Inferior Surface of a .'laJtilobLd Liver of a
Mamm;]l. The p'lStelior or aftaclipd border Is uppermost, w, unibtlical vein
of tlie fcetua, rcpiocnted by the round ligament in the adult, Ijing in tlie um-
bilical fissure ; i/i\ Ihe ductus venosus ; V', Ibe infciiur \ena cava

; p, the ^ena
poitae eiitciing tlie transverse fissure ; ///, the left latciul fitsuie; rl/, tlic

riKJit lateral fissure; c/, the cjstic fissure; //, tlie left lateral lobe; Ic, the
k'tt cential lobe ; re, the i.if:ht central Inbe ; r/, the light lalelal lobe ; s, the
Spigelian lube ; c, the caudate lobe

; ^, the gall bladder.

hepatic artery enter and the gall duct emerges from the

liver, crosses this lobe transversely, near the attached

border of the liver. The right lateral lobe always has the

great vena cava (vc) either grooving its surface or tunnel-

ling through its substance near the inner or left end of its

attached border ; and a prolongation of the lobe to the left,

between the vein and the portal fissure, sometimes a mere

flnt track of hepatic substance, but more often a jirominent

tongue-shaped process, is ths so-called " Spigelian lobe "(s).

From the under surface of the right lateral lobe a portion

is generally partially detached by a fissure, and called the

" caudate lobe " (c). In Man this is almost obsolete, but in

most mammals it is of considerable magnitude, and has

very constant and characteristic relations. It is connected

by an isthmus at the left (narrowest or attached) end to

the Spigelian lobe, behind which isthmus the vena cava is

always in relation to it, channelling through or grooving its

surface. It generally has a pointed apex, and is deeply

hollowed to receive the riglit kidney, to the upper and

inner side of which it is applied.

Considerations derived from the comparatively small

and simple condition of the liver of the Ungulates, compared

with its large size and complex form in the Carnirom,

liave led to the perhaps too hasty generalization that the

first type is related to a herbivorous and the latter to a

carnivorous diet. The exceptions to such a proposition are

very numerous. The fact of the great difference betveen

the liver of the Cetacea and that of the Seals cannot be

accounted for by ditlVrence of habits of life, though it
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Heart.

perhaps may be by difference of origin, upon the supposi-

tion that the former are modifiiJations of the primary

branch of mammals from which the Ungulates, and the

latter of that from which the Camivora, are derived.'

ClECIT{.ATOEY, ABSORBENT, EesPIRATOEY, AND UrINARY
Systems.

The blood of mammals is always red, and during the

life of the animal hot, having a nearly uniform temperature,

varying within a few degrees on each side of 100" Fahr.

The corpuscles arc, as usual in vertebrates, of two kinds:

—(1) colourless, spheroidal, nucleated, and exhibiting amoj-

boid movements ; while (2) the more numerous, on which

depends the characteristic hue of the fluid in which they

lire suspended, are coloured, non-nucleated, flattened,

(lightly biconcave disks, with circular outline in all known
ipecies except the Camels and Llamas, where they have
;he elliptical form characteristic of the red corpuscles of

learly all the other vertebrates, though adhering to the

nammalian type in absence of nucleu3 and relatively small

jize. As a rule they are smaller as well as more numerous
;han in other classes, but vary considerably in size in

iifferent species, and not always in relation to the

Bagnitude of the animal, a Mouse, for instance, having
>s large corpuscles as a Horse. V/ilhin the limits of any
aatural group there is, however, very often some such

relation, the largest corpuscles being found among the

large species and the smallest corpuscles among the small

species of the group, but even to this generalization there

are many exceptions. The transverse diameter of tha

red corpuscles in Man averages ^(nr ^^ ^" inch, which is

jxceptionally large, and only exceeded by the Elephant

j'^j-y), and by some Cetacea and Edentata. They are also

generally large in Apes, Rodents, add the Monotirmata, and
small in the Artiodactyles, least of all in the Chevrotains

{Tragulus), being in T. javankus and meminna not more

The heart of mammals consists of four distinct cavities,

two auricles and two ventricles. Usually the ventricular

portion is externally of conical form, with a simple apex,

but in the Sirenia it is broad and flattened, and a deep
notch separates the apical portion of each ventricle. A
tendency to this form is seen in the Cetacea and the Seals.

It is characteristic of mammals alone among vertebrates

that the right auriculo-ventricular valve is tendinous like

the left, consisting of flaps held in their place by fibrous

ends (chordx tendinis^) which arise from projections from
the muscular walls of the ventricular cavity (musculi

papiluires). In the Monotremata a transition between
this condition and the simple muscular flap of the

Sauropsida is observed. In most of the larger Ungulates
a distinct but rather irregular ossification is developed in

the central tendinous portion of the base of the heart.

The orifices of the aorta and pulmonary artery are each
guarded by three semilunar valves. The aorta is single,

and arches over the left bronchial tube. After supplyin"
the tissues of the heart itself with blood by means of the
coronary arteries, it gives off large vessels (" carotid ") to the
head and ("brachial") to the anterior extremities. The
mode in which these vessels arise from the aorta varies much
in different mammals, and the study of their disposition

affords some guide to classification. In nearly all cases

the right brachial and carotid have a common origin (called

"innominate artery" in anthropotomy). The other two
vessels may come off from this, as is the rule in Ungulates,

' See " Lectures on the Comparative Anatomy of the Organs of
Digestion of the Mammalia," Medical Times and Gazelle, Feb. -Dec.
1872.

= G. Galliver. Proc. Zool. &)c., 18C2, p.
9'<

the common trunk constituting the "anterior aorta" of
veterinary anatomy ; or they may be detached in various

degrees, both arising separately from the aoita, as in Man,
or the left carotid from the innominate and the left brachial

from the aorta, a very common arrangemem, or the last

two from a common second or left innominate as in somo
Bats and Inseclivores. The aorta, after giving off the in-

tercostal arteries, passes through the diaphragm into the

abdomen, and, after supplying the viscera of that cavity by
means of the gastric, hepatic, splenic, mesenteric, renal, and
spermatic vessels, gives off in tho lumbar region a largo

branch (iliac) to each of the hinder extremities, which also

supplies tho pelvic Tisi^era, and is continued onwards in the

middle line, greatly diminished in size, along the under
surface of the tail. In certain mammals, arterial plexuses,

called retta mirabUia, formed by tho breaking up of the

vessel into an immense number of small trunks, which may
run in a straight course parallel to one another (as in the

limbs of Sloths and Slow Lemurs), or form a closely packed

network, as in the intracranial plexuses of Ruminants, or a
sponge-like mass of convoluted vessels, as in the intercostals

of Cetaceans, are peculiarities of the vascular system tho

meaning of which is not in all cases clearly understood.

In the Cetacea they are obviously receptacles for contain-

ing a large quantity of oxygenated blood available during

the prolonged immersion, with consequent absence of

respiration, to which these animals are subject.

The vessels which return tho blood to the heart from tho

head and upper extremities usually unite, as in Man, to

form the single vena cava superior or precaval vein, but
in some Insectivores, C/tiroptera, and Rodents, and in the

Elephant, and' all Marsupials and Monotrcmcs, the two
superior caval veins enter the right auricle without uniting,

as in birds. In Seals and some other diving mammals
there is a large venous einus er dilatation of the inferior

cava immediately below the diaphragm. In the Cetacea

the purpose of this is supplied by the immense abdominal
venous plexuses. As a rule the veins of mammals are

furnished with valves, but these are said to bo altogether

wanting in the Cetacea, and in the superior and inferior

cava, subclavian and iliac veins, the veins of the liver

(both portal and hepatic), heart, lungs, kidneys, brain,

and spinal chord of other mammals. Many of the veins

within the cranium are included in spaces formed by tho

separation of the laminre of the dura mater, and do not

admit of being dilated beyond a certain size; these are

termed sinuses. The portal circulation in mammals is

limited to the liver, the portal vein being formed by the

superior and inferior niesenteiic, the splenic, the gastro-

epiploic, and the pancreatic veins. The kidney is supplied

solely by arterial blood, and its veins empty their contents ;

only into the inferior cava.

The <ihsoihent or lymphatic system or vessera is very Lym-
completely developed in the Mammalia. Its ramifications pliatic

extend through all the soft tissues of the body, and con-
'''^^'''«

vey a colourless fluid called lymph, containing nucleated

corpuscles, and also, during the process of digestion, tho

chyle, a milky fluid taken up by the lymphatics (here

called lacteals) of the small intestine, and pour them into

the general vascular system, where they mix with the

venous blood. The lymphatic vessels of the hindei

extremities, as well as those from the intestinal canal, unit

in the abdomen to form the " thoracic duct," the hinde

end or commencement of which has a dilatation called the

receptaculum chyli. The duct, which is of irregular size and
sometimes double, often dividing and uniting again in its

course, or even becoming plesiform, passes forwards close to

the bodies of the thoracic vertebrse, and empties itself, by
an orifice guarded by a valve, into tho great left brachio-

cephalic vein having previously received tho lymphatic
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from the thorax and the left side of the head and left

anterior extremitj'. Those from the right side of the head

and right anterior limb usually enter by a small distinct

trunk into the corresponding part of the right brachio-

cephalic vein. The duct, and also the principal lymphatic

vessels, are provided with valves.

Lymphatic glands, rarely met with in the Satiropsida,

ore usually present in mammals, both in the general and

in the lacteal system, the latter being called " mesenteric

glands." They are round or oval masses, situated upon the

course of the vessels, which break up in them and assume

a plexiform arrangement, and then reunite as they emerge.

No structures corresponding to the pulsating "lymphatic

hearts " of the lower vertebrates Lave been met with iu

mammals.
Associated with the vascular and lymphatic systems are

certain bodies, the functions of which are not properly

understood, and which are usually, on account of their

general appearanee, grouped together under the name of

"ductless glands." Of these the "spleen" is the largest,

and single, always placed in mammals in relation to the

fundus or left end of the stomach, to which it is attached

by a fold of peritoneum. It is dark-coloured and spongy in

substance, and has a depression ou one side or " hilus,"

into which the splenic artery, a branch of the cceliac axis

of tlie abdominal aorta, enters, and from which the vein,

vhich joins the portal system, emerges. It varies much in

size and form in different mammals, being relatively very

email in the Cetacea. It is sometimes almost spherical, but

ynore often flattened, oval, triangular, or elongated, and
occasionally, as in Monotremes and most Marsupials, tri-

radiate. The " suprarenal bodies" or " adrenals " are two

in number, each situated cither in contact with or at a

short distance in front of the anterior extremity of the

Jcidney. They are abundantly supplied with nerves, and
are much larger relatively in early than in adult life.

The " thyroid body," or rather bodies, for there are gene-

rally two, though in JIan and some other species connected

oy an isthmus passing across tlie middle line, are constant

'n mammals, though only met with in a rudimentary con-

dition, if at all, in other vertebrates. They are situated in

the neck, in contact with the sides of the anterior es-

iremity of the trachea. Tlie " thymus " lies in the ante-

yior part of the thorax, between the sternum and the great

vessels at the base of the heart, and differs from the thyroid

in being median and single, and having a central cavity.

It attains its greatest development during the period of

lactation, and then diminishes and generally disappears

before full growth is attained.

Keapiratory On/ans.—Mammals breathe occasionally

through the mouth, but usually, and in many cases

exclusively, through the nostrils or narcs. These are

apertures, always paired (except in the toothed Cetacea,

where they unite to form a 'single external opening), and
eituated at tht fore part of the face, generally at or beneath

the end of the muzzle, a median prominence above the

mouth. This is sometimes elongated to form a proboscis, to

the extremity of which the nostrils are carried, and which
attains its maximum of development in the Elephant. In
the Celacea the nostrils are situated at aconsiderabledistance

behind the anterior end of the face, upon the highest part

of the head, and are called " blow-holes," from the peculiar

mode of respiration of these animals. The nostrils are

kept open by means of cartilages \yhich surround their

aperture, and which many animals have the power of

moving so as to cause partial dilatation or contraction.

In diving animals, as Seals and dtacca, they can be com-
pletely closed at will so as to prevent the entrance of water
when beneath the surface. The passage to which the
nostrils leid is in most mammals filled by a more or less

complex sieve-like apparatus, formed of the convolutea
turbinal bones and cartilages, over which a moist, vascular,
ciliated mucous membrane is spread, and which intercepts

particles of dust, and also aids in warming the inspired air

before it reaches the lungs. In the Prohoscidea, in which
these functions are performed by the walls of the long
tubular proboscis, this apparatus is entirely wanting. Tho
narial passages have the organ of smell situated in their

upper part, and communicate posteriorly with the pharynx,
and through the glottis with the " trachea" or windpipe, a
tube by which the air is conveyed to and from the lungs.

The permanent patency of the trachea during the varied

movements of the neclc is provided for by its walls being

stiffened by a series of cartilaginous rings or hoops, which
in most mammals are incomplete behind. Having entered

the thorax, the trachea bifurcates into the two bronchi, one
of which enters, and, dividing dichotomously, ramifies

through, each lung. In some of the Cetacea and Artto-

dactyta a third bronchus is given off from the lower part

of the trachea, above its bifurcation, and enters the right

lung.

The upper end of the trachea is modified into the organ Lirynx

of voice or "larynx," the air passing through which to and
from the lungs is made use of to set the edges of the " vocal

cords," fibrous bands stretched one on each side of the tube,

into vibration. The larynx is composed of several cartil-

ages, of which the " thyroid," the " cricoid," and the
" arytenoid " are the principal, moved upon one another by
muscles, and suspended from the hj'oidean arch. By
alteration of the relative position of these cartilages the

cords can be tightened or relaxed, approximated or divari-

cated, as required to modulate the tone and volume of the

voice. A median tongue-shaped fibro-cartilage at the top

of the larynx, the "epiglottis," protects the "glottis," or

aperture by which the larynx communicates with the

pharynx, from the entry of particles of food during deglu-

tition. The form of the larynx and development of the

vocal cords present many variations in different member^
of the class, the greatest modification from the ordinary

type being met with in the Cetacea, where tho arytenoid

cartilages and epiglottis are united in a tubular manner,

project into the nasal passage, and, being grasped by the

muscular posterior margin of the palate, provide a direct,

channel of communication from the lungs to the 'external

surface. An approach to this condition is met with in tho

Hippopotamus and some other Ungulates. < Nearly all

mammals have a voice, although sometimes it is only exer-

cised at seasons of sexual excitement. Some Jfarsupials

and Edentates appea-to ^e quite mute. In no mammal is

there an inferior larynx, or "syrinx, as in birds.

The thoracic cavity of mammals differs from that of the

Saurnpsida in being completely separated from the abdomen
by a muscular partition, tlje " diaphragm," attached to the

vertebral column, the ribs, and the sternum. This is much
arched, with the convexity towards the thorax, so that when
its fibres contract it is flattened and tho cavity of the thorax

increased,and when theyare relaxed the cavityisdiminished.

The lungs are suspended freely in the thorax, one on each

side of the heart, being attached only by the root, which
consists of tho bronchus or air-tube, and pulmonary arteries

and veins by which tho blood is passed backwards and
forwards between the heart and the lungs. The remaining

part of the surface of each lung is covered by serous mem-
brane, the " pleura," and, whatever the state of distension

or contraction of the chest-wall, is accurately in contact

with it. Inspiration is effected by tho contraction of the

diaphragm, and by the intercostal and other muscles ele-

vating or bringing forward the ribs, and thus throwing tho

sternum farther away from the vertebral column. As the

surface of the lung must follow the chest- wall, the organ
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is itself expanded, and air rushes in through tne trachea

to fill all the minute cells in which the ultimate ramifica-

tions of the bronchi terminate. In ordinary expiration

very little muscular power is expended, the elasticity of

the lungs and surrouuding parts being sufficient to cause a

state of contraction and to drive out at least a portion of

the air contained in the cells, when the muscular stimulus

is withdrawn. The lungs are sometimes simple externally,

as in the Sirenia (where they are greatly elongated) and

the Cetacea, but they are more often divided by deep

fissures into one or more lobes. The right lung is usually

larger and more subdivided than the left. It often has a

small distinct lobe behind, wantin'' on the left side and

hence called lobulus azygos.

Most mammals have in connexion witn loe air passages

ertain diverticuli or pouches containing air, the use of

which is not always easy to divine. The numerous air

sinuses situated between the outer and inner tables of the

bones of the head, which in Man are represented by the

antrum of Highmore and the frontal and sphenoidal sinuses,

and which attain their maximum of development in the

Indian Elephant, are obviously for the mechanical pur-

pose of allowing expansion of the bone surface without

increase of weight. Tliey are connected with the nasal

passages. The Eustachian tubes pass from the back of the

pharynx into the cavityof the tympanum, into which and the

mastoid cells they allow air to pass. In the Equidx there

ore large post-pharyngeal air sacs in connexion with them.

The Dolphins have an exceedingly complicated system of

air sacs in connexion with the nasal passages just within

the nostrils, and the Tapir and Horses have blind sacs in

the same situation. In the males of some Seals (Cystojihora

and Macrorhinus) large pouches, which the animal can

inflate with air, but which at other times are flaccid, and
which are not developed in the young animal or the female,

a^ise from the upper part of the nasal passages, and lie

immediately under the skin of the face. These are very

analogous, although not in the same situation, to the gular

pouch of the male Bustard. The larynx has frequently

membranous pouches in connexion with it, into which
air passes. These may be lateral and opening just above

the vocal cords, constituting the sacculi laryngis, found
in a rudimentary state in Man, and attaining an enormous
development, reaching to the shoulders and axillae, in some
of the Anthropoid Apes ; or they may be median, opening

in front either above or below the thyroid and cricoid car-

tilages, as in the Howling and other Monkeys, and also in

the Whalebone Whales and Great Anteater..

Kidney.i. Urinary Organs.—The kidneys of mammals are more
compact and definite in form than in other vertebrates,

being usually more or less oval, with an indent on the' side

turned towards the ipiddle line from and into which the

vessels and ducts pass. They are distinctly divided into a

cortical secretory portion, composed mainly of convoluted

tubeSj'and containing Malpighian bodies, and a medullary,

excreting portion, formed of str&ight tubes converging

towards a papilla, embraced by the commencement of the

ureter or duct of the organ. The kidneys of some
mammals, as most Monkeys, Carnivores, Rodents,- &c., are

simple, with a single papilla into which all the renal tubuli

enter. In others, as Man, there are many pyramids of the

medullary portion, each with its papilla, opening into a

division (calyx) of the upper end of the ureter. Such
kidneys are, eitKer in the embryonic condition only or

throughout life, lobulated on the surface. In some caSes,

ns in Bears, Seals, and especially the Cetacea, the lobulatioii

is carried further, the whole organ being cotaposed of a mass
of renules, loosely united by connective tissue, and with

separate ducts, which soon join to form the* common ureter.

Ih all mammals except the Monotreifies the ureters termi-

nate by slit-like valvular openings in the urinary bladder.

This receptacle when filled discharges its contents througli

the single median urethra, which in the male is almost
invariably included in- the penis, and in the females of
some species of Rodents, Insectivores, and Lemurs has a
similar relation to the clitoris. In the Monotremes, though
the bladder is present, the ureters do not enter into it, but
into the urogenital canal some distance below it, the orifica

of the genital duct intervening.

Xervous System and Organs of Sense.

The bif-ain of mammals shows a higher condition of
organization than that of other vertebrates. The cerebral

hemispheres have a greater preponderance compared to
other parts, especially to the so-called optic lobes, or
corpora quadrigemina, which are completely concealed by
them. The commissural system of the hemispheres i»

much more complete, both fornix and corpus callosum
being present in some form; and, when the latter i»

rudimentary, as in Marsupials and Monotremes, its defi-

ciency is made up for by the great size of the anterior com-
missure. The lateral lobes of the cerebellum, wanting ia

lower vertebrates, are well developed and connected by a.

transverse commissure, the pons Varolii. The whole brain,,

owing especially to the size of the cerebral hemispheres, i*

considerably larger relatively to the bulk of the animal
than in other classes, but it must be recollected that

the size of its brain depends upon many circumstances,

besides the degree of intelligence which an animal pos-

sesses, although this is certainly one. Man's brain is

many times larger than that of all other known mammals
of equal bulk, and even three times as large as that of th&
most nearly allied Ape. Equal bulk of body is here

mentioned, because, in drawing any conclusions from th&

size of the brain compared with that of the entire animal,

it is always necessary to take into consideration the fact

that in every natural group of closely allied animals the

larger species have much smaller brains relatively to their

general size than the smaller species, so that, in making
any effective comparison among animals belonging to

different groups, species of the same size must be selected.

It may be true that the brain of a Mouse is, as compared
with the size of its body, larger than that of a Man, but, if

it were possible to reduce an animal having the general

organization of a Man to the size of a Mouse, its braia

would doubtless be very many times larger; and conversely,

as shown by the rapid diminution of the relative size of the

brain in all the large members of the Rodent order, a Mous*
magnified to the size of a Man would, if the general ruht

were observed, have a brain exceedingly inferior in volume.'

Although the brain of the large species of Whales is, a>>

commonly stated, the smallest in proportion to the bulk of

the animal of any mammal, this does not invalidate tha

general proposition that the Cetacea have very large brainu^

compared Tvith terrestrial mammals, as the Ungulcila, ot

even the aquatic Sirenia, as may be proved by placing the

brain of a Dolphin by the- side of that of a Sheep or Pig,

or a Manatee of equal general weight. It is only because

the universally observed difference between the slower ratio

of increase of the brain compared with that of the body
becomes so enormous in these immense creatures that they

are accredited with small brains.

The presence or absence of " sulci " or fissures on the sur-

face of the hemisph^e, dividing it into " convolutions " or

" gyl." iind increasing the superficies of the cortical grey

matter, as welt as allowing the pia mater with its nutrient

blood-vessels to penetrate into the cerebral substance, follow

somewhat similar rules. They are related partly to the

high or low condition of organization of the species., bat also
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flense

touch.

in a great degree to the size of the cerebral heraispneres.

in very small species of all groups, even the Primates, they

are absent, and in the largest species of groups so low in

the scale as the Marsupials and Edentates they are found.

They reach their maximam of development in the Cetacea.

The researches of palaeontologists, founded upon studies

of casts of the interior of the cranial cavity of extinct

forms, have shown that, in many natural groups of

mammals, if not in all, the brain has increased in size, and

also in complexity of surface foldings, with the advance of

time,—indicating in this, as in so many other respects, a

gradual progress from a lower to a higher type of develop-

ment.

The twelve pairs of crania* nerves generally recognized

in vertebrates are all usually found in mammals, though

the olfactory nerves are excessively rudimentary, if not

altogether absent, in the Toothed Whales. The spinal cord,

or continuation of the central nervous axis, lies in the canal

formed by the neural arches of the vertebrae, and gives off

the compound double-rooted nerves of the trunk and the

extremities corresponding in number to the vertebrae,

through the interspaces between which they pass out to

their destination. The cord is somewhat enlarged at the

two points where it gives off the great nerves to the

nnterior and the posterior extremities, which from their

interlacements soon after their origin are called respectively

the brachial and lumbar plexiiEos. The ganglionic or

sympathetic portion of the nervous system is well developed,

and presents few modifications,

of Tlie sense of touch is situated in the stin generally, but

is most acute in certain regions more or less specialized for

the purpose by the presence of tactile papillae, such as por-

tions of the face, especially the lips and end of the snout,

and the extremities of the limbs when these are used for

other purposes than mere progression, and the under surface

of the end of the tail in some Monkeys. The " vibrissas" or

long stiff bristles situated on the face of many mammals are

rendered extremely sensitive to touch by the abundant

8u[)i)ly of branches from the fifth nerve to their basal

papilL-B. In Bats, the extended wing membranes, and prob-

ably also the large ears and the folds and prominences of

skin about the face of some species, are so sensitive as to

receive impressions even from the different degrees of resist-

ance of the air, and so enable the animals to avoid coming
in corftact with obstacles to their nocturnal flight.

The organs of the other special senses are confined to the

Tute. head. Taste is situated in the papilhT; scattered on the

Smell, dorsal surface of the tongue. The organ of smell is present

in all mammals except the Toothed Whales. It consists of

a ramification of the olfactory nerves over a plicated, moist,

mucons membrane, supported by folded plates of bone,

placed on each side of the septum nasi in the roof, or often

in a partially distinct upper chamber of the nasal passage,

BO arranged that, of the air passing into the lungs in inspira-

tion, some comes. in contact with it, causing the perception

of any odorous particles with which it may be charged.

Many mammals possess intense powers of smelling cer-

tain odours which others are quite unable to appreciate,

and the influence which this sense exercises over the well-

being of many species is very great, especially in indicating

the proximity of others of the same kind, and giving
warning of the approach of enemies. The develop-

ment and modification of tho sense of smell is probably
associated with that of the odorous secretion of the

cutaneous glands.

The organ of sight is quite rudimentary, and even con-

cealed beneath tho integument, in some burrowing Rodents
and Insectivores, and is most imperfectly developed in the

Plalanista, or Freshwater Dolphin of tlio rivers of India.

In all other mammals tho eyeball has tho structure

caaracteristic of the organ in the higher Vertebra/n, con
sisting of parts through which the rays of light ara
admitted, regulated, and concentrated upon the sensitive

expansion of the optic nerve lining the posterior part of tho-

ball. A portion of the fibro-vascular and highly pigmented
layer, the choroid, which is interposed between the retina

and the outer sclerotic coat, is in many mammals modified

iuto a brilliantly coloured light-reflecting surface, the
lapetum lucidum. There is never a pecten or marsupium,
as in the Sauropsida, nor is the sclerotic ever supported

by a ring of flattened ossicles, as is so frequently the case

in the lower vertebrated classes. The eyeball is moved in

various directions by c series of muscles—the four recti,

two obliqui, and, except in the higher Primates, a posterior

retractor muscle called choanoid. It is protected by the

lids, generally distinctly separated into an upper and a lower

movable flap, which, when closed, meet over the front of

the eye in a more or less horizontal line ; but sometimes, as

in the Sirenia, the lids are not distinct, and the aperture is

circular, closing to a point. In almost all mammals below

the Primates, except the Cetacea, a " nictitating membrane""
or third eyelid is placed at the inner corner of the eyeball,

and works horizontally across the front of the ball withitt

the true lids. Its action is instantaneous, being apparently

for the purpose of cleaning the front of the transparent

cornea, a function which is unnecessary in animals whos©
eyes are habitually bathed in water, and which in Man and
his nearest allies is performed by winking the true eyelids.

Except in Cetacea the surface is kept moist by the secretion

of the lacrymal gland, placed under the upper lid at its

outer side, and the lids are lubricated by the Harderian

and Meibomian glands, the former being situated at the

inner side of the orbit, and especially related to the

nictitating membrane, the latter in the lining membrane
of the lids.

The organ of hearing is enclosed in a bony capsule HeariBg™

(periotic) situated in the side of the head, intercalated

between the posterior (occipital) and the penultimate

(parietal) segment of the skull. It has, in common with

other vertebrates, three semicircular canals and a vestibule,

but the cochlea is more fully developed than in Sauropsida,

and, except in the Monotremes, spirally convoluted. The
tympanic cavity is often dilated below, forming a smooth
rounded prominence on the base of the skull, the tympanic

bulla. The three principal Ossicles, the " malleus," " incus,''

and " stapes," are always present, but variable in characters.

In the Sirenia, Cetacea, and Seals they are massive in form,

being in the first-named order of larger size than in any
other mammals. In the Cetacea the malleus is ankyloscd

to the tympanic ; in other mammals it is connected only

with the merabrana tympanL The stapes in the lower orders

—Edentates, Marsupials, and Monotremes—has a great

tendency to assume the columnar form of the correspond-

ing bone in Sajtropsida, its two rami entirely or partially

coalescing.^ The tympanic membrane (drum of the ear)

forms tho outer wall of the cavity. In tho fcetal state it is

level with the external surface of the skull, and remains so

permanently in a few mammals, as the American Monkeys ;

but commonly, by the growth of the squamosal bone, it

becomes deeply buried at the bottom of a bony tube

(meatus auditorius exlemtis), which is continued to the

surface of the skin in a fibrous or fibrocartilaginous form.

In Whales, owing to the thickness of the subcutaneous

adipose tissue, this is of great length, and is also extremely

narrow. In most aquatic and burrowing animals the

meatus opens upon the surface by a simple aperture, but

' Tlie modifications of these bones are fully described by A. Doran,
" Morphology of the Mammalian Ossiatla atiditru," Trans, Linn% Soc,
s'er. 2, vol. *. pp. 371-497, pi. lviU.-l.xiv., 1878.
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in the large majority of the class there is a projecting fold

of skin, strengthened by fibro-cartilages, called the pinna

or auricle, or "external ear," of very variable size and

£hape, generally movably articulated on the skull, and

provided with muscles to vary its position, as it helps to

collect and direct the vibrations of sound into the meatus.

Reproditctivb Oegans.

In the male the testes retain nearly their primitive or

internal position throughout life in the 3foiio(remata,

Sirenia, Cetacea, most Edentata, Ilyracoidea, Proboscidea,

and Seals, but in other orders they either periodically (as

in Rodentia, Insectivora, and Chiroptera) or perman-

ently pass out of the abdominal cavity through the inguinal

canal, forming a projection beneath the skin of the

perineum, or becoming suspended in a distinct pouch of

the integument called scrotum. All the Marsupials have

a pedunculated scrotum, the position of which differs

from that of other mammals, being in front of, instead of

behind, the preputial orifice. The presence, absence, or

c6mparative size and number of the accessory generative

glands—prostate, vesicular, and Cowper's glands, as they

are called—vary much in different groups of mammals.

The penis is almost always completely developed, consist-

ing of two corpora cavernosa attached to the ischial bones,

and of a median corpus spongiosum enclosing the urethra,

nnd forming the glans at the distal portion of the organ.

In Marsupials, Monotremes, and the Sloths and Anteaters,

the corpora cavernosa are not attached directly to the

ischia, and in the last-named the penis is otherwise of a

very rudimentary character, the corpus spongiosum not

being present. In many Marsupials the glans penis is

bifurcated. In most Primates, Carnivora, Rodentia

Insectivora, and Chiroptera, but in no other orders, an os

penis is present

Ovsrief In the female, the ovaries retain permanently their

and original, abdominal position, or only descend a short
oviduct, distance into the pelvis. They are of comparatively smaller

size than in other vertebrates, and have a definite flattened

oval form, and are enclosed in a more or less firm "tunica

albugenia." The oviduct has a trumpet-like, and usually

fimbriated abdominal aperture, and is more or less

differentiated into three portions :—(1) a contracted upper
part, called in Man and the higher mammals " Fallopian

tube"; (2) an expanded part with muscular walls, in which
the ovum undergoes the changes by which it is developed

into the fcetus, called the "uterus"; (3) a canal, the
" vagina," separated from the last by a valvular aperture,

and terminating in the urino-genital canal, or common urinal

and genital passage, which in higher mammals is so short

as scarcely to be distinct' from the last. The complete dis-

tinction of the oviducts of the two sides throughout their

whole length, found in all lower vertebrates, only occurs

in this class in Monotremes, a prevailing mammalian
characteristic being their more or less perfect coalescence

in the middle line to form a single median canal In the

Marsupials this union only includes the lower part of the
vagina; in most Placentalia it extends to the whole vagina
and a certain portion of the uterus, which cavity is then
described as "bicornuate." In the higher mammals, as
in Man, and also in some of the Edentates, the whole of

the uterus is single, the contracted upper portion of the
oviducts or Fallopian tubes, as they are then called, enter-

ing its upper lateral angles by small apertures. In certain

lower fcrms of mammals the urino-genital canal opens with
the terjiination of the rectum into a common cloaca, as
in othi;r vertebrates; but it is characteristic of the majority
of the class that the two orifices are more or less difitiact

exterr ally.

Mammary glands, which secrete the milk by which

the young are nourished during the first portion of theii

existence after birth, are present in both sexes in all

mammals, though usually only functional in the female.

In the Monotremes alone, their orifices are mere scattered

pores in the skin, but in all others they are situated upon
the end of conical elevations, called manimillaj or teats,

which, taken into the mouth of the young animal, facilitate

the process of sucking. These are always placed in pairs

upon some part of the ventral surface of the body, but

varying greatly in number and position in different groups.

In the Cetacea, where the prolonged action of sucking

would be incompatible with their subaqueous life, the

ducts of the glands are dilated into large reservoirs from

which the contents are injected into the mouth of the

young animal by the action of a compressor muscle.

Secondary sexual characters, or modifications of structure Pectm*

peculiar to one sex, but not directly related to the repro- '-^y

ductive function, are very g'^neral in mammals. They [^^^,

almost always consist of the acquisition or perfection of actera,

some character by the male as it attains maturity, which is

not found in the female or the young in either sex. In a

large number of cases these clearly relate to the combats

in which the males of many species engage for the posses-

sion of the females during the breeding season ; others are

apparently ornamental, and of many it is still difficult to

apprehend the meaning. Many suggestions on this subject

will, however, be found in the chapters devoted to it in

Darwin's work on The Descent of Man and Selection, in,

Relation to Sex, where most of the best-known instances

are collected. Superiority of size and strength in the

male of many species is a well-marked secondary sexual

character related to the purpose indicated above, being

probably perpetuated by the survivors or victors in

combats transmitting to their descendants those qualities

which gave them advantages over others of their kind.

To the same category belong the great development of the

canine teeth of the males of many species which do not use

these organs in procuring their food, as the Apes, Swine,

Musk and some other Deer, the tusk of the male Narwhal,

the antlers of Deer, which are present in most cases only

in the males, and the usual superiority in size and strength

of the horns of the Bovidx. Other secondary sexual

characters, the use of which Ls not so obvious, or which

may only relate to ornament, are the presence of iliasses

or tufts of long hair on different parts of the body, as the

mane of the male Lion and Bison, the beards of some Rumi-
nants and Bats (as Taphozotis melanopogon), Jfonkeys, and

of JIan, and all the variations of coloration in the sexes, in

which, as a general rule, the aduU male is darker and more

vividly coloured than the female. Here may also be men-

tioned the presence or the greater development of odori-

ferous glands in the male, as in the Musk Deer, and the

remarkable perforated spur with its gland and duct, so

like the poison-tooth of the venomous serpents, found in

the males of both Oriiithorhynckia and Echidna, the use

of which is at present unknown.
Placenta.—The development of the mammalian ovum,

and the changes which the various tissues and organs of

the body undergo in the process of growth, are too intricate

subjects to be explained without entering into details

incompatible with the limits of this article, especially as

they scarcely differ, excepting in their later stages, from

those of other vertebrates, upon which, owing to the greater

facilities these present for examination and study, the

subject has been more fully worked out. There are,'

however, some points which require notice, as peculiar to

the mammalian class, and as affording at least some hints

upon the difficult subject of the affinities and classificatioa

of the members of the group.
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The nourislimeiit of the fretus during intra-uterine life

takes place through the medium of certain structures,

partly bcloMging to the hetus itself an<l partly belonging

to the inner ])arietes of the uterus of the jiarent. These in

their complete form constitute the conijjlex organ called

the "placenta," which serves as the medium of communi-
cation between the mother and fietus, and in which the

phj'siolog'ical processes that are concerned in the nutrition

of the latter take place; but, as we shall see, though a
placenta, in the usual accr'ptation of the terra, is peculiar

to the mammalian class, it is not in all of its members
that one is developed. The structures to which we shall

have especiall.v to refer are the outer tunic of the ovum, to
which, however formed, the term " chorion " is commonly
applied, and two sac-like organs connw^ted with the body
cavity of the embryo, both formed from the splanchnic

mesoblast, lined by a layer of the hypoblast. These are

the " umbilical vesicle " or " yolk sac " and the " allantois."

The umbilical vesicle is a thin membrane enclosing the

yolk, which by the doubling in of the ventral walls of

the embryo bi'conies gradually formed into a distinct sac

external to the body, with a jjedicle (the omphalo-enteric
duct) by which for a time a cotiimunication is maintained
between its cavity and the intestinal canal. In the walls

of this sac blood-vessels (omphalo-me.seraic or vitelline)

are developed in connexion with the vascular system of

the embryo, through which, either by their contact with
the outer surface of the walls of the ovum, or by the
absorptioti through them of the contents of the yolk sac,

the nutrition of the embryo in the lower vertebrates
chiefly takes i)lace. In mammals the umbilical vesicle

plays a comparatively subordinate part in the nourish-
ment of the fietus, its function being generally superseded
by the allantois.

The last-named sac commences at a very early period as
a diverticulum from the hinder end of the alimentary tract
of th(> embryo. Its proximal portion afterwards becomes
the urinary bhulder, the contracted part between this and
the cavity of the allantois proper constituting theurachus,
which passes out of the body of the fietus at the umbilicus
together with the vitelline duct. The mesoblastic tissue

of the walls of the allantois soon becomes vascular; its

arteries are supplied with fcetal blood by the two hypo-
gastric branches of the iliacs, or main divisions of the

abdominal aorta, and the blood is returned by venous
trunks which unite to form the single umbilical vein which
runs to tlie under surface of the liver, where, part of it

joining the portal vein and part entering the vena cava
directly, it is brought to the heart. These are the vessels

which, with their surrounding membranes, constitute the
umbilical cord, the medium of communication between
the foetus and the i)lacenta, when that organ is fully de-

vi'k)ped.

The nature of the fnetal membranes of the Monoiremata
is not known. In the Mnrsnpialia the observations made
many years ago by Professor Owen, upon the development
ot the Kangaroo, have recently been confirmed by Dr. H. C.

Chapman,' but fuller investigations in different species and
at different stages are still much to be desired. As far as
is known, up to the period of the very premature birth of

these animals the outer covering of the ovum or chorion
is free from villi and not adherent to the uterine walls, for,

though lilting into the folds of the latter, it is perfectly

and readily sejiarable in its entire extent from them. The
umbilical vesicle is large, vascular, and adherent to a con-
siderable portion of the chorion, while the allantois is

relatively small, and, though the usual blood-vessels can

' Proc. Acntl. Nat.Sc. Philadelphia, December 27,'18S'[;
Ann. Maq. SnI. Ilisl., April, 1882.
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be traced in it, it does not appear to contract any con-
nexion with the chorion, and therefore much less with the
walls of the uterus, of such a nature as to constitute a
placenta. While in the uterus the nourishment ot the
fietus seems therefore to be derived from the umbilical
vesicle, as in reptiles and birds, rather than from the uterine
walls by means of the allantoic vessels, as in the higher
mammals. The latter vessels, in fact, play even a much
less important part in the development of these animals,
not onlj- than in the placental mammals, but even than in

the Sauropsidd, for they can scarcely have the respiratory
function assigned to them in that group. Tulmonary re-

spiration and the lacteal secretion of the inother very early
supersede all other methods of providing the due supply
both of oxygen and of food required for the development
and growth of the young animal. In this sense the
Marsupials may be looked upon as the most typically
"mammalian " of the whole class. In no other group
do the milk-secreting glands play such an important part
in providing for the continuity of the race.

In the third primary division of the Mammalia, the so-
called Placentalia, the umbilical vesicle geuerall.v does not
quite unite with the chorion, and disappears as develop-
ment proceeds, so that no trace of it can be seen in the
membranes of an advanced embryo; but it ma.y persist
until the end of intra-uterine life as a distinct sac in the
umbilical cord, or lying between the allantois and amnion.
The disappearance or persistence of the umbilical vesicle

does not, according to our present knowledge, appear to
be correlated with a higher' or lower general grade of

development, as might be presupposed. It is stated to
have been found in Man even up to the end of intra-uterine
life, and also in the Carnivora, while in the Vngulata and
Cetacea it disappears at an earlier age. In many, if not
all, of the Rodentia, Insectivora, and Vhiroplera, it playsa
more important part, becoming adherent to a considerable
])art of the inner surface of the chorion, to which it conveys
blood-vessels, although villi do not appear to be developed
from the surface of this jiart, as they are on the portion of

the chorion supplied by the allantoic vessels. These orders
thus present to a certain extent a transitional condition
from the Marsupials, although essentially different, in

possessing the structures next to be described.

The special characteristic of the whole of the placental

mammals constituting the majority of theclass, isthatthe

allantois and its ves.sels become intimatel.v blended with a
smaller or greater part of the parieties of the ovum, form-

ing a structure on the outer surface of which villi are de-

veloped,and which, penetrating into corresponding cavities

of the " decidua," or soft, vascular, hy pert ropliied lining

membrane of the uterus, constitutes the jilacenta. . This

organ may be regarded, as I'rofessoi- Turner says, both in

its function and in the relative arrangement of its consti-

tuent textures, as a specially modified secreting gland, the

ducts of which are represented by the extremities of the

blood-vessels of the fietal system. The])assage of material

from the maternal to thc> fietal s.vstem of vessels is not a
sim[)le percolation or diffusion through their walls, but is

occasioned b.v the action of a la.ver of cells derivi'd from
the maternal or uterine structures, and interposed between
the blood-ves.«els of the maternal jiartof the placenta and
those of the villi covering the chorion, in which the em-
bryonic vessels ramify.

The numerous modifications in the details of the struc-

ture of this organ relate to increasing the absorbing
capacity of the vessels of the chorion, and are brought
about either by increasing the complexity of the fietal villi

and maternal crypts over a limited area, or by increasing

the area of the jiart of the chorion covered by the placental

villi, or by various combinations of the two methods.
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The first cla?s of variations has given rise to a distinc-

tion into two principal kinds of placenta—(1) simple or

non-decidiiate, and (2) deciduate.' In the former the fatal

villi are received into corresponding depressions of the

maternal surface, from which at the period of parturition

they are simply withdrawn. In the second or more
complex form thfe relation is more intimate, a layer of

greater or less thickness of the lining membrane of the

uterus, called "decidua," becoming so intimately blended

with the chorion as to form pai't of the placenta proper, or

that structure which is cast off as a solid body at parturi-

tion. In other yords, in the one case the line of separation

between the placenta and uterus at birth takes place at the

junction of the foetal and maternal structures, in the other

through the latter, so that a, portion of them, often of

considerable thickness, and containing highly organized

structures, is cast off with the former. It has been
thought that the distinction between these two forms of

placentation is so important as to constitute a sufficiently

valid basis for a primary division of the placental mammals
into two groups. It has, however, been shown that the

distinction is one ratlier of degree than of kind, as inter-

mediate conditions may exist, and it is not improbable
that in different primary groups the simpler, non-deciduate
form may have become developed independently into one
or other of the more complex kinds.

Apart from its intimate structure, the placenta may be
met with of very varied general form. It may consist of

villi scattered more or less regularly over the greater part

of the surface of the chorion, the two extremities or poles

being usually more or less bare. This form is called the

"diffused placenta," It is probably a primitive condition,

from which most of the others are derived, although its

existence must presuppose the absene-i of the umbilical

vesicle as a constituent of the chorionic wall. It is found
at present in the Manis among Edentates, the Cetacea,

Sirenia, the Perissodactyle Ungulates, and t"he Camels,

Pigs, and Chevrotains among the Artiodactyles. Such
placentae are always non-deciduate. In the true Piurainants

or Pecora, among the Artiodactyle Ungulates, the villi are

aggregated in masses called cotyledons, with bare spaces

between. Such a placentation is called "polycotyledonar^-."

In another modification the villi are collected in a more or

less broad band encircling the chorion, leaving a very largo

portion of the two poles bare, constituting the "zonary

placenta," characteristic of the Caniivora, and also occur-

ring in the Elephant, Hyrax, and Orycteroptis. The fact

of the form of the placenta of these three last-named

animals agreeing together, and with that of the Canii-

vora, does not, however, necessitate the ascription of

zoological affinities, as the placenta of the Caniivora has

been shown to be at first discoidal, and to become zonary

by spreading round the chorion in the course of develop-

ment. In the other cases, although it must be admitted

that the early stages have not been well observed, it is

quite probable that it may be derived from a diff"used

placenta, in which the fcetal villi have disappeared from
a larger space than usual of the two poles of the ovum.

In another form one pole only of the chorion is non-
vascular, the placenta assuming a dome or bell shape, as

in the Lemurs and the Sloths. The transition from this,

by the gradual restriction of the vascular area, is easy to

the oval or discoidal form of placeivta of the Anteaters,

Armadillos, and Primates. The discoidal placenta of the

Rodents, Insectivores, and Chiropiera, though showing so

much superficial re-sernblance to that of the last-named

order as to have caused them formerly to be associated

••n one primary group, is now known to be developed in

another manner, not by the concentration of villi from a
diffused to a k^ited area, but by retaining the area to

which it was originally restricted in consequence of the large
surface of chorion occupied, as before mentioned, by the
umbilical vesicle. To compensate for the smallness of

area, the complex or deciduate structure has been developed.
We may conclude that, although the characters and arrange-
ment of the fretal structures may not have that extreme
importance which has been attributed to them by some
zoologists, they will form, especially when more completely
understood, valuable aids in the study of the uaturd
affinities J\nd evolution of the Mammalia.''-

CLASSIFICATION OF THE MAMMALIA:

As stated at the commencement of this article, tlie

mammarmn class, aaat present Icnown either by existing or
extinct forms, is completely isolated from all other groups
of the animal kingdom, but it is impossible to refrain from
speculating as to its origin and nearest affinities. In
arranging the classes of vertebrates in a linear series it i*

customary to place them in the following order

—

Pisces,

Amphibia, Peptilia, Aves, Mammalia,—an order which
may possibly indicate the relative degree of elevation to

which the most completely developed members of eacli class

attain, though it would bo a great mistake to suppose

that such an arrangement expresses the true relationship

of one to the other, and still less must it be imagined that

in the process of evolution any of the higher classes are

necessarily derived directly from those nearest below them
in this serial arrangement. On the contrary, some argu-

ments recently set forth by Professor Huxley- point very

strongly to the conclusion that, in looking among verte-

brates for the progenitors of the Mammalia, we must pass

over all known forms of birds and reptiles, and go straight

down to the Amphibia. In addition to the characters

derived from the conformation of the pelvis upon which

the argument is primarily based, the following reasons are

given for this conclusion:—"The Amphibia are the only

air-breathing Vertebrata which, like mammals, have a

dicondylian skull. It is only in them that the articular

element of the mandibular arch remains cartilaginous,

while the quadrate ossification is small, and the squamosal
extends down over it to tlie osseous elements of the

mandible, thus affording an easy transition to the mam-
malian condition of those parts. The pectoral arch of tho

Monotremes is as much amphibian as it is sanropsidian;

the carpus and the tarsus of all Sauropsida, except the

.Chelonia, are modified away from the Urodele type, while

those of the mammal are directly reducible to it. Finally,

the fact that in all Sauropsida it is a right aortic arch

which is tho main conduit of arterial blood leaving tlie

heart, while in mammals it is a left aortic arch which per-

forms this oflSce, is a great stumbling-block in the way of

the derivation of tho Mammalia from any of the Saur-

opsida. But, if we suppose the earliest forms of both tho

Mammalia and tbe Sauropsida to have had a common
Amphibian origin, there is no difficulty in the supposition

that, from the first, it was a left aortic arch in the one series,

and the corresponding right aortic arch in the other, which

became the predominant feeder of the arterial sy.?tem."

There is so much in common between the very aberrant

Monotremes, upon the structure of which the above con-

clusions are mainly based, and all other known mammals
lihat we cannot but suppose they are derived, perhaps at

some remote period, from one stock, come of the pre-

dominating cliaracters of which survive in the existing

^ For a full exposition of tho present state of knowledge on this

subject, see the various memoirs of Professor Turner, and especially

F. M. Balfour's Treatise on Comparative Embryology, 1881, vol. ii.

Proceedinys of the Roi/al Society of London, vol. xxviii., J87fl,

p. 305.
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Monotremos, tbough lost in most other members of the

«lass. These " Prototheria," as Professor Huxley terms

them, have in their turn probably been derived from the

same source as that in which the existing Amphibia on the

one liaud and the Sauropsida on the other have had their

origin. Tho great divisions of the Vertehrata may be

looked upon therefore as parallel, or rather diverging

groups, each tending towartls its own specialization, not

iu any way in the light of ancestor and descendant. No
further advance of the Sauropsidian type, which has reached

its highest perfection in the modern volant birds, would

bring it nearer to the mammalian organization.

Restricting ourselves now to the class of jnammals, as

differentiated from other vertebrates, it will be unnecessary

to repeat the oft-told history of the various attempts to

express tho prevailing knowledge of their structure and

affinities in a systematic manner called a classification.

The systems of Ray, Linnteus, Cuvior, Owen, Milne-

Edwards, lluxlcy, and others mark successive epochs of

that knowledge. A perfect arrangement of any group of

animals can only be obtained simultaneously with a perfect

knowledge of thl'ir structure and life history, and from

this, it need scarcely be said, we are still very far removed.

If, as was formerly the case, classifications could be con-

fmed to existing species, the work would be far less

difficult. By the extinction of intermediate forms the

surviving groups have mostly come to be much isolated,

and their limits can be readily determined and defined.

The discovery of ' extinct species, which appears to be

taking place at a constantly increasing rate, is by degrees

breaking down these boundaries, and making definitions

impossible, though at the same time it is throwijig much
light upon the affinities and probable origin of many groups

now widely separated. A source of difficulty, and perhaps

error, which this advancing knowledge has introduced,

arises from the necessity of determining the position and

relation of so many forms by the bones and teeth alone,

without any hope of deriving aid from all those other

structures of which wo avail ourselves in the case of recent

animals. These considerations will show that any classi-

fication advanced at present must bo regarded as pro-

visional. There are, however, some positions which seem
to be SO' firmly established that it is very unlikely that we
shall be dislodged from them by any further increase of

knowledge, and which we should carefully distinguish from

others which are acknowledged to be doubtful, and adopted

rather for convenience, owing to the necessity of having

some arrangement,than asrepresentingunimpeachablo truth.

One of the most certain and fundamental points in the

classification of the Mammalia is, that all the animals now
composing the class can bo grouped primarily in three

natural divisions, which, presenting very marked differen-

tiating characters, and liaving no existing, or yet certainly

demonstrated extinct, intermediate or transitional forms,

may be considered as subclasses of equal value, tax-

ononiically speaking, though very different in the numbers
and importance of the animals at present composing them.
These three groups are often called by the names originally

proposed for them by Do Blainville—(1) Ornithodclphia,

(2) Didelphia, (3) Monodelphia,—the first being equivalent

to tho order Monoiremata, the second to the Marsiipialia,

and the third including all tho remaining members of the
class. Although actual palMontological proof is wanting,
there is much reason to believe that each of these, as now
existing, are survivors of distinct branches to which the
earliest forms of mammals havo successively given rise,

and for which hypothetical branches Huxley has proposed
the names of Prototheria, Metalheria, ond £uthtria,^ homes

' Proceedingi of Om Zoolojical Sockl'j, 1880, p. 619.

which, being far loss open to objection than those of
Blainville, v/e shall here use as equivalents for tlic latter.

Tho characters of the I'rotothma can only be deduced
from the two existing families, as hitherto no extinct animals
which can be referred to other divisions of this remarkable
and well-characterized group have been discovered. Theso
two isolated forms, in many respects widely dissimilar, yet

having numerous common characters which unite them
together and distinguish them from tho rest of thd

Mammalia, are the Oniilhorhi/nchidx and tho £chidnid.r,

both restricted in their geographical range to tho Australian

region of tho globe. Taken altogether they represent the

lowest type of evolution of the mammalian class, and most
of tho characters in which they differ from the other two
subclasses tend to connect tUem with tho inferior verte-

brates, tho Sauropsida and Avipliilia ; for, though tho

name Ornilkoddplda owes its origin to the resemblance of

the structure of the female reproductive organs to those oE

^irds, there is nothing especially bird-like about them.

Their principal distinctive characters are these. Tlie

brain has a very large anterior commissure, and a very
small corpus callosura, agreeing exactly in this respect with

the next group. Tho cerebral hemispheres, in Echidna at

least, are well developed and convoluted on the surface. Tho
auditory ossicles present a low grade of development, the

malleus being very large, the incus small, and the stapes

culumelliform. They have no true teeth, though the jaws
of Ornithorhi/nchiis are provided with horny productions,

which function .lly supply their place. The coracoid bono
is complete, and articulates with the stemnm, and there

is a large " interclavicle " or episternum in front of the

sternum, and connecting it with the clavicles. There are

also " cpipubic " bones. The oviducts (not differentiateA

into uterine and Fallopian portions) are completely dis-

tinct, and ojjen as in oviparous vertebrates separately into
a cloacal chamber, and there is no distinct vagina. Tho
testes of the male are abdominal in position throughtwt
life, and tho vasa deferentia open into tho cloaca, not into

a distinct urethral passage. The penis, attached to the

ventral wall of tho cloaca, is perforated by a canal in the

greater part of its length, but not at the base, w^iich is

open as in reptiles and those birds which have such an
organ, and brought only temporarily in contact with the

termination of the vasa deferentia, so as to form a seminal

urethra when required, but never transmits the urinary

secretion. This condition is a distinct advance on that of

the San7-i>psida in the direction of the more complete

development of these parts in most of the other Mammalia,
The ureters do not open into the bladder, but behind it

into the dorsal wall of the genito-urinary passage. The
mammary glands have no distinct nipple, but pour out

their secretion through numerous apertures in tho skin.

The early stages of tho development of the young arc not

yet fully known, but they are produced in a very

rudimentary condition, and appear never to be nourished

by means of an allantoic placenta.

The Mc(athcria,ot Didelphia are represented at present

by numerous species, presenting great diversities of general

appearance, structure, and habits, although all united by

many essential anatomical and physiological characters,

which, taken altogether, give them an intermediate posi

tion between tho Proiothma and the Eidheria. In the

structure of the brain and tho presence of cpipubic bones

they agree with tho former, while in the structure of tho

car bones and the shoulder girdle and the presence of teats

on the mammory glands they resemble tiie latter, the repro-

ductive organs belonging to neither one nor the other typo,

but presenting a special character representing an inter-]

mediate grade of development. The ureters open into the

base of tho bladder. The oviducts arc diffci-cntiated into
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uterine and Fallopian portions, and open into a long and
distinct vagina, quite separate from tlif cystic urethra.

The penis is large, but its crura are not directly attached

to the isehia. The spongy body has a large bifurcated

bulb. The young are born in an exceedingly rudimentary
condition, uud are never 7iourished by means of an allantoic

placenta, but are transferred to the nipple of the mother,

to which they remain firmly attached for a considerable

time, nourished by the milk injected into the mouth by
compression of the muscle covering the mammary gland.

They are therefore, as jircviously remarked (see p. 369),
the most typically mammalian of the whole class. The
nipples are nearly always concealed in a fold of the

abdominal integument or " pouch " (marsupium) which
serves to support and protect the young in their early

helpless condition. The existing species of this group are

entirely confined to the Australian region and the .Vraerican

continent, though in former times they had a more ex-

tended geographical range. The earliest mammals hitherto

discovered appear (as far as the scanty evidence at present

obtainable permits any such conclusion tobehazarded) to
have belonged to this type, although it is reasonable to

conclude that Prolotlierin (unless upon the imi)robable

supposition that the existing forms have resulted from a
process of degradation), and perhaps Eulheria, were their

contemporaries far back in the Mesozoic age.

The Eulheria, Monodelphia, or " placental mammals " (so

called because the foetus is always nourished while within

theuterusof themotherby meansof an allantoic jjlacenta)

include at present by far the greater proportion of the class.

While the survivors of the other grou| IS have probably been
for a long time in a stationary condition, these have, as
there is already good evidence to show throughout all the

Tertiary geological age, and by inference for some time
before, been multiplying in numbers and variations of

form, and attaining higher stages of development and
specialization in various directions. They consequently

exhibit far greater diversity of external or adaptive modi-
tioation than is met with in either of the other subclasses,

—some being fitted to live as exclusively in the water as
fishes, and others to emulate the aerial flight of birds.

To facilitate the study of the different component mem-
bers of this large group, it is usual to separate them into

certain divisions which are called " orders." In the main
zoologists are now of accord as to the general number and
limits of these divisions among the existing forms, but the

affinities and relationships of the orders to one another are

far from being understood, and there are very many extinct

forms already discovered which do not fit at all satisfac-

torily into any of the orders as commonly defined.

Commencing with the mosteasilj" distinguished, we may
firstseparate agroup called £dc/((a(a, composed of several

very distinct forms, the Sloths, Anteaters, and Armadillos,

which under great modifications of characters of limbs and
digestive organs, as well as habits of life, havejust enough
in common to make it probable that they are the very

specialized survivors of an ancient group, most of the

members of which are extinct, but which the researches of

paleeontology have not yet revealed to us. The characters

of their cerebral, dental, and in many cases of their repro-

ductive organs show an inferior grade of organization to

that of the generality of the subclass. The next order,

about the limits of which there is no difficulty, is the

Sirenia, aquatic vegetable-eating animals, with complete

absence of hind limbs, and low cerebral organization,

—

represented in our i)resent state of knowledge by but two
existing genera, the Dugongs and Manatees, and by a few

extinct forms, which, though a])proaching a more gener-

alized mammalian type, show no special characters ally-

ing them to any of the other orders. Another equally

well-marked and equally isolated, though far more mumer-
ously represented and diversified order, is that of the
Celacea, composed of the various forms of Whales, Dol-
phins, and Porpoises. In aquatic habits, external fisji-like

form, and ab.sence of hind limbs they resemble the last,

though in all other characters they are as widely i-emoved
as are any two orders anumg the Eiitlifria. The associa-
tion by systematists of the Celiirea and Sire)iia in one
grou]) can only be made either in ignorance of their true
structure, or in an avowedly artificial system.

All the remaining orders aremore nearly allied together,
the stejis by which they have become modified from one
general type being in most cases not difficult to realize.

Their dentition especially, however diversified in detail,

always resitonds to the formula already described (see

p. 353}; and, although the existing forms are broken up
into groups in most cases easy of definition, the discov-
eries already made in pateontology have in great measure
filled up the gaps between them.
Very isolated among existing Eulheria are the two

species of Elephant constituting the order called Probos-
cidea. These, however, are now known to be the survivors
of a large series of similar animals. Mammoths, Mastodons,
and Dinotlieriu, which as we pass backwardsin timegradu-
ally assume a more ordinary or generalized type; and the
interval which was lately supposed to exist between even
these and the rest of the class is partially bridged over
by the discovery in .\merican Eocene and early Miocene
formations of the gigantic Dinocerala, evidently offshoots

of the great group of hoofed animals, or i'lti/ulaln, repre-

sented in the actual fauna by the Horses, Rhinoceroses,
Tapirs, Swine, and Ruminants. Almost as isolated as the
Prohoscidea among existing mammals are the few small
species constituting the genus Jli/rax, and in their case
paUvontology affords no help at present, and therefore,

pending further discoveries, it has been thought advisable
in most recent systems to give them the honour of an
order to themselves, under the name of Hyracaidea. But
the number of extinct forms already known allied to the
I'nrinlata, but not coming under the definition of either

of the two groups (Artiodaclyla and Perissodactyla) under
which all existing species range themselves, is so great
that either many new orders must be made for their

reception or the definition of the old order Uiigulala so
far extended as to receive them all, in which ca.se both
Prohoscidea and Hyracoidea might be included within it.

.4^gain the Podentia, or gnawing animaks—Rabbits, Rats,

Squirrels, Porcupines, Beavers, &c.—are, if we look only

at the present state of the class most isolated. No one

can doubt what is meant by a Rodent animal, or have
any difficulty about defining it clearly, at least by its

dental characters
;
yet our definitions break down before

the extinct South American Mesutherium, half Rodent
and half Ungulate, which leads by an easy tran.sition to

the still more truly Ungulate Toxodon, for the reception

of which a distinct order (Toxodontia) has been proposed.

The Insectivora and the Carnivora again are at present

quite distinct orders, but they merge into one another

through fossil forms, and are especially connected by the

large group of primitive Carnivora, so abundantly repre-

sented in the Eocene deposits both of .\merica and Europe,

to which Cope has given the name of Creodonla. The
transition from the Insectivores to the Lemurs is not great,

and, strange to say, however different they now appear,

the early forms of Lemurs are not easily distinguished

from the jirimitive Ungulates. The Bats or Chiroptera

are allied to the Insectiz'ora in all characters but the ex-

traordinary modification of their anterior extremities into

wings, but this, like the want of the hind limbs in the

Celacea and Sirenia, make such a clear distinction between
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tliem and all ot!ier mammaU that, in tlie. absence ot any

knowledge of intermediate or transitional forms, they can

be perfectly separated, and form as well defined an order

OP any in the class. Lastly, we have the important and

well-characterized group, called Primates, including all the

Monkeys and Man, and the question is not yet solved as

*.o how and through what forms it is linked on to the

other groups. It is commonly assumed that the Lemurs
are nothing more than inferior I'rimates, but the interval

between them in the actual fauna of the world is very

great, and our knowledge of numerous extinct species

rei'Ratly. discovered in America, said to be intermediate in

characters, is not yet sufficiently perfect to enable us to

form a definite opinion upon the subject.

The distinctive characters of the generally recognized

orders of mammals, with an accour^t of their subdivisions

and the principal forma contained in each, will be given

further on.

GEOGRAPHICAL DISTRIBUTION OF MAMMALIA.-

The existing species of few classes of the animal kingdom
are better known than those of the Mammalia, and, owing
to the comparatively limited methods of locomotion or

transport which most of them possess, the area of distribu-

tion of each species is mors definite and restricted than in

some other classes, In the articles Birds and Distkibu-
TioN the various regions into which naturalists have
divided the earth's surface, according to the prevailing

characters of its animal inhabitants, have been described,

and in the latter the main facts connected with the

distribution of mammals have been treated of. In the

account of each group contained in the ;. resent article the

particular circumstances relating to its geographical range
will be mentioned. There is little therefore needed here,

except a brief summary jf the most important facts relat-

ing to this interesting subject.

As regards their distribution over the surface of the

earth, mammals may be divided into three groups accord-

ing to their principal methods of locomotion—(1) aerial,

(2) aquatic, and (3) terrestrial.

\. Aerial ifammals.—This group only comprises tne

animals composing the single cder Chiropicra, which
differ from all other mammals in the fact that their prin-

cipal means of transport from place to place is by aerial

flight, as in the majority of birds and insects. Broad
expanses of water, which form natural barriers to the
spread of terrestrial mammals, are therefore no obstacles

to their distribution ; accordingly we find the general rule

That mammals are not inhabitants of oceanic islands modi-
fied in their case. But even in this group, DOtwithstandiug
their exceptional powers of locomotion, diiTerent species,

genera, and families inhabit very definite areas. Each
Jioalogical region of the earth has its characteristic Bats

;

and those of the Now World and of the Old World are,

with very few exceptions, quite distinct. This subject will

be more fully treated of under the order Chiroptera.

2. Aquatic Mammals.—Many mammals grouped for the
present purpose as terrestrial pass a great portion of their
lives in brooks, lakes, or rivers, and, being dependent upon
euch waters for obtaining their subsistence, are necessarily
Jcbnfined to their vicinity ; but the truly aquatic mammals,
or those living constantly in the water, and unable to move
their quarters from place to place by land, are the orders
Cflacea and Sircnia, with Hiich may also be grouped the
Seals, forming the Pinniped division of the order Carnivora.

For the marine CUacea, animals mostly of largo size and
Endowed with powers of rapid locomotion, there aro
obviously no barriers to universal distribution over the
dcfaco of the earth covered by sea, except such as ar»^

interposed by uncongenial temperature ot absence of suit-

able fopd. Nevertheless it was thought some years ago that

the fact of a ^'hale or a Dolphin occurring in a sea distant

from that in which it had usually been found was sufficient

justification for considering it as a distinct species and im-
posing a new name upon it. There are now, however, so

many cases known in which Cetaceans from the northern

and southern seas, from the Atlantic and the Pacific Oceans,

present absolutely no distinguishing external or anatomical

characters upon which specific determination can be based
that the opposite view is gaining ground ; and, as lom^
species are undoubtedly very widely distributed, almost

cosmopolitan in fact, there seems little reason why many
others should not be included in the same category. The
evidence is satisfactory enough in those cases in which tho

intermediate regions arc inhabited by the same forms, tha

cases of "continuous areas" of distribution. In those in

which the areas of distribution are apparently discontinuous,

there may be more room for doubt ; but it must not ba
forgotten that the negative evidence is here of much lesa

value than in the case of land animals, as the existence of

Cetaceans in any particular part of the ocean is most easily

overlooked. The great Sperm Whale (Physeier macro-
cephalus) is known to be almost cosmopolitan, inhabiting

or passing through all the tropical and temperate seas,

although not found near either pole. At least three of tha

well-known species of Rorqual (Balxnoptera) of the British

coasts are represented in the North Pacific, on the South
American shores, and near New Zealand by species bo

closely allied that it is difficult to point out any valid dis-

tinctive characters, though it may perhaps be desirable to

wait for a more complete examination of a large series ol

individuals before absolutely pronouncing them to be

specifically identical. There is nothing yet known by
which we can separate the " Humpback Whales " {Mega,

j]te7-a) of Greenland, the Cape of Good Hope, and Japaa
The same may be said of the common Dolphin of the

European seas (^Delphinus delphis) and the so-called J).

bairdii of the North Pacific and D. forsteri of the

Australian seas. The Pilot Whala (Glohicephalus melas)

and the Pseiidorca of the North Atlantic and of Nen|
Zealand are also precisely alike, as far as present knew*
ledge enables us to judge. Many other similar cases might
be given. Captain Maury collected much valuable evidence

about tho distribution of the larger Cetacea, and, finding

Right Whales {Balsenaj common in both northern and
southern temperate seas, and absent in the intermediate

region, laid down the axiom that " the torrid zone is to the
Right Whale as a sea of fire, through which he cannot
pass." Hence. all cetologists have assumed that the Right
Whale of the North Atlantic (B. biscat/ensis), that of the

South Seas (B. australis), and that of the North Pacifio

{B japonica) are necessarily distinct species. The anato-

mical structure and external appearance of all are, how:
ever, as far as yet known, 'marvellously alike, and, unless

some distinguishing characters can be pointed out, it seenit

scarcely justifiable to separate them upon geographical^
position alone ; as, although the tropical seas may bo^
usually avoided bj them, it scarcely seems impossible,

or even improbable, that some individuals of animalo

of Buch size and rapid powers of swimming may not have
at some time traversed so small a space of ocean as

that which divides the present habitual localities of these

supposed distinct species. If identity or diversity of struc-

tural characters is not to bo allowed as a test of species

in these cases, as it is usually admitted to be in others,

the study of their geographical distribution becomes no
impossibility.

Although many ^species'are^ thus apparently of enco

"^ude disiribtttun. otiiera ara certainly'reatricted ; thua tbt



374 i\t A M M A L 1 A [disteibutiohj

/

Arctic Eigbt Whale {Batsna mysltceius) has been conclu-

sively sliOHii to be limited iu its range to the region of the
northern circumpolar ice, and na corresponding species has
been met with in the southern hemisphere. In this case,

uot only temperature, but also the peculiarity of its mode
of feeding, may be the cause. The Narwhal and the

Beluga have a very similar distribution, though the latter

occasional)}' ranges farther south. The Hyperoodons are

restricted to the North Atlantic, never entering, as far as

is yet known, the tropical seas. Other species are exclu-

sively tropical or austral in their range. One of the true

Whalebone Whale.n {Xeohalxna maryinala) has only been
met with hitherto in the seas round Australia and New
Zealand, a large Ziphioid (^Eeraidius arnouxi) only near

the last-named islands.

The Cetacea are not limited to the ocean, or even to salt

water, some entering large rivers for considerable distances,

and some being e.xclusively fluviatile. One species of

Plalanisla is e.\tensively distributed throughout nearly the

whole of the river systems of the Ganges, Brahmaputra,
and Indus, ascending as high as there is water enough to

ewim in, but apparently never passing out to sea. The
individuals inhabiting the Indus and the Ganges must
therefore have been for long ages isolated without de-

veloping any definite distinguishing anatomical characters,

for those by winch the supposed F. indl was formerly

separated from P. gangcika have been shown by Anderson
to be of no constant value. Orcella Jhiminalis appears to

be limited to the Irawaddy river, and at least two distinct

species of Dolphin, belonging to different genera, are found
in the waters of the upper Amazon. It is remarkable, how-
ever, that none of the great kkes or inland seas of the

world are, according to our present knowledge, inhabited

by Cetaceans. A regular seasonal migration has been ob-

served in many of the oceanic Cetacea, especially those in-

habiting the North Atlantic, but further observations upon
this subject are still much needed.

The great difference in the manner of life of the Sirenia,

as compared with that of the Cetacea, causes a correspond-

ing difference in their geographical distribution. Slow in

their movements, and feeding exclusively upon vegetable

substances, water-grasses, or fuci, they are confined to

rivers, estuaries, or coasts where these grow, and are not

denizens uf the open sea, although of course there is a
possibility of accidental transport by th« assistance of

oceanic currents across considerable distances. Of the

three genera existing within historic times, one {Manatus)
is exclusively confined to the shores of the tropical Atlantic

and the rivers entering into it, individuals scarcely specifi-

cally distinguishable being found both on the American
and the African side of the ocean. The Dugong {Ualicore)

is distributed in different colonies, at present isolated,

throughout the Indian Ocean from Arabia to North Aus-
tralia. The likytina or Northern Sea-Cow was, for some
time before its extinction, limited to a single island in the

xtreme north of the Pacific Ocean.

The Pinnipeds, although capable of traversing long
reaches of ocean, are less truly aquatic than the last two
groups, always resorting to the land or to extensive ice-

Boes for the purposes of breeding. The geographical range
of each species is geCerally more or less restricted, usually

according to climate, as they are mostly inhabitants either

pf the Arctic or Antarctic seas and adjacent tempercie
regions, very few being found within the tropics. For
this reason the northern and the southern •species are for

the most part quite distinct. In fact, the only known
exception is the case o{ a colony of the Sea-Elephant
{Macrorliinits leoninus), the general range of which is in the
southern hemisphere, inhabiting the coast of California.

Even in this case a different specific name has been given

to the northern form, but the characters by which it is

distinguished are not of great importance, and probably,'

except /or the abnormal geographical distribution, would
never have been discovered. The most remarkable
circumstance connected with the distribution of the
Pinnipeds is the presence of members of' the order in the

three isolated great lakes or itdand seas of Central Asia-

—

the Caspian, Aral, and Baikal— which, notwithstanding
their long isolation, have varied but slightly from species

now inhabiting the Polar Seas.

3. Terrestrial Mammals.—One of the most important
facts connected with the present distribution of terrestrial

mammals, but one of which the cause is sufficiently

obvious, is their entire absence, except where introduced

by the direct agency of man, from all oceanic islands,

including even the great New Zealand group. Another,

cqinlly striking, but less easily explained, is the very

marked isolation as regards its mammalian fauna of the

Australian region of zoologists. When once the narrow
neutral ground on the border line between this and the

Oriental region is passed, there is not found, notwithstand-

ing the vast extent of land it comprises, a single indigenous

placental or monodelphous mammal, except a few species

of a single family {Mitridx) of the very wide spread order

Eodeniia,—the Wild Dog or Dingo having been in all

probability introduced. On the other hand, the members
of the other two subclasses, the Frolotheria or Ornitho-^

delphia and the Metalkeria or Didelphia, are almost entirely

restricted to this region. It might have been said entirely,

but for the presence of one family (DicMphida) of the

latter group in America.

The Eutheria or Monodclphia are distributed through-

out the remaining geographical regions, as described

in the article Distkieutio-N", and in many cases form
valuable indications by which the natural boundaries of

these divisions have been traced. Many anomalies,

otherwise inexplicable in the present range of families and
species, have been cleared up by the study of' their

distribution in former geological epochs, a subject in

relation to which the present facts of distribution should

always be studied. There are few lines of evidence; so

conclusive as this in favour of the existing species being

modified lineal descendants of those which have lived ia

previous times upon the earth. ^

HISTOKY OF THE MAMMALIA IN PAST TIMES.

As already intimated, such knowledge as we yet possess

of the history of mammals in past times is of very recent

growth, and is still extremely incomplete. The very rapid

advances which have been made in the last few years,

especially in consequence of the explorations of rich

fossiliferous beds in North America, have not only com-

pletely changed the present aspect of the science, but give

such promise for the future that any sketch which we
might now attempt of this branch of the subject could only

be regarded as representing a transient phase of knowledge.

It will be well, however, to gather together in this place

the leading facts now ascertained With regard to the most

ancient forms, as, owing to the uncertainty of their rela-

tionship with any of the existing orders, they will be most

conveniently treated of separately, while the ascertained

facts relating to the geological history of the forms more

nearly allied to those now living will be more appropriately

described under the account of the different groups into

which the class may now be divided.

' On this subject, see A. Murray, Geographical Distribution <ij

Mammals, 1866 ; and espccinlly A. R. W-illace, The Geojraphica.

Diftrihution o/ Animals, 2 "ols., 1876, iuu aiand Lift, 1881.
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M^MiMAtS OP THE MtSOZOIC pERIOD.^

The Itithertf) discovered remains of mammals which ex-

isted anterior to the Tertiary period all belong to creatures

of very small size, the largest scarcely exceeding the

common Pulccat or Squirrel. .Some" ars known only by a

few isolated teeth, others by nearly complete sets of these

organs, and the majority by moro or less perfect specimens

of the- rami of the lower jaw. It is a very curious

circumstance that this part of the skeleton alone has been

preserved in siioii a large number of instances. No
complete cranium has ever been found, nor is there satis-

factory evidence of the structure of the vertebral column

or of the limbs of any single individual. The species

already described from European strata amount to nearly

thirty, which have been arranged in fifteen genera. Of

those by far the greater number have been found at a single

epot near Swanage in Dorsetshire, in a bed of calcareous

mud only 40 feet long, 10 feet wide, and averaging 5

inches in depth. The marvellous results obtained bj'the

exploration by Jfr S. H. Beckles.of this small fragment of

the earth's surface show by what accidents, as it were, our

knowledge of the past history of life has been gained, and
what may still remain, in store where little thought of at

present. A bed, apparently equally rich, Las recently

been discovered in the Territory of Wyoming, North

America, the contents of which are being made known by
Professor Marsh.

I. 2Iamm.aU of the Triassic Period.—The Rha;tic

formations, so named from the Ehaelian Alps of Bavaria,

are the highest beds of the Trias, and are situated above

the New Ked Sandstone, and just below the Lias. In

1817 Professor Plelninger of Stuttgart, while assiduously

sifting some sand from this formation, belonging to the

Keuper of Diegerloch and Steinenbronn, discovered, among
an immense mass of teeth, scale.?, and unrecognizable

fragments of skeletons of fish and saurians, two miaute

teeth, each with weU-dofined, enamelled, tuberculated

crowns and distinct roots, plainly showing their mammalian
character. These, the oldest known evidence of the class,

were considered by their discoverer to indicate a predaceous

and carnivorous animal of very small size, to which ho

gave the name of MicroUstes antiguits. Subsequently Mr
<?. Moore discovered in a bone bed of Rhajtic age filling a

fissure in the mountain limestone at Holwell, near Fromc
in Somersetshire, various isolated teeth with their crowns
much worn, but apparently including both upper and lower

molars and a canine, which are assigned by Professor

Owon to Plciningcr's genus Microlestes, and described

epecifically as M. mnorei. Under the name of Hypsi-

prt/mnopsis rha^ikus Prof: Boyd Dawkins* has described

a single tooth with two roots which he discovered in a
Rhajtic marlstono at Watchet in Somersetshire, and which

may be even somewhat older than the last. Professor

Dawkins finds the nearest analogue of this tooth among
recent mammals in the largo trenchant premolar of the

Rat-l^ngaroo or llypsiprymnvs (see vol. xiii. p. 840, fig. 4),

a resemblance not concurred in by Professor Owen, who
refers it to the genus Ilicrolestes. The minute size and
worn condition of tin tooth render it extremely difficult to

form a decided opinion upon its characters, and therefore

upon the affinities of the animal to which it belonged.

Still more satisfactory evidence of the presence of

mammals at a period at least as ancient as the European
Trias is afforded by the discovery of three nearly perfect

The Btiltjcct'i referred to under tlii-J licRding ore mostly described
imd fiinrcd in detail in Owen's " Monograph of the Fossil Mammalia
nf tho Mesozolc Formation.s, " PafitontojrapMcal Sodeltj's Publications,
1871 ; and In various papers by Marsh, in tho American Journal of
Science and Arts, 1878-80.

*(iMirl. Jour. Gcol. Soc, vol. x.x. \<. Ill, 186*

mandibular rami in the Chatham coal-field of North
Carolina by Dr Emmons, who, however, placed them as
far back in age as the Permian, or altogether beyond the
Mesozoic stage, a conclusion not now received. Of this

animal, called Droinatheriuni sylvtstre, the complete
dentition of the lower jaw b known, and consists of three

pointed incisors, separated by intervals, one canine, and
ten molars, of which the first three have simple snb-

compressed crowns, and. the remainder are multicuspid.

The jaw figured by Dr Emmons' is -j'j of an infh in

length. He considered it to belong to a placental

Insectivore, but the number of molar teeth exceeds that

of any existing member of that order, and is only found in

some Marsupials. It was associated in the same bed with
thecodont reptiles.

2. Mammals of the Jurassic Period.—In the ascending

order of geological age the nest remains of mammals have
been met with in the Lower Oolite at Stonesfield in

Oxfordshire, where they are associated with wing cases of

insects, Plesiosaurs, Crocodiles, and Pterodactyles. From
this bed several specimens Lave been met with at various

times, which have been placed in three genera.

A. Amphkherium, Blainville, 1S38. The specimen {A.

prevostii, see fig. 15) upon which this genus was founded,

was discovered in 1812, and csamined in 1818 at Oxford

by Cuvier, who pronounced it to be mammalian, and to

resemble the jaw of an Opossum. This conclusion was

afterwards disputed by De Blainville and others, who

.ElG. 15.—Lower Jaw and Teeth of ^'mphillieriumpreimU
(twice nat. eize). prom Owen.

believed it to be reptilian, but the original determination 13

now generally accepted.' Three rami of mandibles, all

more or less perfect, are now known. Tho length of the

jaw is rather less than an inch. It contains sixteen teeth,

which, as defined by shape only, are—t 3, c I, p G, m 6,

60 that if the upper jaw had a corresponding nnmbec

f10. 16.—Lower Jaw and Teeth of P!)aualollierium bueUandii
• (nat. size In outline). Fiom Owen.

there would be sixty-four teeth in all,—a greater number

than in any existing heterodont mammal, though equallct^

by some of the species from the Purbeck. The nearest

approach to this number is in }fyrmecohixis among recent

Marsupials. The incisors are rather long and slender, tho

canines apparently not much larger than the incisors, all

tho premolars and molars two-rooted—the former with a

single large pointed cusp and small basal cusp on one or

both sides, the latter quinquocuspidate. The lower margin

' American Grdopy, part vi.
, p. 03, 185".

* A full description of this interesting foisil, with a history of tho

discussion regarding its uaturc, is giveu in Owen's Bridsh Fossil

MaauMls and Birds.
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'10. 'n.—Slercoffim/iim. rortion of Jaw.
embedded in Oolitic inatvix (nat. Biac).
From Owca.

of the angulur jirocess is 8lip;Iitly inflected, and the mylo-

hyoid groove ]ier.sistent, ii.s in KOine of the existinfj Mar-

snpialrt and in Wlialebonc Whales. This si'oove, a remnant

of that which originally lodges Meckel's cartilage, mistaken

lor a suture, was once considered evidence of the reptilian

nature of these jaws. A second species is described as A.

broderipii (Owen).

B. Phascolotheriiim, Owen, 1839. This is founded on a
right ramus of the loner jaw, presenting the inner side to

view. Its length is l-t

inch. The number of teelli

resemble those of e.xisliiig

insectivorou.s mammals,
being i 3 or 4, c 1,;' and m
7, but not clearly defined

h'om each other. One spe-

cies, P. bucklandii{(\g. IG).

C.S<frfojriia(/i»(S, Charles-

worth, 1854. .S. iiolitictis

(fig. 17) is founded on a
fragment of a jaw of nii-

nutesizewitli three molar teetli in situ. The grinding sur-

face is of quadrate form, of very little height, and supports

six subeqiial cusps. Its affinities are quite problematical.

The freshwater bed previously alluded to, situated at

Durdlestone Bay near Swaimge, belongs to the Middle
Purbeck series, intervening between the Middle Oolite and
the Wealden. The first discovery of mammalian bones

was made in this spot by Mr. AV. U. Brodie in 1854, but

the subsequent explorations of Mr S. H. Beckles have
yielded a surprising nundier of species. They are associ-

ated with nimierous saurians, insects, and freshwater

shells, as Pahdlina, Planorbis, and C'l/clas. No less than
eleven genera from this locality alone are fully described

in Professor Owen's memoir. These may be grouped as

follows:

—

A. With teeth arranged on the insectivorous type.

Mandibular incisors more than two; canines well devel-

ojjed; premolars and
molars cuspidate,
seven or more: — (a)

molars and premolars
more than ^'^S^^'^t tio. is.—Spalacotlieritimlricmp,dmsai!\ei!hia,
mostly twelve {Spa- aizc), Pmbeck beds. From Owen.

lacotherium, Ainblotherium, Peralestes, Achyrodon, Pera-

spalax, Peramns, Sti/lodon and Polodon—the last known
only by the maxillary teeth);

(b) molars and premolars seven

or eight (Triconodon and Tria-

canthndon). As any synopsis of

the characters of these genera

would be scarcely intelligible Fio. 19. —Jaw of Tricmodon

without minute descriptions and """''" ("^'- ''"> ^''"'^ °'"="'

i-eference to figures, the reader who desires further infor-

mation is referred to the memoir cited above.

B. With a single, strong, pointed, slightly curved incisor,

placed close to the median line as in Rodents. No canine.

Three or four compressed, trenchant, obliquely grooved

Iiremolars, increasing in size from first to last, and two

small molars with low multituberculated crowns. Genus

Plagiaulax, Falconer. This remarkable and liighly

specialized type has been the occasion of one of the most*

interesting discussions on the inferences which may be

drawn as to the affinities and habits of an otherwise

unknown animal from the structure of a small portion of

its organization whidi occurs in the annals of natural

history, a di.scussion carried on with great ability,

ingenuity, and wealth of illustration on both sides. Dr.

Falconer maintained that it was more nearly allied to the

Rat-Kangaroo {Hijpsipr<jmntis) than to any other existing

form, and that, as it is known that these animals feed upon
grass and roots, " it may be inferred of Plar/iaulax that
the spiK'ies were herbivorous or frugivorous. I can see

nothing in the character of,their teeth," he adds, "to

Fio. iO.—Plagiaulax bmlaii (twice nat. «lzc). From Oven.

;

indicate that they were either insectivorous or omnivorous."
Professor Owen, on the other hand, fiora the same
materials came to the conclusion that " the physiological

deductions from the above-described characteristics of the

lower jaw and teeth of Pla(jiaula.T are that it was a
carnivorous Marsupial. P
It probably found its ^— ^

prey in the contemporary ^
small insectivorous mam'
nials and Lizards, sup-j

posing no herbivorous
form like Stercurjnalhns

to have co-exi.stcd during y.^. 2i._„„,,„„,„ „„•„„,. ^(„^, ,,„„
the Lpper Oolite period." • nat. size). From Lyeii.

It is impos.sibleheretogiveatany length the arguments by
which these opposing views are respectively supported,

but it may be indicated that the first-mentioned is strongly

countenanced by the consideration of the following facts:

—(1) all existing Marsujiinls may be divided, as far as
their dentition is concerned, into two groups

—

(a) those

which have a pair of large more or less procumbent in-

cisors close to the symphysis of the lower jaw, and rudi-

mentary or no canines (diprotodont dentition ; families

Phascolomi/idsc, Macropodidie, and Plidlaugistida), and (6)

those which have numerous small incisors, and large

pointed canines (polyprotodout dentition ; families Pera-

milid:c,D(t,<iyurid!e.an6 DidelphUUe); (2) the vast majority

of the former grouj) are ])urely vegetable feeders, and
almost all of the latter are carnivorous or insectivorous;

and (3) Phtgiaida.r, so far as its structure is known, be-

longs obviously to the former group, and, as we have no
sure basis for inferences as to the habits of an unknown

animal but the knowledge of the habits of such as are

known, we have no grounds for supposing that its habita

differed from those of its structural congeners.'

That the two tyi)es of dentition still found among
Marsupials should have existed side by side in soremotea

period of time as that in which the Purbeek bone bed was

deposited, and that one of these ty[ies should have already

attained so singular a degree of specialization, is one of the

most remarkable facts yet revealed by mammalian paloeon-

tology. Whether the te(?th of the upper jaw correspond

also to the modern diprotodont type is a question of great

interest, for the solution of which we must await future

discoveries, of which wchaveiuore hope since the'announce-

ment by Professor Marsh of the existence, in considerable

numbers, of small mammals in the American Jurassic

formations of the Rocky Mountains, which conform in all

IThe whole discussion Is contained In the following memoirs :—(1) H.

Falconer. "Description of Two Species of the Fossil Mammalian genus

l'laguiul<i:r, from I'urbeck," (Jnarl. Jour. Qml. Snc. August lB.'i7 ; |2) R.

Owen. art. " I'.'ila^ontology, " Encyclopadia Britannu-n, Fth ed., 1859; (3)

H. Falconer, On the Disputed Afflnlty of the Mammalian genus riaffl-

rtw/nr," (^tart*. .Jnur. Qenl. .Soc., November 1860; (4) K. Owen, "Mono-

graph of the Fossil Mammalia of the Mesozoic Formation," Palamto-

yrapfnctil Societl/, 1871.
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their general cnaracters to those of the English Puroecks,

some being even considered to be generically identical. Both

polyprotodont and diprotodont types are represented, the

latter by a species called by its discoverer C'tenacodoii

serratus, very closely allied to Flagiaulax.

It will be of very great interest to know the mode of

succession of the teeth of those early mammals, as ifmay
throw some light upon the cjuestion of the relation of the

succession of teeth in mammals generally with the same

process in the inferior classes of the Vertehraia. There is,

however, as yet very little, if any, reliable evidence upon

the subject, but such as there is rather points to the fact

of an absence or very feeble development of the diphyodont

condition, resembling that of modern Marsupials. If this

is so, it may lead to the somewhat startling conclusion

that in the transition from the lower vertebrate to the

mammal, by whatever process it took place, the indefinite

reproduction of the teeth of the former was lost, and

that a monophyodont condition supervened, which was

again superseded by the peculiar definite diphyodont mode
of succession characteristic of the most highly organized

mammals.
There is nothing yet known in the structure of these

small mammals of the Mesozoic ages of the world to connect

them with the surviving representatives (the Monotremes)

of the hypothetical Prototheria ; but whether their position

was among the Metalheria or Eutheria, or whether they

represented generalized forms from which both these

branches have been derived, it is impossible at present to

say. To avoid the difiiculty of endeavouring to find places

for them in any of the existing groups. Marsh proposes^ to

found two new orders for their reception

—

Paniotheria for

those of the polyprotodont or insectivorous type of dentition,

and Allotlieria for Plagianlax and its allies. The former

may bo convenient, but it is scarcely advisable to separate

the latter ordinally, as long as we continue to place

Phascolomys and Tliylacinus, Chiromys and Lemiir,

Trichecns and Phoca in the same orders, for Plagiaulax

and Amphiiherium do not differ in the characters of their

jaws and teeth more than any of these examples, which

show how much the dentition may be modified with com-

paratively little general diversity of structure.

Tliis scanty evidence of mammalian life must bear a

very small proportion to that which doubtless existed

during the greater part of the vast Mesozoic period. The
Cretaceous formations have as yet yielded no trace of the

presence of animals of this class; but the number and
variety of species met with in the earliest Tertiary forma-

tions, when already differentiation into most of the existing

leading divisions had taken place, strikingly proves the

imperfect state of our geological record during the immedi-
ately antecedent ages of the world.

characters of the different orders and
families and of the principal forms of
the mammalia.

Subclass TEOTOTHERIA or

OENITHODELPHIA.

The principal distinguishing characteristics of this group
have been already given (p. 371). They apply not only
to the subclass, but of course equally to the one order
MoNOTRF.MATA, in which the few known members of the
group are commonly associated. In additionto the more
important characters enumerated above, the following,

' " Notice of Jurassic Mammals representing two New Orders,"
American Journal of Science, xx., September 1880. Accounts of
further discoveries of forms allied to IHagiaulax, some surviving even
to tlio earliest Tertiary period, are given by Copo in the American
Ifaluralisl for November 1881 and May 1882.

which are common to all existing species, may be men-
tioned.

The dorso-thoracic vertebrae are nineteen in number,
and have no terminal epiphyses to their bodies. The
transverse processes of the cervical vertebrae are of auto-'

geoous formation, and remain suturally connected with the
remainder of the vertebra until the animal is full-grown.

Though in this respect they present an approximation to

the Sauropsida (Reptiles and Birds), they differ from that
group, inasmuch as there is not a gradual trausition froni

these autogenous transverse processes of the neck (or

cervical ribs, as they may be considered) into the thoracic

ribs, for in the seventh vertebra the costal element is much
smaller than in the other, indicative of a very marked
separation of neck from thorax, not seen in the Sauropsida.
The upper ends of the ribs are attached to the sides of the
bodies of the dorsal vertebra only, and not to the transverse

processes. The sternal ribs are well ossified, and there are

distinct partly ossified intermediate ribs. The cerebral

cavity, unlike that of the lower Marsupials or the Reptiles,

with which they have so many structural afhuities, is large

and hemispherical, flattened below and arched above,
and about as broad as long. The cribriform plate of the
ethmoid is nearly horizontal. The cranial walls are very
thin, and smoothly rounded externally, and the sutures

become completely obliterated in adult skulls, as in Birds.

The broad occipital region slopes upwards and forwards,

and the face is produced into a long and depressed rostrum.

The bony palate is prolonged backwards, so that the posterior

nares are nearly on a level with the glenoid fossa. The
mandible is without distinct ascending ramus ; the coronoid

process and angle are rudimentary, and the two halves are

loosely connected at the symphysis. The fibula has a broad,

flattened process, projecting upwards from its upper
extremity above the articulation, like an olecranon. In
the male there is an additional, flat, curved ossicle on the

hinder and tibial side of the plantar aspect of the tarsus,

articulating chiefly to the tibia, which supports in the adult

a sharp-pointed perforated horny spur, with which is con-

nected the duct of a gland situated beneath the skin of the

back of the thigh, the function of which is not yet clearly

understood. (A rudimentary spur is found in the young
female Ornithorhynchus, but this disappears when the

animal becomes adult.) The stomach is subglobular,

simple ; the alimentary canal has no ileo-crecal valve, or

marked distinction between large and small intestine, but

has a small, slender vermiform caecum with glandular walls.

The liver is divided into the usual number of lobes

characteristic of the Mammalia, and is provided with a gall-

bladder.

Although agreeing in so many important cnaracters, the

existing members of the group evidently represent two very

diverging branches, perhaps as far removed as are the

members of some of the accepted orders of the Eutheria.

It would, however, be encumbering zoological science with

new names to give them any other than the ordinarily

known family designations of Ornilhorhynchidx and
Echidnidx,

Family ORNITIIORHTNClIIDiE.

One genus, Ornithorhynchus, Blunienbacli, 1800." Cerebral ncmi-
sphcrcs smooth. Premaxillic and ninndible expanded anteriorly and
supporting a horny beak something like that of a duck, bordered ly
a nake<I and very sensitive membranous expansion. The pl.ace of
teeth supjilicd functionally by liorny structures, elongated, narrow,
and sharp-edged along the anterior part of the sides of the mouth,
and broad, llat-toppcd or molariform behind. Legs short, fitted

for swimmin"; feet webbed, each with five well-developed toes
armed with largo claws, and beyond which in the fore feet the
interdigital membrane is extended. Vertebra; : C 7, D 17, L 2, S 2,-

' The name Platypus, busto^ed by Sliaw in 1799, was preoccupied
by a genus of Coleoptera.

i5-i;
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C 21. Acetabulum not rciforatcd. Tongue not extensile. Mucous
membrane of small iatcstitw covcica with deJicato, close-sot traiii-
verso folds or ridycs. Tail rather short, broarl, and depressed.
Eyes very smalL Fur close and soft. Ono S)>ecies, 0. anntinvs
(shaw), 0. paradoxus {lihim.), the duck-billed Platypus, or 'Water-
Mole of the colonists, entirely aiiuatic in habits, divin^^ with great
faculty, and burrowing in the banks of rivers. It feeds on
Water insects, small raoUusca, and worms, and inhabits Australia
and Tasmania. See OKNiTUor,nvjccHi;s.

Family Echibitid^.

Cerebral hemispheres larger and well convoluted. . Facial portion
Bf skull nroduccd into a long, tapering, tubular rostrum, at the
end of which the anterior nares are situated.' Rami of mandible
slender,-.styliforra. Openins of mouth small, and placed below the
extremity of the rostrum. No laterally placed horny teeth, though
the palate and tongue aro furnished with spines. Tongue very
Ibng, vermiform, slender, and protractile. Lining rtiembrane of
small intestine villous, but without transverse folds. Feet not
webbed, but with long strong claws fitted for scratching and bur-
rowing. The hinder feet witli the ends of the toes turned outwards
and backwards in the ordinary position of the animal when on the
ground. Tail very short. Acetabulum with a large perforation, as
in Birds. Calcaneal spur and gland of the male much smaller than
in OrnUhorhtjnchtts. Fnr intermixed with strong, sharp-pointed
spines. Terrestrial and fossorial in habits, feeding exclusively on
ants, and recalling in the structure of the mouth and various other
parts relating to the peculiar mode of life the true Anteaters of the
order Edentata.

\ Keceut discoveries have shown that there arc two distinct forms
of this family, which may even be considered of generic value.
I £c/jW)ia (Cuvier, 1797) or Tnc/iy/^tesHS ( lUiger, 1811).'—Claws
five on each foot. Rostrum moderately developed and strai''ht.
Vertebra : C 7, D 16, L 3, S 3, C 12. Tongue tapering at the tip, th*
spines Testricted to the basal portion. The best-known species
is E. aculeala (Shaw), found in Australia and Tasmania. The
specimens from the latter locality, with longer fnr almost conceal-
ing the spines, have been separated specifically under the name of
E. setosaiCwY.). Another species, i:. Z«if«u "(Ramsay), has lately
been discovered in southern New Guinea. See EcmnNA.-

Acanthoglossus (Gervais).—Ungual phalanges and claws present
only on the three middle digits of both fore and hind feet; Ros-
trum much elongated and curved downwards at the end. Vertebne :

C 7, D 17, L 4, S3, C 12. Tongue somewhat spoon-shnpcd near the
tip, and armed on its dorsal surface with three rows of recurved
spines. One species : A. bruijnii (Peters and Doria) (fig. 22), from

[moxoteemata.

Fio. 22.

—

Acanthoglossus hruijnii. From GeiTals.

the mountainous regions of the northern part of New Guinea ; con-

siderably larger than 'E. actdeata. The external characters and
osteology of this animal, ono of the most interesting of recent

zoological discoveries, have been fully described and figured by
Gervais {OsUojraphie des Mouolrlmcs, Paris, 1878).

Amon" bones of extinct Marsupials of Pleistocene age from the

Darling Downs, Mr Krefft found a portion of a humerus of an

Echidna, considerably larger than the existing Australian species,

which he has named E. oiveni.' Notwithstanding the strong pre-

sumption of antiquity of the Monotromatous t\'pe, derived from

its inferiority -of structure, no fossil remains of earlier date, re-

ferable to it, or connecting it ivith the lower vertebrates on the

one hand aad the higher mammals on the other, have yet been
discovered.

' Tlie latter name is often used now, under the impression that
Echidna is preoccupied by Forster (1778) for a genus of Puces; but,
as that was not characterijcd in arecognizable manner, the author even
omitting to name the species for which it was intended, it is ntw
generally considered a synonym for MurTena (see Gunther's Catalogue

of FCshi^, and is scarcely suflicient to bar. a name so nniversaHy
acknowlodje'l and so deeidy rooted in mammalian literature. Merrem's
genus lichidna {RrplUiu) is of later dale, viz., 1820.

.' Annals and Mag. NaL. Uist., 1558, vol. i. (scr. iv.) p. 113.

SucciASS METATHERIA or DIDELrHIA.
Although tbo great diversity in external form, iu many

anatomical characters, and in mode of life of various
animals of this section might lead to their division into
groups equivalent to the orders of the Eutlwia, it is more
convenient on the whole to adhere to the usual custom of
treating them all as forming ono order called Marsupialia,
the limits of which aro therefore equivalent to that'of the
subclass. The moTo essentially distinctive characters hdvo
been already pointed out (p. 371). Thase may be mora
fully fitated as follows.

The braia ia generally amall in proportion to the size of
the animal, and the surface folding of the cerebral hemi-
spheres, though well marked in the larger species, is never
very complex in character, and is absent iu the smaller and
medium-sized species. The arrangement of the folding of
the inner wall of the cerebrum diflers essentially from that
of all known Eutheria, the hippocampal fissure being con-

tinued forward above the corpus callosuni, which is of

very small size. The anterior commissure is, on the other
hand, greatly developed.^

There are always true teeth, implanted in the usual

manner in both jaws, and divisible, according to theii- posi-

tion and form, into incisors, canines, premolars, and molars ;

but they vary much in number and character in the difierent

families. Except in the genus Pliasrolomys, the number
of incisors in the upper and lower jaws is never equal Th&
true molars are very generally four in number on each sid^

of each jaw. The chief peculiarity in the dentition lies,

however, in the mode of succession. There is no vertical

displacement and succession of the teeth, except in the case

of a single tooth on each side of each jaw, which is always

the hindermost of the premolar series, and is preceded by a

tooth having more or less of the characters of a true molar

(see fig. 2.3), and is the only tooth comparable to those.

?WS>v\^

Fio. 23 Tcctll of Upper .Taw of Opotsum iDidtlphys virginianaX qU of whicli

are unchanged, except the third premolar, the pl«cc of which is occupied In

the young ui.imal by a molaiUorm toolli, icprescuteU in the fiBiirc below tha

line of ihc otiicr tetth.

called "milk teeth" in the diphy«dont Evtherku In

some cases (as in Hijpsiprymiins) this tooth retains its

place and function until the animal has nearly, if not quite,

attained its full stature, and is not shed and repkced by

its successor until after all the other teeth of the permanent

series, including the posterior molars, are fully in place and

use. In others, as the Thylacine, it is most rudimentary

in form and size, being shed or absorbed before any of the

other teeth have cut the gum, and therefore quite function-

less. It must further be poted that there are some

Marsupials, as the Wombat, Koala, Myrmecobius, and

the Dasyures, in which no such milk tooth, even in a rudi-

mentary state, has yet been discovered, possibly in some

cases from want of materials for observation at the right

stage of development.

Epipubic or marsupial bones are present in both sexes

of nearly all snecies. In one genus alone, Th-yladnv?,

they are not ossified. The number of dorso-lumbar

vertebiTO is always niDeteen, although there are some

apparent exceptions caused by the last lumbar being

' W. H. Flower, " On the Commissures of the Cerebral Hemispheres

of the Marsupialia," &c., PhU. Trans., 1865, p. G33.
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modified into asacrai vertebra. The number of pairs of libs

is nearly always thirteen. The tympanic bone remains

permanently distinct. Tho carotid canal perforates the

basi-sphenoid. The lacrymal foramen is situated upon or

external to the anterior margin of the orbit, and there are

generally large vacuities in the bony palate. Tho angle of

the mandible is (except in Tarsipes) more or less inflected.

The hyoid bones have always a peculiar form, consisting

of a small, more or less lozenge-shaped basi-hyal, broad

cerato-hyals, with the remainder of the anterior arch usually

uDossified, and stout, somewhat compressed thyro-hyals.

There are two anterior vente cava?,* into each of which a
" vena azygos " enters. In the male the testes are always

contained in a scrotum which is suspended by a narrow

pedicle to the abdomen in front of the penis. The vast

deferentia open into a complete and continuous urethra,

which is also the passage by which the urine escapes from

the bladder, and is perfectly distinct from the passage for

tho faeces, although the anus and the termination of the

uxethrosexual canal are embraced by the same sphincter

muscle. The glans is often bifurcated anteriorly. In the

female tho oviducts- never unite to form a common cavity

or uterus, but open separately into the vagina, which at least

for part of its course is double. During the very short

period in which the embryo is containjed in the uterus, its

nourishment seems to be derived from the umbilical

vesicle, the allantoic vessels not reaching the surface of

the chorion to form a true placenta. The mammae vary

much in number, but are always abdominal in position,

have long teats, and in most of the species are more or less

enclosed in a fold of the integument forming a pouch or

marsupium, though in some this is entirely wanting, and
the newly-born, blind, naked, and helpless young, attached

by their mouths to the teat, are merely concealed and
protected by the hairy covering of the mother's abdomen.
In this stage of their esistenco they are fed by milk

injected into their stomach by the contraction of the

muscles covering the mammary gland, the respiratory organs

being modified temporarily, much as they are permanently
in the Cetacea,—the elongated upper part of the laryas

projecting into the posterior nares, and so maintaining a frfie

communication betweert the lungs and the external surface

independently of the mouth and gullet, thus averting the

danger of suffocation while the milk is passing down the

latter passage.

The existing species of Jfnrsnpiala are, with the excep-

tion of one family (the DidefpkiJx), limited in geographical

distribution to the Australian region, forming the chief

mammalian fauna gl Australia, New Guinea, and some of

the adjacent islands. The Dide/phidx are almost purely

neotropical, one or two species ranging northwards into the

Nearctic region. Fossil remains of members of this family

have also been found in Europe in strata of the Eocene and
early Slioceno period

In dividing the Marsupials into minor groups, it may be
observed that one of the most obvious distinctive characters

among them is derived from the form and arrangement of

the teeth. In certain species, as the Opossums, Dasyures,

and Thylacines, the incisors are numerous, small, and
subequal in size and the canines large, as iu the typical

placental Carnivores (fig. 24 ; compare with that of Lion,

vol. xiv. p. 680). To these tho term " polyprotodont " is

applied, and they are all c^ire or less carnivorous in their

habits. In others thp ientral incisors are very prominent,

and tho lateral incisors and canines absent or subordinate

in fanotion (fig. 2i5). These are cailed " diprotodont,"

and they are all wholly or in great part vegetable feeders.

* E.«cept in lididcut breviceps (Furbcs, Proc. Zool. Soc, 1881,
188>,

Ic one group of these, the Wombats, there are but two
incisors abuve and the same number below ; but all the

others, including the Kangaroos, Koalas, and Phalangers

Fig. 24.— Front View of Skull of Da^inrus ursintis, shoMinp polyprotodont and
carnivorous dentition (t'roc. Geoi. Soc., 18C8, p. yl3).

have two incisors below and as raany as six above, three

on each side, but of these the first or central pair is the

most fully developed.

Though this division is extremely convenient, a difficulty

in accepting it as

marking a radical

separation of the

order into two pri-

mary stocks is caused

by the Fcramelidse, I

which combine a poly-

protodont form of

dentition with a pecu-

liar structure of the

hind feet, so exactly

resembling that of

some of tho best-

marked diprotodonts,

as the Kangaroos,

that it is difficult to

believe that it cau

have been developed

independently. Tak-
^.^^ ,^_^^.„„^ ^icw of skuii of Ko«ia (w««f.

ing various COmbma- antos dmreus). sliowine diprotodont and hoi^

tions of characters i>ivorou5denution(/'r«, c?«;.&c., isG8,p.3i3),

into consideration, the existing Jfarsupials readily group

themselves into six very natural families, the charactr

which can be thus defined :

—

A. Teoth rooted.

a. Polyprotodont. — Incisors niunerous, «mall, snbequal.

Canines larger than the incisors. Molars with sharp

tubercles.

a. Incisors {. Hind feet with the fonr outer toes sub-

equal, distinct, and a well-dcvelojwd opposablo

hallux. 1. Didelphidns.

Incisors %. Hind feet with four enter toes distinct,

subequal. Hallux small or rudimentary; rarelj

opposable. 2. Dasyuridee,

Incisors f. Hind feet long, narrow. Fourth too

larger than all the others. Hallux rudimentary or

absent. Second and third toes very slender and
united in a common integument (syndactylous).

3. PcramcUdsi.

b. Diprotodont.—Incisors f. Central upper and lower incisors

lariie and cutting. Canines absent or small. Molars

with blnntly tubcrcuUt£<I or transversely ridged crowns.

Hind feet syndactylous.

a. Hind limbs disproportionately large, with feet as \9

T'eramdida;. i. Macropodidm.

0. nind limbs not disjiroportionately li"^". Feet
broad, with four snbeqnal outer toes, :;:.d a laig«

opposable hallux, 5. Phalangistidst

P-

y-
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1J."AI1 the teeth with persistent pulps.' Incisors ?, large, scnlpri-

form.-with enamel on the outer surface only. No canines.

Hiud feet with four snbeqnal outer toes
;
partially sjiidactylous

and with rudimentary hallux. 6. Phascolomyidm.

Family DicELPniDA

Dentition : ii, c\, p\, m \; total 60. Incisors very small niul

pointed. Canines large. Premolars with compressed pointed
crowns. Mofars with numerous sharp cusps. The third premolar
preceded by a deciduous multicuspidate molar, which remains in
place until the auinjal is nearly adult. Limbs of moderate develop-
ment, each with five complete and distinct toes, all of which are
provided with short, compressed, curved, sharp claws of nearly
equal size, except the first toe of the hind foot or hallux, which is

large, widely separable from the others, to which it is opposed in
climbing, and terminates in a dilated rfiunded extremity, without
a nail. Tail generally long, partially naked and prehensile.

Stomach simple. Cascum of small or moderate size. Pouch in

some complete, in others represented by two lateral folds of the
abdominal integument, partially covering the teats, while in some
all trace of it is absent. Vertebrae : C 7, D 13, L 6, S 2, C 19-35.
The Didclphidfe., or true Opossums, differ from all other Marsu-

pials in their habitat, being peculiar to the American continent.
They are mostly carnivorous or insectivorous in their diet, and arbo-
real in habits. One slightly aberrant form, with ivebbc'l hind feet,

and aquatic mode of life, constitutes the genus C'hircvectcs. The
other numerous species are commonly included in the genus Di-
delphys. See Opossum.

Family Dasttridjs.

Dentition : i \, c |, p an^ m numerous, variable. Incisors small

;

canines well developed j molars with pointed cusps. Limbs equal.

Fore feet with five subequal tees with claws. Hind feet with the
four outer toes well-developed, and distinct from each other and
bearing claws ; the first (or hallux) clawless, generally rudimentary,
sometimes entirely wanting. Stomach simple. No caecum.
Predatoiy, carnivorous or insectivorous animals, inhabitants of
Australia, Tasmania, and the southern parts of New Guinea and
some of the adjacent islands. The aberrant genus ilyrmccobius,
though clearly a member of this family, is so sharply distinguished
from all the others as to render a division into .tvo subfamilies
necessary.

SubfamUy Dasyurinee.—This comprises the more typical
Dasyuridie, in which the premolars and molars never exceed the
normal number of seven on each side of each jaw, and in which the
tongue is not specially extensile.

r/iyfoKi'«!(s.—Dentition: ii, c^, p i; m i = i6. Incisors small,
vertical, the outer one in the upper jaw larger than the others.
Summit of the lower incisors, before they are worn, with a deep
transverse groove, dividing it into an anterior and a posterior cusp.
Canines long; strong, and conical. Premolars with compressed
crowns, increasing in size from before backwards. True molars in
general character"; resembling those of Dasyunis, but of more simple
form, the oasps being not so distinct nor sharply pointed. Milk

Fio. 26.—^Thylaclne {Thytacinus cynocephalui).

inolaT very small, and shed before the animal leaves the mother's
pouch. Geueral form very Dog-like. Head elongated. Muzzle
pointed. Ears moderate, erect, triangular. Fur short and closely

applied to the skin. Tail of moderate length, thick at the base

and tapering towards the apex, clothed with short hair. Hallux
(including tne metacarpal bone) wanting. Vertebra;: C7, D 13, L6,
S 2, 23. Marsupial bones represented only by small unos.sificd

fibro-cartiLiges,

The only known species of this genus, T. cynocephalus, thongtj
smaller than a common Wolf, is the largest predaceous Marsupi.'l
at present existing. It is now entirely confined to the island ji
Tasmania, although fragments of Ijones and teeth found in caves
afford evidence that a closely allied species once inhabited the
Australian mainland. The general colour of the Thylacine is grey
lirowu, but it has a series of transverse black bands on the hindct
part of the back and loins, whence the name of " Tiger" frequently
applied to it by the colonists. It is also called " Wolf," and some-
times, thougli less appropriately, " Hya;na." Owing to the havoc
it commits among the sheepfolds, it has been nearly exterminated
in all the more settled parts of Tasmania, but still finds shelter in
the almost impenetrable rocky glens of the raoretaountainous regions
of the island. The female produces four young at a time.
ila^yurKS.—Dentition : i t, c |, p ?, ni } ; total 42. Upper

incisors nearly equal, and placed vertically. In the smaller species
the first is slightly longer, narrower, and separated from the rest.

Lower incisors nearly vertical ia the larger, but sloping forwards
and upwards in the smaller species. Canines large and sharply
pointed. Premolars, in the typical forms, with compressed and
sharp-pointed crowns, and slightly developed anterior and posterior
accessory basal cusps. True molars with numerous sharp-pointed
cusps. In the upper jaw the first three with crowns having a
triangular free surface, the fourth small, simple, narrow, and placed
transversely. In the lower jaw the molars more compressed, with
longer cusps ; the fourth not notably smaller than the others.
Ears of moderate size, prominent, and obtusely pointed. Hallux
rudimentary, clawless, or absent; its metatarsal bone always pre-
sent. Tailgenerallylongandwellclothedwithhair. Vertebrae : C 7,
D 13, L 6, S 2, C 18-20. The true Dasyures are mostly inhabitants
of the Australian continent and Tasmania, where in the economy
of nature they take the place of the smaller predaceous Cami-
vora, the Cats, Civets, and Weasels of other parts of the world.

They hide themselves in the daytime in holes among rocks or

in hollow trees, but prowl about at night in search of the smalj
living mammals and birds which constitute their prey. The species

are not numerous, and divide themselves into two sections. (1)
Dasynrus proper includes D. maculatu^, about the size of a com-
mon Cat, inhahiting Tasmania and the southern part of Australia

;

D. vivcrrinus or niaugei, Tasmania and Victoria ; D. geoffroyi. South
Australia ; D. hallucatiis. North Australia ; D, albopundaliis, New
Guinea. (2) /Sarco^/aYits contains one species, D. ursinus, differ-

ing from the others in bchig a larger and heavier animal, with a
disproportionally large and broad head. Its teeth are relatively

larger and more massive, and hence more crowded in tlie jaws ; the
premolars especially are scarcely compr /ssed but rather conical

;

the lower molars want a cusp placed ne.' r the middle of the inner
border, found developfd in different dej.rees ia all the species of

the first section. - This animal is peculiar- to Tasmania, where it is

commonly known by the name of "Devil." Its prevailing colour

is black, its size about that of an English Badger, and its disposition

remarkably savage and voracious.

Phascorjalc.—This genus (more properly PhascoJogah) comprise^
a considerable number of small Marsupia'.s, none of them exceeding
a common Kat in size, differing from the true Dasyures in pos-

sessing an additional premolar,—the dentition be'ng i i, c\,p%,
m }; total 46,—and having the teeth generally developed upon aq
insectivorous rather than a carnivorous pattern, the upper middle
incisors being larger and inclined forwards, the canines relatively

smaller, and the molars with broad crowns, armed with prickly

tubercles. The muzzle is pointed. Ears moderately rounded and
nearly naked. Fore feet with five subequal toes, with compressed,
slightly curved pointed claws. Hind feet with the four outer toes

subequal, with claws similar to those in the fore feet; the hallux

almost always distinct and partially opposable, though small an4
nailless, sometimes absent. The food of these animals is almost

entirely insects, whicli some pursue among the branches of trees,

while others are purely terrestrial. They are found throughout

Australia, and also in New Guinea and the Aru and some of th?

adjacent islands. Variations in the details of the dentition an<J

of the structure of the hind limbs, and in the length and arrange-

ment of the hairy covering of the tail, have giren rise to several

subdivisions which will probably be accepted as generic by most

zoologists, although further investigations are required before theii

limits can be very satisfactorily defined.

P. cristicauda, a species with a thick compressed tail omi,

mented upon its apical half with a crest of black hair, differs from

the others by the very reduced size of the third premolar in th^

upper and its complete absence in the lower jaw, thus forming an

interesting transition in dentition towards Dasyuriis. It consti-

tutes the genus Chfetoccrcus of Krefft. • Another very aberrant form,

P. lanigcra, distinguished by the great elongation of the fore arm
and hind foot, and the complete absence of hallux, is Anlechinomyt

of the same author. It is an elegant little terrestrial mouse-like

animal, with large oval ears and long tail with the terminal part

bushy. Antkhinus and Podabrus are names proposed for othei

divisions of the group.



MAHSUPIALIA .] j\l A ]\r M A L I A 381
SiilifdmilyMyrmecobiinsB.—Molars anJ premolars exccfilingllio

normal miiiiber of seven on each skle. Tongue long and extensile.

Mijrmccobius.—Dentition : i i, c \,p .], m -J
or % ; total 52 or 54,

being the largest number of teeth in any existing jMar5Uiiial. The
distinction between the molars and premolars is not certain, as it is

not founded on a knowledge of the succession of the teeth, but on
their form. The teeth are all small and (except the four posterior

inferior molars) separated from eich other by an interval. Head
elongated, but broad behind. Muzzle long and pointed. Ears of

moderate size, ovate, and rather pointed. Fore feet with five toes,

all haA'ing strong, pointed, compressed claws, the second, third, and
fourth nearly equal, the fifth somewhat and the first considerably

shorter. Hind feet with no trace of hallux externally, but the

metatarsal bone is present. Tail long, clothed with long hairs.

Fur rather harsh and bristly. Female without any trace of a

pouch, the youn" when attached to the nipples being concealed

only by the long liair of the abdomen. Vertebrte : C 7, D 18, 1,6,

S3, C23.

Fig. 27.

—

Myrmecobiuifasciatus From Gould.

Of this singular genus but one species is known, M. fasciatus,

found in western and southern Australia. It is about the size of

an English squirrel, to whirh animal its long bushy tail gives it

some resemblance ; but it lives entirely on the ground, especially in

Bterile, sandy districts, feeding on ants. Its prevailing colour is

chestnut-red, but the liinder ]iart of the back is elegantly marked
with broad, white, transverse bands on a dark ground.

Famihj Pekamelidje.

Dentition :. i J, c |, ;i J, m -J ; total 48. Upper incisors small,

with short, broad crowns. Lower incisors moderate, narrow, pro-

clivous. Canines well developed. Premolars compressed, pointed.

Molars with quadrate tuberculated crowns. Third premolar pre-

ceded by a very minute molariform tooth, which remains in placo

until the animal is nearly full grown. Fore feet with two or

three of the middle toes of nearly equal size, and provided
with strong, sharp, slightly curved claws ; the other toes rudi-

mentary, llind feet long and narrow; the hallux rudimentary
or absent ; the secon/1 and third toes very slender, and united in a
common integument ; the fourth very large, with a stout elongated
conical claw; the fifth smaller than the fourth (see fig. 29). The
ungual phalanges of the largo toes of both feet cleft at their ex-
tremities (as in Manis among the Edentata, but in no other
Marsupials). Head elongated. Muzzle long, narrow, and pointed.
Stomach simple. Ctceum of moderate size. Poi^ch com[ilcto,

generally opening backwards. Alone among Marsupials they have
no clavicles.

The Pcramclidx form a very distinct family, in some respects
intermediate between the sarcophagous Casyuridec and the
Iihytophagous Macro2yodidee. In dentition they resemble the former,
rat they agree with the latter in the peculiar structure of the hind
feet In the construction of the fore feet they differ from all.other
Marsupials. They may bo divided into three genera.

Peramelcs.—Anterior and posterior extremities not dilTering
greatly in development. Fore feet with three middle toes wcU
developed, the third diglitly larger than the second, the fourth

somewhat shorter provided with long, strong, slightly curved,
pointed claws. Fiist and fifth toea very short and without claws.
Hind feet with hallux of one or two phalanges, forming a distinct
tubercle visible externally ; the second and third toes very slender,

Fig. 2S.—i', 1 .uin Ooultl.

of equal length, joined as far as the ungual phalanx, but with
distinct claws ; the fifth intermediate in length between these and
the largely developed fourth toe. Ears of moderate or small size,

ovate, pointed. Tail rather short, clothed with short adpressed

hairs. Fur short and harsh. Pouch opening backwards. Verte-

brre: C 7, D13, L6, SI, C17.
The animals of this genus, commonly called " Bandicoots" in

Australia, are all small, and live entirely on the ground, mak-
ing nests composed of dried leaves, grass, and sticks in, hollow

places. They are rather mixed feeders; but insects, worms, roots,

and bulbs constitute their ordinary diet. The various species are

widely distributed over Australia, Tasmania, New Guinea, and
several of the adjacent islands, as Aru, Kci, and New Ireland,

The best known are

—

P. fasciata, guniiii (fig. 28), myosur'us, nasvta,

olesula, and macrura from Australia, and P. doreyana, saffrayanq

and longicauda from New Guinea.

Macrolis.—Molar teeth curved, and with longer crowns and
shorter roots than in the last. Hinder extremities

proportionally longer, and hallux represented only g
by a small metatarsal bone. Muzzle much elon-

gated and narrow. Fur soft and silky. Ears very

large, long, and pointed. Tail long, its apical half cb

clothed on the dorsal surface with long hairs. Pouch
opening forwards. Vortebrse': C'7, D 13, L6, S 2,

C23.
But one species is known, M. lagotis, from

western Australia. It is the largest member of

the family, being about tho size of the common
Eabbit, to which animal it bears sufhcieut super-

ficial resemblance to have acquired the name of

"Native Rabbit" from the colonists. It burrows

in the ground, but in other respects resembles the

Bandicoots in its babit«.

Cliceropus.—Dentition generally resembliug that

oiPeramclcs, but the canines are less developed, and

in the upper j.aw two-rooted. Limbs very slender;

posterior nearly twice the length of the anterior.

Fore feet with tho functional toes reduced to two,

the second and third, of equal length, with closely

united metacarpals and short, sharp, slightly curved,

compressed claws. First toe represented by a

minute rudiment of a metacarpal bone ; the fourth XV
by a metacarpal and two small phalanges without a f,o. !9.-Skelcion

claw, and not reaching tho middle of the metacarpal of mm Foot of

of the third ; fifth entirely absent. Hind foot long

and narrow, mainly composed of tho strongly devel-

oped fourth toe, terminating in a conical pointed

nail, with a strong pad behind it ; the hallux repre-

sented by a rudimentary metitarsal ; the remaining

toes completely developed, and with claws, but ex-

ceedingly slender; the united second and third reacli-

4ng a little way beyond tho metatarso-phalangeal

articulation of tho fourth; the fifth somewhat
shorter. Tail not quite so long as tho body, and
covered with short nairs. Ears large and pointed,

and folded down when the animal is at rest. Fur
soft and loose. Pouch opening backwards. Ver-

tebrse: C7, D13, L6, SI, C20.
Tho only known species of this genus, chiefly remarkable for the

ninpuhr construction of its limbs, is an animal about tho siic of •

Charoput casta-

nolis. f, OS Caleb;

a, astragAlus

;

c^ CDbold ; fl,

Iiavlcu]nr;c3, ec-

toconelform; II,

and III, the
conjoined second
and third digits

:

IV, the. lai'Kc

and only func-
tional dlfiit; V,
ttio rudimen-
tary fifth dlRit.

Compare tlJs

foot with that of

the Kangaroo,
vol. xiii. p. ^'^^-
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emn'.l I'at, founJ in the intciior of the Anstralmn continent. lt<)

§nenl fakbits and food appear to resemble those of the other

Fio. so.—eharopua eaitanolis. From Gould.

'i'eramelidse. It was first described as C. ccaudatiis by Ogilby from

B mutilated specimen, but the specific name was afterwards changed

liy Gray to castaitotis.

Family Macropodids.

The general characters of this family, and an account of the

animals composing it, will bo found in the article Kakoakoo, vol
xiii. p. 888 sq.

Family Toal&suistidm.

Dentition (except in the aberrant genus Tarsipts): i f, the

first above strong, curved, and cutting, the other two gene-

Tally somewhat smaller ; the single lower incisor large, more

or less proclivous ; c ~-^ , upper small or moderate, conical and

harp-pointed; lower absent or quite rudimentary; pj^, variable
;

m t or J, with four obtuse tubercles. Limbs subequal. Fore

feet with five distinct, subequal toes with claws. Hind feet,

short and broad, with five well-developed toes ; the hallux large,

nailless and opposable ; the second and third slender and united by
a common integument as far as the claws. Stomach simple. Csecum
present (except in Tarsipes), and usually large. Pouch complete.

Animals of small or moderate size and arboreal habits, feeding on
vegetable or mixed diet, inhabiting Australia and the Papuan
Islands. Excluding Plutscolarctos and especially Tarsipes, they

form a very natural family. The latter is, however, evidently a
modified form of the same general type, chiefly aberrant in the

characters of its alimentary organs, which are adapted for a peculiar

mode of subsistence. It may constitute a distinct subfamily.

Subfamily Tarsipedinee. —Teeth almost rudimentary atid vari-

able in ntimber. Tongue long, slender, pointed, and very extensile.

Cajcum absent.

Tarsipes.—This is named from some supposed resemblance of its

foot to that of the Leniurine genua Tarsius ; but it must be remarked
that it has none of the peculiar elongation of the cakancum and
scaphoid so characteristic of that genus. Head with elongated and
slender muzzle. Mouth- opening small. The two lower incisors are

long, very slender, sharp-pointed, and horizontally placed. All the

ether teeth are simple, conical, minute, and placed at considerable

and irregular intervals apart in the jav-s, the number appearing to

vary in different individuals and even on different sides of the two
individuals. The formula in a specimen in the Museum of the Boyal

College of Surgeons is i j-^, c ^, p and )n |^ ; total 20. Eami
of the mandible extremely slender, nearly jtraight, and without
coronoid process or inflected angle. Fore feet with five wcU-
ieveloped toes, with small, flat, scale-like nails, not reaching to the
Utremity of the digits. Hind feet rather long and dcuder com-
pared vrith that of the Phalangistinm, with well-ilevelopcd opposable
^d nailless hallux ; second and third digits svndactylous, with
?harp compre.'ised cijrred claws; the fourth and fifth free, and with
*mall flat nails. Ears of moderate size and rounded. Tail longer

llian tlie body and head, scantily clothed with short hairs, pre-

hensile. Vert, brae: C7, D 13, L 5, S S, C 24.

Of this sinpular genus hut one species, T. rostrattts (fig. 31), is

(mown, about the size of a common Mouse. It inhabits western Aus-

tralia, lives in trees and bushes, uses its tail in climbing, and feeds

on honey, which it procures by inserting its long tongue into the

blossoms of MelaUucm, &c One kept in confinement by Mr GouliI

was also observed to eat flies.

Pig. 31.

—

Tarsipes i-ostraius, <^n>ai Gould.

Subfamily Fhalangistinse.
Teeth normal. Rudimentary lower canines present Tongue of

ordinary structure. No cheek pouches. Stomach and ascending

colon simple. Cacum long, simple. Tail well-developed.

A numerous gioup, varying in size from that of a Mouse to a large

Cat, arboreal in their habits, and abundantly distributed through-

out the Australian region. One section is distinguished by the

possession of a flying membrane, or fold of skin, extending on each

side of the body between the fore and hind legs, fonning when the

limbs are extended a kind of parachute, as in the Flying Squirrels,

and also by a non-])rehensile tail. This includes the genera

Tdaurtts, iclidcus, and Acrobata. The remainder have no such

membrane, and have the tail more or less prehensile, the under sur-

face at least of the apical portion l)cing bare. Those are the typical

Phalangers, or "Opossums" as they are commonly called in

Australia (genus Plialanyista), and their various modifioations, aa

Cuscus, PscudocMrus, and Dactylopsila. These will be more *ullv

described in the article PEAi^viiGEn.
Subfamily Phascolarctinse Teeth normal ; no rudimentary

lower canines. Tongue of ordinary structure. Distinct cheek
pouches. Stomach with a special gland near the cardiac orifice.

Caecum very long, and (with the upper portion of the colon) dilated

and provided with numer-
ous longitudinal folds of

mucous membrane. In
many anatomical cha-
rscters, especially - the
possession of a special

gastric gland, this group
resembles the Phasco-
lamiiidm, to which it

ob\iously forms a transi-

tion.'

Phascolardos.— Denti-

tion : i J, cl,]> I, <in i ;

total 30. Upper incisors

crowded togetner, cylin-

droidal, the first much
larger than the others,

with a bevelled cutting

edge (Gg. 25). Canine very
small ; a considerable in-

terval between it and the
premolar which is as long

p,„ 35._skeIcton or Htad Foot of Koal. ;P»«»7-
from before backwards orcioj emenus). showing the Btont opposaWo
but not 60 broad as tho hallus, foUowed by two slender toes, which In

true molars, and has a ">» U'loK animal »re enclosed aa Ju- as the a«il«

^- ] .., in a common integument,
cutting ed^, with a
smaller parallel inner ridge. The molars slightly diminishing in

size from the first to the fourth, with square crowns, each bearing

four pyramidal cusps. The lower incisors are semiproclivous, com-

> Cr. W. A. Forbes, Asatomjr of Ibe Koala," Prot. ZooS. Bx., 1881, p. 180,
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lircsscd ami tapering, bevelled at tliC ends. Premolars and molars

in continuous scries, ns in the npp'jr jaw. Fore feet with the

liyo inner toes slishtly separated from and opposable to the re-

maining tlircc, all witli stionft curved, and niucli compressed claws.

Iliiid loot with tlic liaUu.\ placed very far back, large and bro.-id, the

second and tliird (united) toes considerably smaller than the other

two ; the fourth tlie largest. No external tail. Fur dense and
woolly. Ears of moderate size, thickly clothed with long haii-s.

Vcrtebrje : C 7, D 11, L 8, S 2, C 8. Kibs eleven pairs, a rare ex-

ception to tlio usual number (13) in tho Marsupialia.

There is but one species, the Koala or Nativo Bear of the

Australian colonists (P. cincrcus), found fn'tho south-eastern parts

of the Australian continent. It is about 2 feet in Icngtli, and of

an aali-groy co'our, an eACelleut climber, and residing generally in

lofty JEucalyptiis trees, on tlio buds and tender shoots of which it

feeds, though occasionally descending to tlie ground in the night.

Kindred Fossil Forms.

Here nrny be noticed several genera of extinct Marsupials, the

remains of which have been found in the post-Tertiary deposits of

Australia, which agree wilk the Macropodidm and the PImlangistidm

in having J iiici-sois, thoso of the lowerjaw very large and proclivous.

As the whole of their structure, especially that of the hind feet, is

not yet known, their precise afllnities cannot be determined.

Liprotodon.—Dentition: i f, c ^, p \, in^\ total 28. The first

upper incisor very largo and scalpriforra. True molars with pro-

minent transverse ridges, as in Macroptis, but wanting the longi-

tudinal connecting ridge. Anterior and posterior limbs less dis-

proportionate tlian in tlio Kangaroos. 1). austraHs is a gigantic

animal compared with all existing Marsupials, surpassing a Rhino-
ceros in bulL

Notol/urimii.—Dental formula as in tho last, from AvhioU it

differs chielly in the incisor teeth, especially those of tlio lower jaw,

being much smaller. The skull is short, with the zygomatic arches

extremely broad. K. mitchclli and i^icrinc, both animals of great

size, though inferior to Diprolodon.

Thylacalco.—Dentition of adult: i J, c J, j) ^, in J; total 24.

First upper incisor nmch larger than tho others; cauiae and first two
premolars rudimentary. In the lower jaw tliero are also ono or two
small and early deciduous premolars

;
posterior premolars of both

jaws formed on tho same type as tlmt of Bi/iisipryvmns, but
relatively much larger ; true molars rudimentary, tubercular. One
species, r. carnifex. This animal presents a most anomalous con-
dition of dentition, the functional teeth being reduced to ono pair

Fio. 33.—Front VIow of Skull of TInlimriv cami/er. restored. X }.

From Pivc. Otot. Sec, 1868, p. 312.

of largo cutting incisors situated close to the median line, and ono
great, trenchant, compressed premolar, on each side above and
I'clow. It was first described as a carnivorous Marsupial, and
named, in accordance with its presumed habits, "as ono of tho
fidlest and most destructive of predatory beasts ;" but, as its allinities

nro certainly with tho Pluilaugislidx and Hncropodidss, and its den-
tition completely unlike that of any known predaccous animal, this
view has been called in qncstion.'

' Tho lowest Eocene formation of Now .Alcjico has recently yielded
nn animal {Plilodus mcdiicais) having a luajidibulor dentition allied

to that of ThylucoJco, and which goes somo way to bridge over the gap,
beWi in rtmoturo and lime, between this .and tho Mcsozoic I'layiau-
tacuia: (loo Cope in .inmican, An'andUt, June 1882)

Family PiuscoLosiTlD*.

Dentition : c i, i i, p \, m J -24. All the teeth with per-
sistent pulps. The incisors large, scalpriform, with enamel only
on tlic front surface, as in the Jiodcuiia. TIio molars strongly
curved, forming from the base to the summit about a quarter of a
circle, tho concavity being directed outwards in the upper and in-

wards in tho lower teeth. Tho first of the series (generally called
"premolar," though itappears to have no milk predecessor) single-
lobed ; tho other four composed of two lobes, each subtriangular in
section. Limbs equal, stout, and short. Fore feet with five distinct
toes, each furnished with a long, strong, and slightly curved nail,

tlie first and fifth considenibly shorter than the other three. Hind
foot with a very short nailless hallux, the second, third, and fourtti

toes partially united by integuments, of nearly equal length, the
fifth distinct and rather shorter ; all four provided with long and
curved n.ails. In the skeleton of the foot, the second and third
toes are distinctly more slender than the fourth, showing a slight
tendency towards the peculiar character so marked in the last three
families. Tail rudimentary. Stomach simple, provided with a
special gland situated near the cardiac orifice. Caicum very short,
wido, and with a peculiar vermiform appendage.

Tiie species of this family are few, and all contained in one genus,
Fhascolomys, with two well-marked sections, one containing tho
Common and Broad-nosed \Vombats, F. uombal ^ndplalyrliiKUS, the
other the Hairy-nosed Wombat, P. ladifrons. They are all terres-

trial and burrowing animals, generally slow in their movements,
and harmless in disposition ; they feed on roots and other vegetable
substances, and inhabit the southern parts of tho Australian con-
tinent, Tasmania, and tho islands of Bass's Straits. See Wombat.
Bibliography o/ifnriiipiaUa.—G. It. Waterhouse, Xat. Hist, ctf Hie ^fammalia,

TOL i. " Marsupiala," 1810; J. Gould, Mammals of Anilralia, 1803; R. Owen,
anicle *' Jlarsupi.'ilia," in Cactop. of jinalemy and P'/ipsiofogi/, and vniioas memoirs
"On Extinct Jlammals of "Austrnlia" in Pttitoiophicat Ttarisac/iont; W, H.
Flower, "Outiio Develoument and Succcs&lon of the Teiitll icthe JlarsapinUa,"
P/iil. Trans., 1867.

Subclass EUTHERIA or MONODELPHIA.
The remaining mammals are included in the Eutheri.*,

Placentalia, or MoNODELrniA, tlie leading characters of

which have been given at p. 372. Their affinities with

one another are so complex that it is impossible to arrange

them satisfactorily in any serial order. The Edentata may
be taken first as standing in some respects apart from all

the' others. The Sirenia and Cetacea are also somewhat
isolated, having undergone most remarkable modifications

from tho normal mammalian type. The Primates must be

placed at the head of the series. The position of the

others is quite arbitrary, as none of the hitherto proposed

associations of the orders into larger groups stand the test of

critical investigation, and palteontological researches have
already gone far to show that they are all modifications

of a common heterodont, diphyodont, pentadactyle form.

Order EDENTATA.
The name assigned to this group (which some zoologists

think ought rather to be ranked as a subclass than an
order) by Cuvier is often objected to as inappropriate, for

though some of the members arc edentulous, others have

very numerous teeth ; and the Linnrean name Bruta is

occasionally substituted. But that term is quite as objec-

tionable, especially as the group to which Linnieus applied

it is by no means equivalent to the order as now under-

stood, as the names of the genera contained in it, viz.,

Elephas, Tricheckiis, Bradi/pm, Myrmccopha^, Manis,

and Dasypiis, will indicate. It contained, in fact, all tho

animals then known which are comprised in tho modern
orders of Prohoandea, Sirenia, and Edentata, together

with the Walrus, ono of the Carnioora. If retained at

all, it should rather belong to the Proboseidca, as Elephas

stands first in tho list of genera, and was probably in

tho mind of Linnreus when he assigned the name to the

group. Cu%-ier'3 order included the Ornithorhmchits and
Eclddtta, tho structui'e of which was then imperfectly

known, and which are now by common consent removed to

an altogether difl'erent section of the class, but otherwise it?

limits are thoso now adopted. The name Edentata is 'ea

generally used, and its meaning so well understood, that it

would bo very undesirable to change it now ; iu fact similar
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reasons miglit be assigned foi ceasing to iisc nearly all the

other current ordinal designations, for it might be equally

well objected that all the Carnivoni are not flesheaters,

many of the 31aistipialia have not pouches, and so forth.

If the teeth are not always absent, they invariably exhibit

certain imperfections, which are indeed almost the only

common characters which bind together the various extinct'

6nd existing members of the order. These are—that they

are homodont and, with the remarkable exception of tho

genus Tatitsia, monophyodont ; they are never rooted but

have persistent pulps ; they ^re always deficient in one of the

constituents which enter into the formation of the complete

mammalian tooth, the enamel, and are never present either

in the upper or lower jaw in the fore part of the mouth,

the situation occupied by the incisors of other mammals.'
There is so great a difference in structure and habits

between some of the existing animals assigned to this

order that, beyond the negative characters just mentioned,

there seems little to connect them. The Sloths and
Anteaters, for instance, in mode of life, general conforma-

tion of limbs, structure of digestive organs, kc, appear at

first sight almost as widely separated as any mammals.
Pal.Tontology has, however, thrown great light upon their

relations, and proved their real affinities. Perfectly inter-

mediate forms have been discovered in the great Ground
Sloths of America, which have the dentition and general

form of the head of the Sloths, combined with the limbs

and trunk of the Anteaters. It is highly probable that

the existing members of the order are very much difteren-

tlai.ed representatives of a large group, the greater number
of which are now extinct, and which have become so with-

out ever attaining a high grade of organization. The great

diversity of structure of the exisling families, the high

degree of specialization to which many have attained, the

paucity of species and even of individuals, their limited

area of distribution, and their small size compared with

known ancestral forms, all show that this is an ancient and
a waning group, the members of which seem still to hold

their own either by the remoteness and seclusion of their

dwelling-places, by their remarkable adaptation of structure

to special conditions of life, or by aid of the peculiar

defensive armature with which they are invested. Their

former history can, however, only be thus surmised, rather

than read, at present ; for, though we Lave ample evidence

of the abundance and superior magnitude of certain forms

in the most recent or post-Tertiary geological age, and in

one part of the world, beyond this time, i.e., in the true Ter-

tiary period, and in other parts of the world than America,

the remains of animals of this order hitherto discovered are

only fragmentary, giving a most imperfect idea of their

actual structure, and affording no indications which serve to

connect them with any other branch of the class.

The existing members of the order readily group them-
selves into five distinct families, the limits of which are

perfectly clear. These are (1) BraJi/podidx, or Sloths;

(2) Myrmecophagidie, or Anteaters; (3) Dasypodidse, or

Armadillos; (4) Manidx, Pangolins or Scaly Anteaters;
and (5) Orycteropodidx, Aard-varks or African Anteaters.

The geographical distribution of these families coincides

with their structural distinction, the first three being

inhabitants of the New and the last two of the Old World.
It h^s been usual to arrange these families into two large

groups or suborders :—(1) the PhjUophaga, leaf-eaters, also

called Tnrdtgrada, containing the Bradypndidx alone ; and
(2) the Eiitomophaga, insect-eaters, or Venniliiigua, contain-

ing all tho other families, from which sometimes the

Orycteropodidx are separated as a third suborder under the

' In some fc« Armadillos tlie suture between the premaxilUi
anil ma.^illa passes beliiiul tho first upper tooth, but in .ill the otlicr

known ipemb(r: of the orJcr all the tcelU arc implanted in the maxilla.

name of Fffodientia. Such an arrangement is, however, au
artificial one, founded on superficial resemblance. Tho
bonds which unite the ilanidx to the ifynnecophagidx are

mainly to be found in the structure of the mouth, especially

the extensile character of the tongue, the great develop-

ment of the submaxillary glands, and the absence of teeth.'

These characters are exactly analogous to those found in

the Echidna among Monotremes, the Woodpeckers amoug
3irdg, and the Chama-leon among Reptiles,—the fact prob-

ably being that in countries where Termites and similar

insects flourish various distinct forms of vertebrates have
become modified in special relation to this abundance
of nutritious food, which could only be made available by
a peculiar structure of tho alimentary organs. A close

study of the more essential portions of the anatomy of these

animals- leads to the belief that all the American Edentates

at present known, however diversified in form and habits,

belong to a common stock. The llradypodidx, Jfegalhe-

riidx, and Myrmecophagidxare closely allied, the modifica-

tions seen in the e.visting families relating only to food and
manner of life. The ancestral forms may have been omni-

vorous, and gradually separated into the purely vegetable

and purely animal feeders ; from the former are developed

the modern Sloths, from the latter the Anteaters. The Ar-

madillos (Dasypodidx) are another modification of the same
type, retaining some generalized characters, as those of

the alimentary organs, but in other respects, as their defen-

sive armature, remarkably specialized. The two Old-World
families Manidx and Orycteropodidx are so essentially dis-

tinct, both from the American families and from each other,

that it may even be considered doubtful whether they are

derived from the same
.
primary branch of mammals, or

whether they may not be offsets of some other branch, the

remaining members of which have been lost to knowledge.

Family EKADYrODiD^.

Externally clothed with long, coarse, crisp hair. UcaJ short and
rounded. External ears inconspiciions. ' Teeth | in each jaw,

subcylindrical, of pei-sistent growth, consisting of a central axis of

vaso-dentine, with a thin investment of hard dentine, with a thick
outer coating of cement ; without (as far as is yet known) any suc-

cession. Fore limbs greatly longer than the hind limbs. All tho

extremities terminating in narrow, curved feet ; the iligits never

Fig. St.—Skull of Ttvo-tocd Sloth (Cholirpvt riiilaeli/lus). Tiom
JToc. Zool. Soc, 1S7I, p. 11.'.

exceeding three in number, encased for nearly their whole length

in a common integument, and armed with long strong claws. Tail

rudimentary. Stomach complex. No crecum. I'lacenta dccid-

uate, dome-like, composed of an aggregation of numerous discoiddl

lobes. Strictly arboreal in- habits, vegetable feeders, and limited

peograpliically to the forest icgions of South and Central Anieric.T

Two genera, Bradyjms and Cholccpus. See Slotu.

Family JlECAraERiiDi.

The members of this family are all extinct. Tlieir chsixac-

ters, so far .as is known from the well-preserved rctuuins ol

many species found abundantly in deposits of Plcistoeo^ie ago in

' See Froceedinjs of the Zoological Society of LoJiUon, 18S2, p. 3S&
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liotli North and South America, were intermediate between those of

the existing BraiUjpodidsB and the Mynnccophagidm, combining the

head and dentition of the former with the structure of the vertebral

column, limbs, and tail of the latter. Almost all the known species

are of comparatively- gigantic size, the smallest, Cielodon cscrivan-

etisis, exceeding the largest existing Anteater, and the Megatherium
being larger than a Rhinoceros. The dentition is usually J on each

Flo. 85.—Section of Upper Molar Teeth of iicgaihcrium. x |. From Owen.

Bide, as in the Sloths, but in Calodon ^. This genus, nnd in a still

more marked degree Mcgathcrhim, differ from all the others in the

details of the structure of the teeth. They are very deeply
implanted, of prismatic form (quadrate in transverse section); and
the component tissues—hard dentine (fig. 35, cf), softer vaso-dentine

(v), and cementum (c)—are so arranged

that, as' the tooth wears, the surface

always presents a pair of transverse

ridges, thus producing a triturating

apparatus comparable to the "bilopho-
dont " molar of Dinothcrium, Tapirus,

Manatus, Macropus, and others, though
produced in a ditferent manner. In all

the other genera the teeth are more or

less cylindrical, though sometimes later-

ally compressed or even longitudinally

grooved on the sides, and on the grind-

ing surface the prominent ridge of hard
dentine follows the external contour,

and is surronnded only by a thin layer

of cementum, as in the existing Sloths.

The genera of which the remains are

best known are Mylodon, (fig. 37), Lcsto-

don, Scdidothtrium, Oryphotherhim , and
Mtrjalonyx. In the last-named tho

anterior tooth of both upper and lower

jaws is largo and removed by a consider-

able interval from the others. Tho
osteological characters of these genera

have been fully described in the,works
of Cuvicr, Owen, Burmeister, Leidy,

Oorvais, Keinhardt, and others.

No Eocene Edentates have yet been
found in America. In the Miocene of
the Pacific coast of North America some
remains have been discovered, assigned Fin 3C.—lower Jnw onil Teeth

by Marsh to tho genus jVoro;)«s, tho
«' '"'Va</.cr<t-m. From Owen,

typo of a distinct family, the Moropidee. There aro two species, one
aoout as large as a Ta[iir, and one nearly twice that size. In the
Lower Pliocene, well-preserved remains of Edentates of very large

size have been found at several widely separated localities in Idaho
and California. These belong to tho genua Aforothcrium, of which
two species are known. East of the Pocky Mountains, in tho Lower
Pliocene of Nebraska, a largo species apparently of tho genus
Moropua has been discovered. None of these have as yet been fully

described or figured. Marsh believes that North America was tho ori-

ginal homo of the Edentates, and that they spread to the southern
portion of the continent towards the close of tho Tertiary period.

Family Mtrmecophaoid^b.

Ettomally clothed with hair. No teeth. Head elongated.

Uouth tubular, with a email terminal aperture, through which

the long, vermiform tongue, covered with (he viscid secretion of
the enormous siibmaxiibry glands, is rapidly protruded in feed-
ing, and withdrawn again with the ndhuring particles of aliment,
wliich are then sucked into the pharynx. In the nianus, the
third toe is greatly developed, and has a long f.nlcate claw ; the
others are reduced or suppressed. The pes has lour or five subenual
digits with claws. Posterior dorsal and lumbar vertebrae with ad-
ditional interlocking zygapophyses. Tail long, sometimes prcheu-
sile. Placenta dome-like or discoidal. The animals of this family
are tho "Anteaters";j(7r excellence. They feed exclusively on animal
substances, mostly insects. One species is terrestrial, the others
arboreal; none burrow in the ground. They aro all inhabitants of

the Neotropical region.

ilyrmecophaga.—Skull greatly elongated and narrow, its npper
surface smooth and cylindriform. Anteriorly the face is produced
into a long, tubular rostrum, ronnded above and flattened below, and
with terminal nares, and composed of the mesethmoid ossified for

more than half its length, the vomer, the maxilla?, and tho long and
narrow nasal bones, the premaxilla) being extremely short and con-.

fined to the margin of the anterior nares. The zygomatic arch is in-

com]dete, the styliform malar only articulating with the maxilla iu

front, and not reaching to the very short zygomatic process of the
sr|uaiuosal. The lacrymal foramen is in front of the margin of tho
orbit. There are no post-orbital processes to the frontals or any other
demarcation between the orbits and the temporal fossse. Palate ex-

Kio. 37.—Skeleton alifylodon nbuslus (Pleistocene, South Ameilco).

Fiom Owea

tremely elongated, and produced backwards as far as the level of the

external auditory meatus by the meeting in tho middle line of tho

largely developed pterygoids. The glenoid fossa a shallow oval

facet, with its long diameter from before backwards. Mandible very
long and slender, with an exceedingly short symphysis, no distinct

coronoid process, and a slightly elevated, elongated, flattened, con-

dylar articular surface. Vcrte'brte: C 7, D 15-16, L 3-2, S 6, C 31.

Clavicles rudimentary. In .the manus, the first digit is veiy
slender, the second also slender, with compressed phalanges of nearly

equal length. The third digit is immensely developed ; though its

proximal phalanx is extremely short, its ungual phalanx is so long
that the entire length of the digit exceeds that of the second. Tho
fourth has a long and rather slender metacarpal, and throo

phalanges diminishing in size, the ungual phalanx being very
small. The fifth has tho metacarpal nearly as long, but not so

stout as the fourth, and followed by two small phalanges, tho last

rudimentary and conical. Claws hro developed Opon all but the fifth.

In walking the toes aro kept strongly flexed, and have their points

turned upwards and inwards, the weight being supported upon a

callous pad over the end of the fifth digit, (ind by the dorsal sur-

faces of the third and fourth digits. The hind feet are short and
rather broad, with five eubequal claws, the fourth rather longest, tho

first shortest; the whole sole is placed on the ground in walking.

Body rather compressed, clothed with long, coarse hair. Tail

about as long os the body, and covered with very long hair ; not
prehensilo. Ears srnall, oval, erect. Eyes very small. Stomach
consisting of n subglobular, thin-walletl, cardiac portion, and a
muscular pyloric gizzard with dense epithelial lining. No ileo-

colic valve, and a short wide ill-defiued ca-'cum. Jlammio two,
pectoral.

Ther» is one species, M. julala, tho Great Anteater, or Ant
Bear, meoauring 4 feet in length without tho tail, ond upwards of

2 feet in height at the shoulder. Its prevailing colour is grey,

with a broad black band, bordered with white, commencing on tho
chest, and passing obliquely over tho shoulder, diminishing gradu-

ally in breadth as it approaches tho loins, where it ends in a point.
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U is extensively distributed in the trojiical parts of South and
Ceutml Auieiica, frequeutiug low swampy savannas, alonj; tlie banks
oC rivers, anil tlie depths of the humid foiestf, bat is nowliere

abuQiInut. Its food consists mainly of termites, to obtain which it

opens tlieir iiests with its powc ful sliarp anterior claws, audastho
insects swaim to tlio damaged p.irt of llicir dwelling, it draws them
into its mouth by means of'its 1 ig, flexible, rapidly-moving tougue

covercil with glutinous saliv.i. The Great Anteattr is quite terres-

trial in its habits, bcin;; never known to climb trees, nor does it

burrow undergiound lik« tha Armadillos. Though generally an
inoffensive animal, when attacked it can defend itself vigorously and
olTectively with its sabre-like auterior claws. ' The female beais but

a single young at n birth.

I'amaudiia.—This genus closely rosembles the last in anatomical

structure, but the head is much less elongated, the fur is short and
bristly, the tail, tapering, prehensile, w ith. tJie under side through-

ont and the whole of the terminal portion naked and scaly. The
stomach is similar to that of Sl)jrmccophaga, but with the muscular

pyloiic gizzard uot q^uite so strongly developed. There is a distinct

Fig. 33.—TjmanUim ATiteiittr (Tunaiuiiia lelradactyla).

Fiom ^M. Zoot. ;Scc., 1S71. pi. xliii.

ileo-colic valve and short globnhir cxcum. The fore foot has a very

laT"e claw on the tliird toe, moderate-sized claws on the second

and fourth, a very minute one on the first, and none on the fifth,

which is entirely concealed within the skin. The hind foot has

five subequal claws. Vertebroe: C7, DI7, L2, S 5, C37. There are

very ruJimentnry clariclcs.

The Tamandiia {T. teiradnciij!u) is mnch smaller than the Great

Anteater, and ditters essentially from it in its habits, being mainly

nrljorcal. It is an inhabitent of the dense primeval forests oP
South and Central Americit As different individuals vary much
in their coloration, it is po.-^ible that there may be more than one

species. The usual colour is yellowish-white, with a broad black

lateral band, covering nearly the whole of the side of the body.

Ci/doturiis. —The skull -is much shorter even than in Tamandiia,
and is arched considerably in the longitudinal direction. Itiliffers

from that of the other members of the family mainly in tho long

canal for tho posterior rares not being closed by bone below, as

the greater part of the p-ilatincs and the pterygoids do not meet in

the middle line. The mandible has a prominent, narrow, recun-ed

coiMnoid and a well-developed angular process ; it is strongly de-

curved in front. . Yertebne : C 7, D IC, L 2, S 4, C 40. Ribs remark-

ably broad and flat. Clavicles well developed. JIanus remarkably

inodifiei The third digit is greatly developeJ at the expense of all

the others ; it hi\3 a stout short metacarpal and but two phalanges,

of which tho most distal is large, compressed, pointed, and much
curved, and bcirs a very strong hook-like claw. The second digit

has the same number of phalanges, and bears a claw, but is very much
more slender than the third. The fourth is represented only by tho

metacarpal, and one naillcss phalanx, the first and fifth only by
very nidimentary metacarpals. Tho pes is also completely modifiea

into a climbing organ. The hallux is rudimentary, consisting of a

metatarsal and ona phalanx, concealed beneath the skin, but the

otW four tops are subequal and much curved, with long pointed

compressed claws. The tuber calcanci is directed towards tlio

plantar surface, ond parallel with it and exljending to about doubla

Its length is a greatly elongated sesamoid ossicle. These together

support a prominent calcarine cushion to which the nafls are

opposed in climbing. Stomach pyriforra, with muscular walls,

but no distinct gizzard-like portion, as in the foregoing genera.

Tlio' commencement of tho colon provided with two small cfcca,

resembling those of many Birds, narrow at the base, and rather

dilated at their terminal blind ends, and communicating with the

general cavity by very minute apertures. Tail longer than tho

body, tapering, bare on the under surface, and very prehensile.

Fnr soft and silky.

This genus has also but one species certainly known, the Little

cr Two-tocJ AnJcatcr (0. didad'jlus), lui animal not larger than a.

Rat, of a gcncial "yellowish colonr, .ind exclusively arboreal in its

liabits. Ic ia a native of the hottest' parts of South and Central
America.

Fa»iilj) -DasTpodid^.

The greater part of the skin strongly ..--sifiied. On the back and
sides the union of nnnjerous quadiato oi polygonal scutes forms
a harJ shield, usirally cousistiiig of an anterior (scapular) and
posterior (pelvic) solid portion (which overhang on each side the
parts of the body they respectively cover, forming chambers into

which tlie limbs are withdrawn), and a variable number of rings

between, connected by soft flexible skin so as to allow of curvature
of tha body. The top of the head has also a sinjilar shield

(cephalic), and the tail is usually encased in bony lings or plates.

Tha outer or exposed surfaces of the limbs are protected bv irregular

bony scutes, not united at their margins ; but the skin of the inner
surSice of the limbs and under side of the body is soft and more or

less clothed w ith hair. Hairs also in many species project through
apertui-es between the bony scutes of the back. The ossified

dermal plates are everywhere covered by a layer of homy epidennis.

Teeth numerous, simple, of persistent growth, and usually niono-

phyodont, but in one genus (Talusia) a succession of teeth has lieeii

obscrvetL Zygomatic arch of skull oomjilete. Cervical vertebrae

with extremely short, broad, and depressed bo<lies. The atlas free,

but the second and third, and often several of tho others, ankyluaed
together both by their bodies and arches. Lumbar veitebne with
accessory jygomatio processes, and very large metapophyscs,
supporting the bony carapace. Clavicles well developed. A third

trochanter ou the fcranr. Tibia and fibula ankylosed at their distal

extremities. Fore feet with strongly developed, curved claws,

ndajited for digging and scratching, three, four, or five in number.
Hind feet plantigrade, with five toes, all provided with nails.

Tongue long, pointed, and extensile, though to a less degree than
in the Antcaters. Submaxillary glands laigely developed. Stomach
simple. Placenta diseoidal, dccidnate.

The animals of this family are commonly called Armadillos, a
word of Spanish origin, ha\-ing reference to their arraouv-like

covei-ing. The existing species are all of small or moderate size.

They are mostly, though not universally, noctunial in their habits.

They are omnivorous, feeding on root^ insects, worms, reptiles,

and carrion. They are harmless and inoffensive creatures, onering
no resistance when caught, their principal means of escape from
their enemies being the extraordinary rapidity with which they can
burrow in the ground, and the tenacity with which they retain their

hold in their subterranean retreats. Notwithstanding the shortness

of their limbs they can run with great rapidity. Most of the species

are esteemed gooa eating hy the natives of the couutries in which
they live. They are all inhabitants of the open plains or the forests

cC the tropical and temperate parts of South America, with tho

exception of one species {Tntitsia pita), which ranges as far north
US Texas. Of the existing genera, CMamydophonis stands apart from
the rest in tlie fotmntion of its external co\-ering ; but in all other

respects Tatiisia is the most aberrant form, exhibiting a diflerent

type of structure of the fore feet, which in all the others shows
modifications, though in very var^-ing degrees, of tho same type.

SubfamilyChlamydophorinsB.— In most anatomical cluiracters,

especially the structure of tha fore foot, this little group resembles

the Dasypodinst, but it differs rcmark-ably 'from all other known
Armadillos, living or, extinct, in tho pecnliar modification of tho

dermal armour.

Chlaniydopliona.—Teeth ^5, subcylindrical, somewhat com-

pressed, moderate in size suiallcr at each end (especially in front)

than at the middle of the- series. Sknll broad and rounded beliind,

pointed in front. Muzzle subcylindrical and depressed. A con-

spicuous rounded, rough prominence on the frontal bone, just beforo

each orbit. Tympanic prolonged into a tubular auditory meatus,

curving upwards round the base of the zygoma. Vertebra? : C 7,

D 11, L 3. S 10, C 15. Upper part of head and trunk covered with

four-sided homy plates (with very small thin ossifications beneath),

fomiir-^ a shielil, free, and overhanging tho sides of the trunk, and
attached only along tjie middle line of the back. The plates are

arranged in a series of distinct transverse bands, almut twenty in

number between the occiput and the posterior truncated end, and not

divided into solid thoracic and pelvic shields with movable kinds

between. Tlic hinder end of the body is abruptly truncated and

covered by a vertically-placed, strong, solid, bony shield, of aij

oval (transversely extended) form, covered by thin epidermic plates.

This shield is lirmly ankylosed by five bony processes to the hinder

part of tlie pelvis. Through a "notch in the middle of its lower

border the tail losses out. The latter is rather short, cylindrical

in its proximal half, aud expanded and depressed or spatulate in

its terminal portion, and covered with horny plates. The dorsal

surfaces of the fore and hind feet are also covered with homy plates.

The remainder of the limbs and uu<lcr surface .and sides of the body

beneath the overlapping lateral parts of tlic dorsal shield are clothed

with rather long, vur^ soft silky hair. Eyes and ears very small,

and concealed by tho hair. Extremities shoit. Feet laij^, each
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itilli five well-devclopcil claw's, tliosc on tl«) fore feet very Ion<»,

stout, Diul siibcoinpn'sscd, the structure of the di^ts being essentiiiUy

tho same as tliose oCXcnunis aniJ'rioiloii.. Nipples two, pectoral.

Visceral anatomy closely resembling tbat of JMsi/pus, the caicum

being broad, sliort, and bifid.

C. Iruncalits.—Tho Pichiciago, a small burrowing animal, about

I) inches long, inhabits the sandy plains of tho western part of

the Argentine Republic, especially the vicinity of Jlendoza. Its

horny covering is of a pinkish colour, and its silky hair snow white.

It is rare, and its habits but little known. A second species,

C. rcltum, fmm Bolivia, has been described by Bnrmeistcr. It is of

rather larger size, and has tho dorsal shield attached to the skin of

the back, a» far as its edge, instead of only along the median line.

Subfamily I>asypodin8e.— Fore feet usually with all live digits

developed and with nails, though the lirst anil fifth may be

•uppresscd. The first and second long and slender, -with tl'.e

normal number and relative length of pluilanges. The othei-s itont,

witli short broad metacarpals, and with plialan~e8 greatly reduced

in length and generally in number by coalescence. The ungual

Shalaiix of the third very large, that of tho others gradually

iminishing to tho fifth. i)ast/pus, as now restricted, has the most
normal form of manus, but tho modifications so markedly developed

in oil the others (and culminating iu Tohijiciilcs) are foreshadowed,

ma it were, in it. Ears \rido apart. Manimre one pair, pectoral.

Dasypits.—Teeth ,^ or |, of which tho anterior in the upper

jaw is usually implanted in the preniaxillary bone. The scries of

teeth extends posteriorly some distance behind the anterior root of

the zygoma, almost level with the hinder edge of the palate. They
are large, subcylindric.al, slightly compressed, diminisliing in size

towards each end of the series ; the anterior two in the mandible

much smaller, and more compressed than the others. Cranial por~

tioii of tho sknll broad and depressed. Facial portion triangular,

broad in front and much depressed. Auditory bulla completely

osaiKeJ, perforated on the inner side by the carotid canal, and con-

tinued externally into an elongated bony meatus auditorius, with
its aperture directed npwards and backwards. (In all the remain-

ing genera o( Vasijimlinas tha tympanio bone is a mere half ring,

loosely attached to the cranium.) ilandible with a high ascending

lamas, broad transversely-placed condyle, and high slender coronoid

piocess. Vertebra: C 7, b 11-12, L 3, S 8, C 17-18. Head broad

«nd Hat above. Muzzle obtusely pointed. Ears of moderate size or

rather small, placed laterally, far apart. Body broad and depressed.

Carapace with six or seven movable bands between the scajnilar and
pelvic shields. Tail shorter tlmu tho body, taperiug, covered with
plates forming distinct rings near tho base. Fore»feot with five

toes ; the firet much more slender than tho others, and with a
smaller ungual phalanx and nail ; the second, though the longest,

also slender. Tho third, fourth, and fifth gradually diminishiu"

iu length, all armed with very strong, slightly cnrvetl, compressca
rbws, sloping away from an elevated rounded inner border to a

sharp, outer, and infciior edge. The hind foot is rather short,

with all live toes armed with stout, ciimpressed, slightly cur\-ed,

obtusely pointed claws,—the third tlio longest, the second nearly

equal to it, tho fourth the next, the first and fifth sliortcr and
nearly eijual.

To this genus belongs one of the best-known species of the group,

the Six-banded ArmadiHo or Euconbert {D. scrcidctiis) of Brazil and
Paraguay. A very similar epcies, D. rillosus, the Hairy Annadillo.

replaces "it south of the Rio Plata. There are also two very small

specie!<, D. vclkrostis and D. miiiutus, from the Argentine Republic

ttnd North Patagonia. Tho latter differs from the other throe in

having no tooth implanted in the prcmaxiilary bone.

Xcniincs.—Teeth J or 5, of moderate size and subcylindrical.

Tho most posterior placed a little way behind the anterior root of

the zygoma, butfiir from tho hinder margin of the palate. Cranium
somowhat elongated, •much constricted behind the orbits, and
immediately in front of the constriction considerably dilated.

Mandiblo eleiider ; coronoid process very small and sharp-pointed,

sometimes obsolete. Vertebrm: C7, D 12-13, L5, S 10, C18. Head
bro.ad behind. Ears rather large and rotmdeil, wide apart.

Movable bands of Carapace 12-13. Tail considerably shorter than

the bodv, and slender, covered with nearly naked skin, with but a

few snia'll, scattered, dci-mal bony plates, chielly on the under surface

and near the apex. On tho foro feet the first and second toes are

long and slender, with small claws and tho normal number of

phalangc.i ; tho other toes have but two phalanges ; tho third has

an immense falcate claw ; the fourth and fifth similar but smaller

claws. The hind feet are comparatively small, with five toes, with

mnall, triangular, blunt nails ; the thiij longest, tho first shortest.

The best known species of this genus, the Tatouay or Cabassou, A'.

imicinctua, is, after Priodon (ii(i«s, tho largest of tho group. It is

found, though not abundantly, in Surinam, Brazil, and Paragnny.

Others, A'. Iiirpiiiiis and lujtibris, have been dosoribod, but Uttlo is

ns yet known of them.
/ViorfoM.—Teeth varitiblo in number, and generally difloring on

tho two sides of each j;iw, usually fiom 20 to 25 on each side above

and below, so that as many as 100 may be present oltogothcr, but

as life advances the anterior teeth fall ont, and all traces ef their

alveoli disapiwar. Tho series extends as far back as the hinder

edge of the anterior root of the zygoma. They are all vciy small

;

in the anterior half of each scries they are strongly compressed,

having flat sides and a straight free edge ; the posterior teeth are

more cylindrical, with Hat, truncated, free surfaces. Vertebrae:

C 7, D 12, L3, S 10, C 23. Hc.id small, elongated, conical. Ears

moderate, ovate. Carapace with 12-13 movable banda. Tail nearly

equal to the body in length, gradually tapering, closely covered

with quadrangular scales, arranged in a quincunx pattern. Foro

feet with five toes, formed on the same plan as those of A'cnuriiS, but

with the claw of the third of still greater size, and that of the others,

especially the fifth, proportionately reduced. Hind foot aliort and

rounded, with five very short toes, with short, broad, flat obtuse

nails. Tho only known species, the Great Armadillo (P. gigas), is

by far tho largest of existing members of tJie family, measuring

rather more than 3 feet from the tip of tho nose to the root of the

tail, tho tail being about 20 inches long. It inhabits the forests of

Surinam and Brazil. The poweriul falcate claws of its fore feet

en.able it to dig with great facility. Its food consists chiefly of

termites and other insscts, but it is said to attack and uproot newly-

made graves for tlie Durposc of devouring the flesh of the bodies

contained in them.
TohjpoUcs.—Teeth ? or J, rather large in proportion to. the size

of the skull, the hinder end of the scries reaclijng nearly to the

posterior margin of the palate. Vertebra;: C7, DIl, L3,S12,C13.
Ears plated low on the sides of the head, rather large, broadly

ovate. Carapace with its scapular and pelvic Ehiclds very free at

the sides of the body, fonning large chambers into whichthe limbs

can bo readily withdrawn. Only three movable bands. Tail

short, conical, covered with largo bony tubercles. The fore feet

formed on tho same type as the last, but the peculiarities carried

out to a still greater extent. The claw of the third toe is very long

and falcate, the first and fifth greatly reduced and sometimes want-

ing. On tho hind foot the three -middle toes have broad, flat,

subequal nails, forming together a kind of tripartite hoof; the first

and fifth much shorter and with more compressed nails.

The Armadillos of this genus have the power of rolling them-
selves tip into a perfect ball, the shield on the top of tho head and
the tuberculated'dorsal surface of tho tail e.xactly fitting into and
filling np the apertures left by the notches at eithea end of the

carapace. This appears to be their usual means of defence when
frightened or surprised, as they do not bunow like the other species.

They run very quickly, with a very pccuUar gait, only the tips of

the claws of the fore lect tonching tho ground. Three species are

described;

—

T. iricinciiis, tlie Apar; T. conurus, the Matico; and
T. viurici.

Subfamily TatusiinBe.—This contains but one genus, Talvsiu.
—^Teeth 4 or f , very small, subcylindrical. The first and second sub-

compressed, the last con-siderably smaller than tho others. Theypre-
sent tho rematkable peculiarity "(uaitjue among Edentates, so far aa

Fio. S9.~0!yplodon claciptt (FIcUtocene, South Amcilca). From Oirea,

is yet known) of all being, with the exception of tho list, preceded

by two-rooted milk teeth, which are not changed until tlie animal
has nearly attained its full size. Yertebne : C 7, D 9-11, L fs S 8,

C 20-27. Head narrow, with a long, narrow, subcylindrical,

obliquely-truniated'snout. Ears rather lar^ orate, and erect, placcq

close tbgother on the occiput. Carapacowith seven to nine distinct

movable bands. . Body generally elongated and narrow. Tail mode-
rate or long, gradually tapering ; its dermal plates forming very dis-

tinct rings for the greater part of its length. Fore feet with four

visible toes, and a concealed clawless rudiment of the fifth. Ciaws
all long, slightly curved, apd very slender, tho third and fourth



388 M A M ]V1 A L I A [edentata.

subccjual aiij alike, tlic firtt :»nj louith rmioli slioitor. Ilitid ftct

with tivo toes, all aiine.l with stioDg, slIphtly-ciiiA'cd, conical,

obtusely-iioiiUeil nails. Tho thirit longest, then the second ami

fourth ; the first and fifth much shorter than the others.

This genus diflers from all the other Armadillos in having a pair

of inguinal mamnw, in .addition to the usual pectoral pair, and in

producing a large number (fnur to ten) of young at a birth, all tho

others having usually but one or two.

The I'cba Armadillo, T. scplcmcinda, is a well-known species,

Jiaving an extensive range from Texas to Taraguay. It is replaced

in the more southern regions of South America by a smaller species,

with shorter tail, tho ilulita ( T. hubrida),

60 called from the resemblance of its head

and ears to those of a mule. T. kapploi is

fi large species or variety from Surinam.*

Fossil remains of Das!/i>ociitis: have been

found by Lund and othei's in the caves of

Brazil in deposits of Pleistocene age. Same
ore attributable to existing genera, but

others are assigned to distinct modifications

of the type called Eurtjodon, Chlamydj-
thcrium, EHiatus, &c. In tho same region,

but still more abundantly in the Huviatil

deposits which cover the country in tl

neighbourhood of Buenos Ayres, are foun i

the remains of one of the most remarkab!-

forms ofmammals yet discovered, the Glypto

dous, or Ilophphoridx (fig. 39). They differ

from the existing Dasypodidx in their large

eize, and in having tho carapace composed of

a solid piece (formed by the union of a multi-

tude of bony dermal scutes) without any
movable rings, and in having also a ventral

piece.or plastron. The facial portion of the

skull is very short. A long process of the

maxillary bone descends from the anterior

part of the zygomatic arch. - The ascending

ramus of the mandible is remarkably high.

The teeth are f in all known species, all

much alike, having' two deep grooves or

flutings on each side, so as to divide them
into three nearly distinct lobes (fig. 40). The
vertebi'al column isalmost entirely ankylosed

into a solid tube, but there is a complex joint Fio. 40.—Teeth of Glypto-

at the base of the neck, to allow the head '''"' ^™^ ""'"•

being retracted within the carapace. The limbs are very strong, and
the feet short and broad, resembling externally those of an elephant

or tortoise. Many species of the family have been described and
ligurcd, especially by Burmeister (in the AnnaUs del Musco publico

de Buenos Aires), by whom five genera are recognized, which are

iUus charalterizetl :
—

T. Four toes only on the posterior feet.

A. Four toes on the anterior feet, the pollex being absent.

a. Cuirass thin but inflexible.

1. Hoplophorus :—U. cuphractus, H. ornaius, H.
eUgans, H. pttmilio.

b. The cuirass stronger, with clefts between the scutes

at the lower antero-lateral border, allowing of a

certain amount of flexibility.

2. Panoclithus :

—

P. tuberculattts, P. hullifcr.

B. Both pollex and fifth digit of the manus absent.

3. Dcedicurus :—D. gigantcus.

II. Five {lerfect toes on the- posterior feet, and four on the

anterior, the fifth digit of which is absent.

A. Tail elongated, with the rings of the base smooth, and
th« cuirassed apex cylindrical or tubular.

4. Gbjplodon:— G. davipes, G. rcticulatus.

B. Tail short, the rings tuberculatcd, the point round and
short.

5. SchistopUurum -.—S. clongatum, S. asperum,
S. lave.

Family Man-id.£.

Covered externally (except the nnd^r surface of the body and
inside of the limbs) with large imbricated horny scales, with
scattered hairsgiowing in the intervals. No teeth. Tongue long,

vermiform, and protraqtile. No accessory articular processes to
the lumbar vertebra, but the anteiior zygapophyses largely de-
veloped and very concave, completely embracing the semicylindri-
pal surfaces of the posterior zygapophyses. Limbs short, with five

' lA Binglc Impei-f ect skin, brought from the province of Ceara in Brazil, Indt-

cn^esU very rcrflailiable form of Annadillo. named by A. Miine-Ectwards Sclero-
pleura hrunellHAnn. Sc. Nat., ivl. p. 8, 1S72). We dennal plates arc said to be
machvless developed than in other members of the family, end confined to the
sides, nit the medi.in poi-tinn of the bacli being clothed with a fle.\ible hairy skin.
The head is broad .nnd short, the ears small and far apart. The tail la long, and
almost entirely devuld of sciile^ The fcvt arc uaKnown. '

complete digits on each foot. Scaphoid and lunar bone of carpu.s
united. Utcnis biconiuate. Placenta diHu.icd and non-deciduate.
The species arc mainly terrestrial and I'o.'^sorial, though oue is par-
tially ai bcrcal. All belong to the Ethiopian and Oriental reeions of
the Old World.

ilanis.—Skull somewhat of the form of an elongated cone, with
the small end turned forwards ; very smooth and free from crests
and ridges. No distinction between the orbits and temporal fossa;.

The zygomatic arch usually incomplete, owing to the absence of
tho malar bone. No distinct lacrynial bone. Palate long ami
narrow. The pterygoids extend backwards as far as the tympanies,
but do not meet in the middle line below. Tympanic ankylosed to

the surrounding bones, and more or less bullate, but not prod'-'-ed

into a tubuliir auditory meatus. liami of mandible very slender
and" straight, without any angle or coronoid process. From near
the anterior extremity of the upper edge a sharp, conical, tooth-like

process projects upwards and outwards. No clavicles. No thinl
trochanter to the femur. Ungual phalanges bifid at their ter-

minations. Caudal vertcbrai with very long strong transverse
processes and numerous chevron bones. Tongue long, vermiform,
flattened towards the tip. The retractor or sterno-glossal muscles
arise from tho hinder extremity of the immensely prolonged ensi-

form cartilage of tho sternum. Stomach with thick, muscular
walls and lining membrane, and with a special gland near the
middle of the great curvature, consisting of a mass of complex
secreting follicles, tho ducts of which terminate in a common
orifice. No CKCum. A gall-bladder. Head .small, depressed,

narrow, pointed in front, with a very small mouth-opening.
Eyes and pinna of ear very small. Body elongated, narrow.
Tail more or less elongated, convex above, flat underneath. The
whole of the upper surlaco of ihe head, tho u]ipcr surface and sides

of the body, the whole of the tail, and the outer sides of tho

extremities covered with large, overlapping, horny scales, with
usually a few stiff lir.irs growing between and projecting beyond
them. The sides and under surface of the head, the under surface

of tha body, and the inner sides of the limbs without scales but with

a rather scanty covering of hair. Limbs short. In walking tho

dorsal surface and outer sides of the phalanges of the two outer

digits of the front feet alone rest on the ground, the points of the

nails turning upwards and inwards. The third toe the longest,

with a powerful compressed curved claw, the second and fourth with
similar but smaller claws, that of the pollex ofttn almost rudi-

mentary. Hind feet plantigrade, with hallux very short, and four

other toes subequal, with moderate, curved, subcorapresscd nails.

The animals of this genus, called Pangolins or Scaly Antcaters, are

all of small or moderate size, terrestrial and burrowing, and feed

mainly on termites. One small African species climbs trees. They
can roll themselves up in a ball when iu danger. Their per/aliar

elongated form, short limbs, long, gradually-tapering tail, and scaly

covering give them on a supaficial inspection more the appearance

of reptiles than of mammals. The species are not numerous, but

may be grouped into three sections. (1) Manis proper. Tail con-

siderably exceeding iu length both liead and' body. Scales not

covering the dorsal surface of the manus. On fore feet the first

toe exceedingly small, but with a distinct short nail ; second,

fourth, and fifth subequal, with moderate compressed claws ; third

greatly exceeding the others, with a much larger falcate claw.

Two species, both from West Africa : M. longicau'dala (vertebne :

C7, D 13, L5, S3, C46), an! M. tricus2>us (vertebra : C 7, D 13,

L 6, S 3, C 41). (2) All the others have the scaly covering of the

fore limbs extending to the claws, and the tail not exceeding the

length of the head and body. On the fore feet the first and fifth

toes are equal, and very small, the second and fourth equal and
longer, the tliiid longest, but not so disproportionately so as in

the other section. Tho tails of most of these are broad at the base

and taper towards the extremity. They . constitute .the genus

Pholidolus of Gray, and include M. gigantca, West Africa, the

largest species of the group, of which the head and body measure

2 feet 6 inches, and the tail the same. Vertebra; : C 7, D 13, L 6,

S 4, C 28. M. pentadaciyla, M. aurila, and At. juvanica, all of the

Oriental region. (3) One very distinct specie.*, M. .tcmminckii,

from South and East Africa, with the tail nearly as broad as the

body for the whole of its length, and rounded at the end, constitutes

the genus Smutsia of Gray.

Family Oktcteropodidx.

External surface scantily covered with bristle-like hairi Teeth

numerous, and of peculiar and complex structure, being traversed

by a number of parallel vertical pulp-canals. Lumbar vertebrae

with no accessory zygapophyses. Femur with a third trochanter.

Fore feet without pollex, but all the other digits well developed,

with strong moderate-sized naUs, suited to digging, the plantar

surfaces of which rest on the ground in walking. Hind feet with five

subequal toes. Mouth elongated and tubular. Tongue subvermi-

form. Placenta broadly zonular. Feed on animal substances. Ter-

restrial and fossorial iu habits. Limited to the Ethiopian region.

Oryckropus.—The total number of teeth appears to be from
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eight to ten in cacli si.lp of tlis nppcr, nnj ciglit in the lower j.iw
;

but they nrc never all in pl.ico at one time, as tlio small anterior

teeth arc shed bclbro the scries is completed bcliiiiJ. In the aJnlt

ihey number usually five on each side above and below, of which
the first two arc simple und compressed, the next two larger and
longitudinally grooved at the sides, the most posterior simple and
cylindrical. The struclun; of all these teeth is quite peculiar

among mammals, though resembling that of some fishes. Their
summits are rounded before tliey aro worn", their bases do not

taper to a root, but aro evenly truncated and continually growing.

Each tooth is made up of an aggregation of parallel dental systems,

having a slender pulp rvil^y in the centre, from which the dentinal

tubes radiate outwards, and being closely packed together each

system assumes a polygonal outline as seen in transverse section.

No evidence of any vertical succession of teeth has been dis-

covered. SIcuU moderately elongated. The facial portion sub-

cylindrical and slightly tapering. The zygoma complete and
slender. The palate ends ))Osteriorly in the thickened transverse

border of the palatines, and is not continued back by the pterygoids.

The tympanic is amiular, and not onkylosed to the surrounding
bones. The mandible is slender anteriorly, but rises high
posteriorly, with a slender recurved coronoid, and an ascending
pointed process on the hinder edge below the condyle, which is

small, oval, and looks forwards as much as upwards. Vertebra;:

C7, D13, L8, S6, C 25. The large number of lumbar vertebraj

is peculiar among Edcnlatcs. Tongue less vermiform than in

Myrmccophaga, being thick and fleshy at the base, and gradually
tapering to tlie apex. The salivary apparatus is developed much in

tJie samo manner as in that genus, but the duct of the submax-
illary gland has no reservoir. The stomach consists of a large sub-
globular cardiac portion, with a very thick, soft, and corrugated lining
membrane, and a smaller muscular, pyloric part, with a compara-
tively thin and smooth lining. There is a very distinct ileo-ciecal

valve, and a considevable-sizcd cxeum ; also a gall-bladder. Ko
poUex to the fore foot. All the other usual toes well developed, with
strong, subcompressed nails, flatter on the hind foot. Head
elongated, with a tubular snout, terminal nostrils, and small month-
opening. Ears large, pointed, erect. Tail nearly as long as the
body, cylindrical, very thick at the base, tapering to the extremity.
The best known species is the Capo Anteater (0. capcnsis), or

"Aai-d-Vark" (Earth Pig) of the Dutch colonists, from South
Africa, an animal not nltogrther unlike a Pig in size and general
appearance. It lives in burrows in the ground, and feeds chiefly on
mis and other insects. A second species, or well-marked local

variety aiAisj'iviW. inhabits the north-eastern paits of Africa.

ExTiNXT Edentata of the Old Wor.LU

Certain remains, chiefly of bones of the limbs, found in Franco
and Greece, and assigned to genera called Macothcrinm and Anai-
lelherium, united provisionally in the family Ifcicrotlicriidm, indi-
cate tlie existence of animals of large size inhabiting Europe during
the Middle Tertiary epoch; tho characters of whicli appear to in-
dicate a generalized Edentate form or sonictlung intermediate
between the EdciUala and Ungulata. In the structure of the
plialanges they lyost resembled the ilanidsc, but there is some evi-

dence that they possessed teeth. Some fragments from the Eocene
of Paris are still more doubtfully assigned by Gervais to the order.

Bibliography oj E(Imla!a.—^a general work on the order hos l>pcn ruhlislicJ
but thut of nnpp(^l«a(. Uiitci'suchttnijen iibcr die Eflmlattn, 2d cU., lsi2), now
nearly out of duto. Anions numerous mcmoii-i on special groups tlic foUovviiic
may be cited :—i/yrmccrt/j/mytt/a; :—R. Owen, "Anutomy of Great Anteater,"
T:-ans, Zool. Soc, vol. Iv. ; G. Pouchot, ^fl.'/n. Bur le Grand Fourmilit:r, 1S74;
W. A. Forlws," Annt. of Groat Antcntcr," Proe. Zool. S-ic, 1882, p. 287. ^frfJa
theriidx:~U. Owen, Ezliitct Giganltc S'olfi (Afijlodott liobustus). 1842; id.,
'•On thoMeRallicrlum." Pliiloi. Trtiiis.,lSil-iC; J. Lcldy, "ExIinclSI^Ih-ti'lbc of
North .\menoa," Smitfisonian Contrib. to Knoicfcffgc, vii., 1655 ; I1-. Buinielsfer
Deitcrip/ion de la lUpublique Argnline, t. IN. Jlnmmlliiros, 1879.—whicli con-
tains full references to vaiiousmcmnlis by Owen, Gervais, Relnlmrdt, and ollicra.
Olyptodontidx :—Given, OUalocjue o/ Fo&sit Mammals, Mu5. fio'j. Coll. Surocons
1M6 ; T. H. Huxley. " Ostcol. of Glyptodon," PItil. Trans., 16C3 ; 11. Dunnciitcrl
Annates del Afuseo Publico de Btitnos Ayres, and Dcscript. dcla Hi'publiquc Ar(jin-
line, 1879. Dasypodidx :—J. Jluric, " Anatomy of Tohipcutis." Trans. Linn Soc
vol. XXX., 1874 ; A. IT. GaiTod, Proc. Zool. Soc, 1878.' For plnccntatlm o( Eden-
tates sec W. Turner, Trans. Roy. Sk. Edin., xxvll. (lS7a) p. 72, and Jour.
Anal, and Pliysiol., vols. vHI. and x. ; A. Mllnc-Edivards, Ann. Sciences Nat. [01
vUl. p. 1 ; and for brain, P. Gcrvals, " Formes ci'ie'bralcs rtcs EdontiJs," A'cur
Arch, du Museum, torn. v. ; W. Turner, Jour. Anatomy, 1. 313 (18C7).

Order SIRENIA.

The purely aquatic habits and Fish-like form of tho
nnimah of this order caused them to be formerly con-
founded with thb Celacea, but a more intimate knowledge
of their structure has shown that they really belong to a
widely different type of tlie class.

Tho head is rounded and not disproportionate in size as
compared with the trunk, from which it is scarcely
BeparAted by any cxtenialjv visible constriction or neck.

Nostrils valvular, separate, and placed above tlie fora

piirt of the obtuse, truncated muzzle. Eyes very small,

with imperfectly formed eyelids, capable, however, oT
contraction, and with a well-developed nictitating mem-
brane. Ear without any iiiniia. Mouth of small or
moderate size, with tumid lips beset with stiff bristles.

General form of the body depressed fusiform. No dorsal

fin. Tail flattened and horizontally expanded. Fore
limbs paddle-shaped, the digits being enveloped iu d
common cutaneous covering, though sometimes rudiments
of nails are present. No trace of hind limbs. External
surface covered with a tough, finely wrinkled, or very
rugous skin, naked, or with fine hairs sparsely scattered

over it.

The skeleton is remarkable for the massiveness and
density of most of the bones of which it is composed,
especially the skull and ribs, which must add to the
specific gravity of those slow-moving animals, and aid in
keeping them to the bottom of the shallow waters in which
they dwell, while feeding on aquatic vegetables. Tho
skull presents many peculiarities, among which may be
indicated the large size and backward position of the
anterior narial aperture, a furtlier modification of that mot
with in the Tapirs among Ungulates, and presenting soma
approach to that so characteristic of the Cetacea. Tho
nasal bones are generally absent in the recent forms, or aro

only found in a most rudimentary condition, attached tu

the edge of the frontals, faraway from the middle line;

but iu some at least of the extinct species these bones,

though small in size, are normal in situation and relations.

In very few other respects does the skull present any
resemblance to that of the Celacea. In the spinal column
none of the vertebivc are united together to form a sacrum,
and tho flat ends of the bodies do not ossify separately, so

as to form disk-like epiphyses in the young state, as in

nearly all other mammals. The anterior caudal vertebra
have well-developed chevron bones. In one genus
(Itlaualits) there are only six cervical vertebra;. There aro

no clavicles. The humerus has a small but distinct

trochlear articulation at the elbow-joint. The two bones ot

the forearm are about equally developed, and generally

ankylosed together at both extremities. The carpus 19

short and broad, and tho digits five in number, witli

moderately elongated and flattened phalanges, which are
never increased in number beyond the limit usual in the
Mammalia. The pelvis is extremely rudimentary, consist-

ing of a pair of bones suspended at some distance from the

vertebral column. In no existing species is there any trace

of a hind limb, but in the extinct Ilalilheiium an
acetabular depre-ssion and rudimentary femur have been
discovered.

Two kinds of teeth, incisors and molars, separated by a
wide interval, are generally present. The former may ba
developed into tusks in the upper jaw, or may be quite

rudimentary. The molars vary much in character. In
one genus {Rijtina) no teeth of any kind are present, at

least in the adult. In all, the anterior part of the palate,

and a corresponding surface on the prolonged symphysis of

the lower jaw, are covered with rough horny plates of

peculiar structure, which doubtless assist in mastication.

The tongue is small and fixed in position, with a surface

resembling that of the plates just spoken of. The salivary

glands are largely developed. The stomach is compound,
being divided by a valvular ccnstrict,ion into two principal

cavities, the first of which is provided with a singular

glandular pouch near the cardiac end, and tho second
usually with a pair of elongated, conical, crecal sacs or
diverticula. The intestinal canal is long, and with very
muscular walls. There is a caecum, either simple, conical,

and with oxttemcly thick walls, as in J/a/icore, or bifid, ai
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iippor tcetli wilh two liJgos nml llrrci! roots, tlie lower teeth with
ail ailJilional (|iostciior) ridge or tnloii nml two roots. Tlic ccr-
vicil vertebra! present Iho rcmnikable anomaly of bcin-r reduced to
six in number, tlie usual vertebral formula "being Cfi, D 15-18,
h and C 25-29. Rostnim of tlie skull, formed by tlic union of tlie

premaxillx in front of tlie anterior nnrial aperture, shorter than the
Icngtii of the apeiture and scarcely dcHccled from the basi-crnnial
axis. Tail entire, rounded or shovelsli.iped. Rudimentary nails
on the fore limbs. Ca;ciini bilid. Habitat the i-hi'ros of, and tlio

gicat rivers wliich empty themselves into, the Atlantic within Uie
tropics. The American and African foniis are generallv considerctl
to' be distinct species (.1/. aitstralis and M. saicgnlciiiis), tliongb
they dilfer but little from each other in anatomical cliamctcrs and
in habits. They arc rather iluviatile than maiine, ascending large
rivers almost to their sources. See Manatp.e.

Halicorc.—In the npper jaw a pair of large, nearly straight, tnsk-
like incisors, directed downwards and forwaals, partially coateil

with enamel. In the male they have persistent pulps, and bcvcllol
cutting edges, which project a short distanee from (ho mouth, Init

in the female, though they remain through life in the alveolar

cavity, they are not cxserted, and, the pulp cavity being lilled with
osteodciitino, they soon cease to grow (as in the female Narwhal).
In tlio young there is also a second small deciduous incisor on
each sido above. At this age there are also beneath the horny (date

which covers the anteiior portion of the mandible four pairs of

slender conical teeth lodged in wide alveolar depre.s.tions. These
become absorbed before the animal reaches maturity. The molars
are usually ^, sometimes |, altogether, but not all in place at once,

as the first falls before the last rises above the gum ; they are more
or less cylindrical in section, except the last, which is compressed
and grooved laterally, without distinction into crown and root,

increasing in size from before backWWrds, with persistent pulps and
no enamel. The summits of the crowns arc tuberculatcd before wcar-

111 Manatus. Tho apex of the heart is ilceply cleft between

the ventricles. The principal arteries form very extensive

and complex rcHu, mirahilia. The lungs are remarkably

long and narrow, as, owing to the very oblique position of

the diaphragm, the thoracic cavity extends far back over

the abdomen. Tlio epiglottis and arytenoid cartilages of

the larynx do not form a tubular prolongation as in the

Ceiacea. The brain is of comparatively small size, and the

convolutions on the surface of tho cerebrum few and
shallow. Tho kidneys are simple. Testes abdominal.

The uterus is bicornuatc. Tho placenta (in the Dugong)
is noii-deciduate and diffuse', the villi being scattered gene-

rally over tho surface of the chorion except at the poles.

The umbilical vesicle disappears early. The mammiE are

two, and pectoral or rather post-axillary in position.

The Sircnia pass their whole life in the water, being
denizens of shallow bay.s, estuaries, lagoons, and large rivers,

but unlike the Cttacea are not met witli in tho high seas,

far away from the shore. Their food consists entirely of

aquatic plants, either marine algae or freshwater grasses,

rapon wliich they browse beneath the surface, as the

terrestrial herbivorous mammals do upon the green pastures

on shore. They are generally gregarious, slow aad inactive

in their movements, mild, inoll'ensive, and apparently

unintelligent in disposition. Though occasionally found
stranded by the tide or waves, there is no satisfactory

evidence that tliey voluntarily leave the water to bask or

feed on the shore. The habit of the Dugong
of raising its round head out of water, and
carrying its young under the fore fin, seems to

have given rise, among the imaginative early

voyagers in the Indian Ocean, to the legendary
beings, half human and half fish, in allusion

to which the name Sirenia was bestowed by
Illiger on the order, though certainly the face

of a Dugong, when closely inspected, does
not bear the slightest resemblance to that of

the mermaid of romance. The species now
existing are very few, and there is reason

to believe that the time is not far distant
F.o. «.-An,crican Ma.mtce (J/<„a<« a^.^af/.), f.om life.

when they will all become extinct. One species, Rhytina
slelleri, of tlie North Pacific, was totally exterminated
through the agency of man during the last century; and
the others, being valuable for their flesh as food, for their

hides, and especially for the- oil obtained from the thick

layer of fat which lies immediately beneath their skin,

rapidly diminish in numbers as civilized populations occupy
the regions forming their natural habitat. The surviving

species are confined to the tropical regions of the shores of

both sides of the Atlantic and the great rivers which
empty themselves into that ocean, and to the coasts of the

Indian Ocean from the Red Sea to North Australia. In
the Miocene and early Pliocene epoch Sirenians abounded
in the seas of Europe, and their, remains have been found
in deposits of corresponding periods of North America.
Evidence has a'so been discovered of the existence of an
animal of the group in the seas at the bottom of which the

Eocene nummulitic limestone momitain ranges of Egypt
were deposited.

The existing genera present such well-marked distin-

guishing'-characters that, if they alone were known, they
might be placed in separate families ; but, as in so many
similar cases, our knowledge of the extinct forms, imperfect
as it is, goes far to bridge over the distinction between
them.

Manatus.—Incisors ?, rudimentary, concealed beneath the homy
oral plates, and disappearing before maturity, llolai-s \\, but
rarely more than -J present at one time ; the anterior teeth i^lK.ig
before the posterior como into use ; similar in characters froiu
beginning to end of the series; with square, enamelled ci'owns, t:.o

griuding surface raised into tulcrculated transverse ridges. Tlic

riae. Zoo/. Sic, ISSl. ji. 457.

ing, afterwards flattened or slightly concave. Skull Avith rostmm
formed by the union qf the premaxilla; in front of the narial
aperture, longer than the ajierturc itself, bending downwards at a
right angle with the basi-cranial axis, and enclosing the sockets
ol^ the large tncisor tusks. Anterior part of the lower jaw bent
down in a corresponding niamier. Vertebrae: C7, D18-19, L and
C 30. 'J'ail broadly notched in the middle line, and with two pointed
lateral lobes. No nails on the fore limbs. C.-ccum single.

The Dugongs are more distinctly marine in their habits than the
Manatees, feedin" chiefly on sea-water algce. They inhabit the
shallow bays and ciccks of the Red Sea, east coast of Africa,
Ce.vlon, islands of tho Bay of Bengal .ajid the Indo-Malayan
Archipelago (including tho Philippines), and the north coast of
Australia, ranging from Barrow Beefs on the west to Sloreton Bay
on the east. Though the distinctive characters are not very
obvious, they have'been divided into three species, according to
the localities which they respectively inhabit .—ir. tabcrnaculi
from the Red Sea, II. dugonrj from tho Indian seas, and H.
austmlis from Australia. The last-named has lately been tbe
object of a regular "fishery," chieHy on account of its oil, which is
peculiarly clear, limpid, and free from disagreeable smell, and is
said to have the same medical properties as cod-liver oil. Although
often stated in books to attain the length of 20 feet when adult,

there does not appear to be any evidence from actual specimens
in museums that Dugongs ever reach half that size, 8 feet being
the common length of adult animals.

RIojtina.—No teeth, their place being supplied functionally
by the dense, strongly-ridged, horny oral plates. Premaxillary
rostrum about as long as the anterior narial aperture, and moderately
deflected. Vertebra;: C 7, D 19, L and C 34-37. Head very small
in proportion to the body. Tail with two lateral pointed loljes.

Pectoral limbs small and trancated. Skin naked and covered with
a very thick, hard, rugged bark-like epid^rmis. Stomach without
Cffical appendages to the pyloric cavity. Ca;cum simple.

Only one species of this genus is known, li. slcUcri, theNorthem
Sea-cow, by far the largest animal of the order, attaining the length
of 20 to 25 feet. It was formerly an inhabitant of the shorn
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of two small iJaiuls in llic North rncifn', Bthring's and the

adjacent Coprcr Island, on the former of which it was discovered
by the ill-f»tcd navigator whose irame the island bears, when, with
his accomiilislipd companion, the German naturalist StcUer, he was
wrecked upon it in 1741. Tweuty-sevcu years afterwards (1768),
as is coniinonly supposed, the last of the race was killed,' and its

very existence would have been unknown to science but for the
interesting account of its anatomy and habits left by Steller, and
the few more or less perfect skeletons which liave recently rewarded
the researches carried on in the frozen soil of the islands around
which it dwelt. There is no evidence at present of its having inhab-
ited any other coasts than those of the islaiids just named, though
it can hardly be supposed that its range v\as ahrays so restricted.

AVlien fiist discovered it was extremely numerous in the shallow
b.ays round Dehring's Island, finding abundant nutriment in the
large laniinario! growing iu the scu Its extirpation is entirely

due to the Russian huuteis and tradeis who followed upon the
tmck of the' explorers, and •who, upon Steller's suggestion, lived
upon the flesh of the peat Sea-cows. Its restricted distribution,

largo siie, inactive habits, fearlessness of inan, and even its aflfec-

tionate disposition towards its own kind when wounded or iu
distress, all contributed to accelerate its final extinction.

EXTJSCT SiREKIA.

The Miocene and early Pliocene seas of Europe abounded in

Sirenians, to which tlie generic name of Salithcrium was given ?(y

Kanp, They had largo tusk-like incisors in the upper jaw, as in

the existing Dugongs, though not so greatly developed. Their
molar teeth were 5 or %, anteriorly simple and single-rooted,

posteriorly those above with three and those below with two roots,

and with enamelled and tuberculated or ridged crowns, in all

which respects they more resemble those of the Manatee tlisn of the
Dngong. The anterior molars were deciduous. Some species at
least had nas„l bones, short, broad, but normal in position, whereas
in all the existing genera these bones are quite rudimeiitary. An-
other and still more important evidence of conformity to the general
mammalian typo is the better development of the pel vie bone, .'iiid the
presence of a small styliform femur articulated to the acetabulum,
nlthvjagh no traces of any other part of the limb hare been dis-

covered. These ancient Sironians were thus, in dental, cranial, and
other osteological characters, less specialized than are either of the
existing species, and, if the intermediate links could be discovered,
might well be looked upoi) as ancestral forms from which the latter

liave been derived, but at present the transitional conditions liave

not been detected. So far as is yet known, when changes in the
physical conditions of the European seas rendered them unfitted to
be the habitation of Sirenians, the llalitherium type still prevailed.

IT the existing Dugongs and Manatees are descended from it,

their evolution must have token place during the Pliocene and
Pleistocene epochs, the one in' seas to the east, the other to the,
west of the African continent, which has long formed a barrier to
their intercommunication. Halitherium remains have been found in
many parts of Germany, especially near Darmstadt, also in France,
Italy, Belgium, JIalta, the isthmus of Suez. &c. Until lately
nemo were known from England, probably owing to the absence of
beds of an aga corresponding to those in which they are fonnd
on the European continent ; but recently a .skull and several teeth
have been detected among the rolled debris of Jlioceno formations,
out of which the Red Crag of Suffolk is partially composed. Tho
species arc not. yet satisfactorily characterized. Some of them
appear to have attained a larger size than the existing JLinatee or
Dugong. One of these from the Pliocene of Italy and France,
baring but J molar teeth, lias been separated generically under the
rnme of Fclsinothcrimn by Capellini, by whom it has been fully
described. A portion of a skull found in Belgium has been name<l
Crassithcrium by Van Benedeu ; and some compressed teeth, some-
what similar to but larger than those of the Dugong, discovered
in the department of Lot-et-Garonnc, France, gave origin to tho
genus Hyliodirs of E. I.artct. Of this more complete remains have
recently been described by Delfortric. The rostrum is more elong-
ated than in Halitherium, but the skull is otherwise vciy similar,

as are tbe molar teeth. Tho incisors are very Injrge, exscrtcd,
8tron<;ly compressed, almost sabre-like, rounded on the upper or
anterior surface, sharp below, concave on tho external and convex
on the inner side, and transversely striated.

PathiittcaiUlius of Brandt, from the Vienna basin, is also, accord-
ing to Van Beneden, another form of Sircnia, of which, however,
the skull is not known. In varioiis Miocene and perhaps Eocene
merino fonnations of tho United States of America remains of
Sirenians have been found, but mostly in such a.l'rapnii'ntary con-
dition that they alford at present little evidence of the corly history
of tho group in that country. A more satisfactory discoveiy is tliat

^ Nordsnskit\]d, during his reoent voyage in the." Vtgt.," obtained
Borao infomiatini from natives of Behring's Island whidi led him to
believe thit a few individuals auty have survived to a much later date,
even to 1854.

of a neaily complete skull and some bones from a limestone Tertiiuy
formation in Jamaica. It is of smaller size than the Manatee, ami
as far as the teeth are concerned, of a still more generalized character
than Ealithcrium, the dentition being apparently i J, c |, p *,

«i J = 48. The incisoi-s arc small, not developed into tusks; tliie

canines (wanting in all existing Sirenians) are rather larger- than
tlie incisors, judging by the sockets; and the molars are Irilophodont,
and covered with enamel. It has been descn'bed by Professor Owen
under the name of Prorastmnns sircnoidcs. Unfortunately we haT«
no knowledge of the geological antiquity of tho formation in which
it was embedded. Lastly must ba meutioncd the Eolluriun
egyptiacum, Owen, founded on the cast of a brain, with a small-

quantity of surrounding bone, discovered in the nunimuTitic lime-
Btone ef Eocene age of the Mpkattnm HUIs, near Cairo. The brain
is naiTOwer than iu Maiiatus, and i-escmbles that of Mnli/hcriitm.
This is of interest as tiie most ancient known evidence of any
Sironian whose age has been geologically determined.
The few facts as yet collected i-elating to the former histoiy of

the Sircnia leavs us as much in the dark as to the origin and
atEnities of this peculiar group of animals as we were when we only
knew tho living members. They lend no countenance to tlieii"

association with the Cclacca, and on the other hand their supposed
affinity with the Uiujulala, so much favoured by modern z-oologists,

receives no very material support from them.
BibUograj^hy of Sirtnia.—J. F. Biandt, Sitmbolx Sirenofogiciey St Petersburg,

S fjaciculi, 1846-(>l-68,— an e.xliaustive account of the anatomy, afflnities, and
literature of the in"oup, with copious illustiotions of the osteology of Wii/tina.

Anatomy of Lugoni]

:

—EverarU Home, Phil. Trans., 18i?0, p. 315; Owen, Proc
Zoo!. Soc, 1838, p. 29. Manatee :—Vrolik, Dijdi: tot de Dierkunde, 1851 ; Sluiie,

JVnns. Zool.Soc, land., vol. vHi. p. 127, 1870, and vol. xl. p. 19, ISSOj Gairod,
ibid., vol. X. p. 137, 1875. £xtinci Sirenia-.—Gcnids, Journal de Zoologie^

torn. i. p. 332, 1872.

Obdee CETACEA.
Tliis is perhaps tlie most distinctly circumscribeiJ and

natural of all the larger groups into which the class is

divideiJ.

The external form is Fish-like, the body heing fusiform,

passing anteriorly into the bead without any distinct con-

striction or neck, and posteriorly tapering off gradually

towards the extremity of the tail, which is provided with a

pair of lateral, pointed expansions of skin supported by
dense fibrous tissue, called "flukes," forming together a

horizontally placed triangular propelling organ, notched in

the middle line behind.

The head is generally large, in some species attaining to

even more than one-third of the entire length of the animal,

and the aperture of the mouth is always wide, and bounded

by stiff immobile lips. The fore limbs are reduced to the

condition of flattened ovoid paddles, encased in a continuous

integument, showing no esternal sign of division into fore

arm apd manus, or of separate digits, and without any

trace of nails. There are no signs of hind limbs -visiblo

externally. The general surface of the skin is smooth and
glistening, and devoid of hair, although in many species

there are a few fine bristles in the neighbourhood of tho

mouth, which may jiersist through life or be present only

in the young state. Immediately beneath the skin, and

intimately connected with it, is a thick layer of fat, held

together by a dense mesh of areolar tissue, constituting tha

"blubher,"' which serves the purpose of the hairy covering

of other mammals in retaining the heat of the body. Iu

nearly all species a compressed median dorsal tegnmentary

fin is present. Tho eye is small, and is not provided with

a nictitating membrane or true lacrymal apparatus. The

external auditory meatus is a very minute aperture in tho

skin situated at a short distance behind the eye, and there

is no vestige of a pinna. The nostrils open separately or

by a .single crescentic valvular aperture, not at tlie extremity

of the snout, but near the vertex.

Tho bones generally are spongy in texture, the cavities

being filled with oil. In the vertebral column, tho cervicnt

region is remarkably short and immobile, and tho vertebra?,

originally always seven in number, are in 'many species

more or less fused together into a solid mass. The odontoid

process of the axis, when that bone is free, is usually very

obtuse, or even obsolete. None of the vertebric are united
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together tj form a sacrum. Tbe lumbar and caudal

vertebrae are numerous and large, and, as their arches are

not connected by any articulnr processes (zygapophyses),

they are capable of a very free motion in all directions.

The epiphyses at the ends of the vertebral bodies are very

distinct flattened disks, not uniting until after the animal

has attained its full dimensions.^ There are largely

developed chevron bones, the presence of which indicates

the distinction between the caudal and lumbar vertebra;.

The skull is modified in a very peculiar manner. The
brain-case is short, broad, and high, almost spherical in

fact. The supra-occipital bone rises upwards and for-

wards from the foramen magnum, to meet the frontals at

the vertex, completely excluding the parietals from the

upper region of the cranium. The frontals are expanded
laterally to form the roof of the orbits. The anterior

iiarial anerture opens upwards, and has in front of it a

corpora cavernosa are attached to them. In some species,

to the outer surface of these are fixed other small bones or

cartilages, the rudiments of the hind limb.

Teeth are generally present, but exceedingly variable in

number. In the existing species, they are of simple, uni-

forni character, all having conical or compressed crowns
and single roots, and are never preceded^ by milk teeth.

They are therefore homodout and monophyodont. In one

group, the Mystacocetes, the teeth are absent (except in the

fcctal condition), and the palate is provided with numerous
transversely placed horny laminaj or " baleen." The
salivary glands are rudimentary or absent. The stomach
is multilocular. The intestinal canal simple, and only in

some species provided with a small ca;cum. The liver

is very little fissured, and there is no gall-bladder. The
vascular system is greatly complicated by arterial and
venous plexuses, cr 7'eiia mirabilia. The larynx is of

peculiar shape, the arytenoid cartilages and the

epiglott's bemg much elongated, and together form-

ing a tubular prolongation, which projects into the

posterior nares, and when embraced by the soft

palate forms a continuous passage between the

nostrils and the trachea, as in the Ungidates, but

in a more perfect manner. The brain is large re-

latively to the size of the animal, very round in

form, and with its surface divided by sulci into

very numerous and complex convolutions. Tho
kidneys are deeply lobulated. The testes are ab-

dominal. There are no vesiculse seminales, nor oa

penis. The uterus is bicornuate, the placenta non-

deciduate and ditfuse. The mammoe are two in

number, and the nipples placed in depressions on
each side of the vulva. The principal ducts of

the gland are dilated during lactation into large

reservoirs, into which the millc collects, and from
which it is injected by the action of a compressor

muscle into the mouth of the young animal, by
•which means the process of sucking under water is

greatly facilitated and expedited.

The animals of the order Cetacea abound in

all known seas, and some species are inhabitants
Tie. 45.—A ?ccllon of the Skall of a Tonne Dolpliin (Ghhictphalus melas). y.\. PJAr, pre- c ji,. ]ny„pr rivpri? of South Amprlca and A>!ia

maxilla; ilx. ma-xlUa; MB, Ossified portion of Ihe mescllimoid ; an, anterior naros ; Na. °\ "}^ larger rivers 01 OOUIQ America ana ASia.

nasal; IP, inter-pariclal ; /"r, frontal; />a, parietal ; SO, snpra-occipital ; EiO, cx-oecipital , Their Organization necessitates their passing their
BO, basi-occipital ; Si. squamosal; Per. peilolic; AS, alisphenoid

; i>5, presphcnoid
;
PI ,., ^; i

;
^l „ „„*„. „~ „„ I„n,l flipvirp ibon-

ptcrygoid; pn, posterior n.ires; PI, palatine; Vo. Vomer; s. symphysis of mandible; ul, me entirely in lue water, as on janu tuey are aoso-

Infeiior dental eanal ; v, coionoid process of mandible; td. condyle; a.angle; lA, stylo-IiyaJ ; lutelv helpleSS. They have, however, tO rise Very
M-basi-hyal: <A, thyro-hj-al. Ytom Osteology of Mammat'i. r ,1 t ii, c c \\ c•>'••<'' "» '

^
frequently to the surface for the purpose of respira-

tion ; and, in relation to the constant upward and downward

XTxO

more or less horizontally prolonged rostrum, formed of the

maxillae, premasillse, vomer, and mesethmoid cartilage, ex-

tending forwards to form the upper jaworroof of the mouth.

There are no clavicles. The humerus is freely movable

on the scapula at the shoulder-joint, but beyond this the

articulations of the limb are imperfect, flattened ends of

the bones coming in contact with each other, with fibrous

tissue interposed, allowing of scarcely any motion. The

radius and ulna are distinct, and about equally developed,

and much flattened, as are all the bones of the manus.

There are four, or more commonly five, digits, and the

number of the phalanges of the second and third digits

always exceeds the normal number in mammals, sometimes

very considerably ; they present the exceptipnal character

of having epiphyses at both ends.- The pelvis is repre-

sented by a pair of small styliform bones placed longitu

dinally, suspended below and at some distance from the

vertebral column at the commencement of the caudal region.

These appear to represent the ischia, as the crura of the

' This is an important distinction from tbe Sirenia, tut a character

common to nearly all other mammals. It is doubtful whether there is

any foundation for the statement that these epiphyses remain uuanited
for an exceptionally long period in tho Crlacea.

• A character repeated in some of tl;o belli

movement 'in the water thus necessitated, their principal

instrumpnfc of motion, the tail, is expanded horizontally,

quite unlike that of a Fish, whose movements are mainly in

straightforward or lateral directions. The position of the

respiratory orifice or nostril on the highest part of the

head is very important for this mode of life, as it is the

only part of the body the exposure of which above the sur-

face is absolutely necessary. Of the numerous erroneona

ideas connected with natural history, few are so widespread

and still so firmly believed, notwithstanding repeated

expositions of its falsity, as that the Cetacea spout out

through their blowholes water taken in at the mouth.

The fact is, the " spouting," or more properly " blowing,",

of the Whale is nothing more than the ordinary act of

expiration, which, taking place at longer intervals than

inland animals, is performed with a greater amount of

emphasis. The moment the animal rises to the surface it

forcibly expels from its lungs the air taken in at the last

inspiration, which of course is highly charged with watery

vapour in consequence of the natural respiratory changes.

This, rapidly condensing in the cold atmosphere in which

the phenomenon is generally observed, forms a column of

steam or spray, which has been erroneously taken for
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wati^r. It also ofton happens, especially when the surface

of the ocean is ajptaU'd into waves, that the animal com-
mences its expiratory puff before the orifice lias quite

cleared the top of the water, some of which may thus be
driven upwards with the blast, tending to coniiilcto the

illusion. In hunting Whales the harpoon often jjierces

the Fungs or air passages of the unfortunate victim, and
then fountains of blood may be forced high in the air

through the blowholes, as commonly depicted in scenes of

Arctic adventure; but this is nothing more (allowance

being made for the Whale's peculiar mode of breathing)

than what always follows severe wounds of the respira-

tory organs of other mammals.
All the Cetacea are predaceous, subsisting on living

animal food of some kind. One genus alone {Orca) eats

other warm-blooded animals, as seals, and even members
of its own ordei', both large and small. Many feed on
fish, others on small floating crustaceans, ])teropods, and
medusip, while the principal staple of the food of many is

constituted by the various species of cephalopods, LoUgo
and other Teuthid:e, which must abound in some seas in

vast numbers, as they form almost the entire su|)port of

some of the largest members of the order. In size the
Cetacea vary much, some of the smaller Doljihins scarcely
feceeding ^ feet in length, while others are the most
colos.snl of all animals. It is true that most statements of

their bulk found in general aud even zoological literature are

greatly exaggerated, but even when reduced to their actual

dimensions (which will be mentioned under the respective

genera) some of the existing Whales exceed in size that of

any animal living either at present or in former times of

which we have any certain evidence. With some excep-

tions, the Cetacea generally are timid inoffensive animals,

active in their movements, and very affectionate in their

disposition towards- one anotlier, especially the mother
towards the young, of which there is usually but one, or

nt most two, at a time. They are generally gregarious,

swimming in herds or " scljools " (so termed by the whalers)

sometimes amounting to many thousands in number

;

though some species have hitherto only been met with

either singly or in pairs.

Relations of the different Cetacea to each other and to

other Mammals.—As before said, the Cetacta form a per-

fectly well-defined group, sharply separated from all other

mimmals, and with no outlying or doubtful forms at present

known. Among the existing members of the order, there

are two very distinct types, the Toothed Whales or

Odontoceli and the Baleen Whales or Mystacoceti, which
present as many marked distinguishing structural characters

ns are found between many other divisions of the

Jifammalia which are reckoned as orders. The extinct

2ettglodon, so far as its characters are known, docs not

fall into cither of these groups, but is in some respects

an annectant form, and therefore must be placed, provi-

^ionally at least, in a third group by itself..

The Mystacocetes appear at first sight to be the most
fepecialized and aberrant of the existing Cetacea, as indicated

by the absence of teeth, the presence of baleen, and the
form and size of the mouth ; but, as we see in other groups,

Jcntal characters, and all such as relate to the prehension
of food generally, are essentially adaptive and consequently
plastic or prone to variation, and hence cannot well be
relied upon as tests of affinity. In another character, also

adaptive, the laxity of the connexion of the ribs with tha
vertebral column and with the sternum, and the reductioii

of that bone in size, allowing great freedom of expansion
of the thoracic cavity for prolonged immersion beneath the
water, the Mystacocetes have passed beyond the Odonto-
cetes in specialization. On the other hand, the greater

Bymnietry of the skull, the more anterior position, of the

external nostrils and their double external orifice, the form
of the iia.sal boms, the presence of a distinctly developed
olfactory organ, the mode of attachment of the periotic

bone to the cranium, the presence of a caecum and the
regular arrangement of the aUmentary canal, the more
normal characters of the manus and the better develop-
ment of the nmscles attached to it, and the presence, in

many species at least, of jjarts representing not onl^' the
bones but the muscles and ligaments of a hind limb,' all

show less deviation from thi- ordinary mammalian type
than is presented by the Odontocetes. Taking all these
characters into consideration, it does not appear reason-
able to suppose that either type has been derived from
the other, at all events in the form in which we see it now,
but rather that they are parallel groups, both modified
in different fashions from common ancestors.

Among the Mystacocetes, in the especially distinguish-

ing characters of the division, the Balxnoplerse, are less

s|iecialized than the Balxnic, which in the greater size of

the head, the length and compression of the rostrum, the
development of the baleen, and shortness of the cervical

region are exaggerated forms of the type, and yet they
I'etain more fully some primitive characters, as the better
development of the hind limb, the pentadactylous manus,
and the absence of a dorsal fin. Both forms are found
distinct in a fossil state as far back as the early Pliocene

age, but generally represented by smaller species thoa
those now existing. The Mystacocetes of the Miocene
seas were, so far as we know at present, only Balienopterx,

some of which (Cetotherium) were, in the elongated flattened

form of the nasal bones, the greater distance between tha
occipital and frontal bone at the top of the head, and the

greater length of the cervical vertebrae, more generalized

than those now existing. In the shape of the mandible
also, Van Beneden, to whose researches we are chiefly

indebted for a knowledge of these forms, discerns some
auproximation to the Odontocetes.

Among the last-named group there are several distmct
types, of which that represented by Platanista, although in

some respects singularly modified, has been considered to

present on the whole approximations towards the more
normal and general type of mammalian structure. It is

therefore interesting to find a similar form well represented'

among the earliest fossil remains of Cetaceans in Europe.

Almost all the other members of the suborder range them-
selves under tlie two principal heads of Ziphioids (or

Physeteroids) and Delphinoids. The former is an ancient

and once alsounding type, of which the Sperm Whale
{Physeter) is a highly specialized form. Among the latter,

Globicephalus is a modified form as regards the structure

of its anterior extremity, and Monodon as regards its

dentition, while Delphimts with its various minor subdivi-

sions may be regarded as the dominating type of Cetaceans

at the present day, abundant in slightly differentiated

species and abundant in individuals. They are in this

respect to the rest of the order much as the hollow-horned

Kuminants are to the Ungulates.

The earliest Cetaceans of \7h0se organization we have
anything like complete evidence are the Zeuglodons of fho

Eocene period,^ which approach in the structure of skull and
teeth to a more generalized mammalian type than either of

the existing suborders. The smallness of the cerebral cavity

compared with the jaws and the rest of the skull they share

with the primitive formsof many yther types. The forward

' These have recently been described in detail by Professor Struthcrs

in the Journal of Anatomy and Physiology, 1881. ^^
^ The cervical vertebra ot Palecocctus, supposed to be from the Cam-

bridge Greensand, and a single candal vertebra lately found in the
Upper Eocene at Roydon in Hampshire, may for the present he omitted
from consideraticm, as too inconclusive in^the nature of the evidence

they afford a.s to the history of the group.
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position ot the niuial aperture and the length ana flatness

)if the nasal bones, which distinguish them from all existing

forms, wo must also suppose to be a character at one time

common to all Cetaceans, though now retained (but to

a less degree) only by the Mystacocetes. Even Squalodon,

which in its heterodont dentition so much resembles

Etuglodon as to have been placed by some zoologists in

the same genus, entirely differs from it, and conforms with

the ordinary Dolphins in its essential cranial characters.

The origin of the Cetacea is at present involved in much
obscurity. They present no sigus of closer affinity to any

of the lower classes of vertebrates than do many other

members of their own class. Indeed in all that essentially

distinguishes a mammal from the oviparous vertebrates,

whether in the osseous, nervous, reproductive, or any other

system, they are as truly mammalian as any other group.

Any supposed marks of inferiority, as absence of limb

structure, of hairy covering, of lacrymal apparatus, itc, are

obviously modifications (nr degradations, as they may be

termed) in adaptation to their special mode of life. The
characters of the teeth of Zeuglodon and other extinct

forms, and also of the fcetal Mystacocetes, clearly indicate

that they have been derived from mammals in which the

heterodont type of dentition was fully established. The
steps by which a land mammal may have been modified

into a purely aquatic one are clearly indicated by the stages

which still survive among the Carnivora, in the Otarix, and

in the true Seals. A further change in the same direction

would produce an animal somewhat resembling a Dolphin,

and it has been thought that this may have been the route

by which the Cetacean form has been developed. There

are, however, great difficulties in the way of this view. If

the hind limbs had ever been developed into the very

efficient aquatic propelling organs they present in the Seals,

it is not easy to imagine how they could have become

completely atrophied and their function transferred to

the tail It is more likely that the Whales were derived

from animals with long tails, which were used in swimming,

eventually with such effect that the hind limbs became no

longer necessary. The powerful tail, with its Lateral

cutaneous flanges, of an American species of Otter

(Pteroiiura sandbachii) may give an idea of this member
in the primitive Cetaceans. But the structure of the

Celacca is, in so many essential characters, so unlike that

of the Carnivora that the probabilities are against these

orders being nearly related. Even in the skull of the

Zeuglodon, which has been cited as presenting a great

resemblance to that of a Seal, quite as many likenesses

may be traced to one of the primitive Pig-like Ungulates

(except in the purely, adaptive character of the form of the

teeth), while the elongated larynx,^ complex stomach,

simple liver, reproductive organs both male and female,

and fojtal membranes of the existing Cetacea are far more

like those of that group than of the Carnivora. Indeed it

appears probable that the old popular idea which affixed the

name of " Sea-Hog " ^ to . the Porpoise contains a larger

element of truth than the speculations of many accomplished

zoologists of modern times. The fact that P/a?arets^a, which,

as mentioned above, appears to retain more of the primitive

characteristics of the group than any other existing form,

and also the somewhat related Inia from South America,

are both to the present day exclusively fluviatile, may
point to the freshwater origin of the whole group, in

which case their otherwise rather inexplicable absence

from the seas of the Cretaceous period woujd be accounted

for.

' There is randi naembUaca in the larynx of the Hippopotamos,
bat none in tliat of the Seal, to the same organ tn the Cetacea.

' German, Mecr-schwein, whence the French Jfaraoum. "Porpoise'

IS said to be derived from " Porc-poisson,
"

SuDOEDEl MYSTACOCETI,
Oic Bal£n-oidea, or Whalebone WluiU».

Teeth never functionally developed, but always disappearing
before the close of iuUa-utcrine life. Palate iirovideJ with plates
of baleen or " whalebone." Skull symmetrical. Nasal bones form-
ing .1 roof to the anterior nasal passages, which arc directed upwards
and forwards. Maxilla produced in front of, but not over, the
orbital process of the frontal. Lacrymal bones small and distinct
from the jugah Tympanic bone ankyloscd with tie periotic, which
is attached to the base of the cranium by two &troug diverginj;
processes. Olfactory organ distinctly developed. Kami of
mandible arched outwards, tfieir anterior ends meeting at au
an^lo, and connected by fibrous tissue without any true symphysis.
All the ribs at their upper extremity articulating only with the
transverse processes of the vertebra ; their capitular processes
wlien present not articulating directly with tho bodies of the
vcrtibrte. Sternum composed of a single piece, and articulating

only with a single pair of ribs. No ossilled sternal ribs.

External openings of nostrils distinct from each other, longitudinaL
A short conical ctecum.

These animals have, when in the foetal sxate, numerous, minute,
calcified teeth lying in the dental groove of both upper and lower
jaws. They are best developed about the middle of fcetal life, after

which period they are absorbed, and uo trace o£ them remains at tho
time of birth.' The baleen or whalebone docs not make its appear-
ance until after birth. It consists of a series of flattened homy
plates, between three and four hundred in number, on each sidffof

tlie palate, with a bare interval along the middle liue. Jhey are
placed transversely to the long axis of the palate, witli very short

intervals between them. Each plate or blade is somewhat triangular

in form, with the base attached to the palate and the spe.\ hanging
downwards. The outer edge of the blade is hard and smooth, but
the inner edge and apex fray out into long bristly fibres, so that the

roof of the ^'bale's mouth looks as if covered with hair, as describeil

by Aristotle. At tho inner edge of each principal blade are two
or three much smaller or subsidiary blades. The jiriiicipal blades

are longest near the middle of the series, and gradually diminish

towards the front and back of the mouth. The horny plates grow
from a dense fibrous and highly vascular matrix, which covers

the palatal surface of the maxilloe, and which sends out lamellar

processes, one of whicli penetrates the base of each blade. Jlore-

over, the free edge of these processes is covered with very long
vascular thread-like papillce, one of which fomis the central axis

of each of the hair-like epidermic fibres of which the blade is mainly
composed. A tranverse section of fresii whalebone shows that it

is made up of numbers of these soft vascular papillre, circular in

outline, each surrounded by concentrically arranged epidermic cells,

the whole bound together by other epidermic cells, that constitute

tho smooth cortical (so-called "enamel") surface of the blade,

which, disintegrating at the free edge, allows the individual fibres

to become loose and assume the hair-like appearance before spoken

of. These fibres differ from hairs in not being formed in depressed

follicles in the enderon, but rather resemble the fibres compos-

ing the horn of the Rhinoceros. The whalebone in fact consists

of nothing more than modified papillte of the buccal mucous
membrane, with an excessive and cornified epithelial development.

The blades are supported, and bound together for a certain distance

from their base, by a mass of less hardened epithelium, secreted

by the surface of the palatal membrano or matrix of the whale-

bone in the intervals of the lamellar processes. This is the " inter-

mediate substance" of Hunter, the "gum" of the whalers.

Baleen varies much in colour in different s-peeies. In some it is

almost jet black, in others slate colour, horn colour, yellow, or even

creamy-white. In some the blades are variegated with longitudinal

stripes of different hues. It differs also greatly in ether respects,

being short, thick, coarse, and stiff in some, and greatly elongated and
highly elastic in those species in which it has attained its fullest

development Its function is to strain the water from tho small

marine molluscs, crustaceans, or fish upon which the whales .^iibsist.

In feeding they fill the immense mouth with water containing shoals

of these small creatures, and then, on their closing the jaws and
raising the tongue, so as to diminish the cavity of the mouth, the

water streams out through the narrow intervals between the haiiy

fringe of the whalebone blades, and escapes through the lips, leaving

the living prey to be swallowed.

Our knowledge of the different structural modifications at-

' These 'were discovered in the Greenb"d Whale by Geoffroy St

Hilaire, whose observations were confirm 3d and extended to other

genera by Eschricht They have lately been very fully described in

Bal-xnoptera roslrata by JuUn {Jreluves de BiologU, i., 1880).

* For the structure of whalebone, see Hunter, "Observations on

the Structure and Ecoaoniy of 'Whalss.'i'Ail Trans., 1787 ; Eschricht

and Keinhardt, On the Greenlo:td Right Wliale, English translation

by the K,iy Society, 1866, pp. 67-78 ; andW. Turner, in Trails. Soik

, Hoc J^dif 1670.
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tVmcJ by members of this impoitnnt pi'o\ip of iiiamin:i!3, tlimiyli

lar'jely increased of bite yenrs, is still iiiiperfed^. Forrflerly tbcy

wore all divided into Kiglit Wbalcs {Bal^'iia) and Rorqnals or Fin-

vi'h;xhs{BaliBnoptcra) , the latter distinf;uisbed by their smaller heads,

tlongatcd and slender form, free ecrvieal vertebra", tetradactylous

inanns, and the presence of very conspicuous longitudinal furrows

or folds in the sfiin of the throat and chest, and of a small adipose

dorsal fin. Kecent discoveries have, however, brought to light

several forms holding a somewhat intermediate position, and pre-

senting combinations of characters not found in cither of the larger

known sections. According to our present knowledge the group is

naturally divided iuto five very distinct genera. As these will be

juore fully described in the article Whale, it will be sufUcicnt at

lirescnt to indicate their principal characteristics.

Salscna.—Skin of throat smooth, not furrowed. No dorsiil fin.

Cervical vertebi'K united into a single mass. Pectoral limb short,

broad, and pentadactylous. Head very large. Baleen very long and
narrow, highly elastic and black. Scapula high, with a distinct

coracoid and coronoid process. This genus contains the well-known
Greenland Right Whale (/?. myslicctus) of the Arctic seas, the whale-

bone and oil if which are so much valued in commerce, and also

other whales, distinguished from this by .having heads somewhat
smaller in proportion to the body, with shorter baleen, and a larger

number of vertebras. These inhabit the temperate seas of both
northern and southern hemispheres, and have been divided by
zoologists into several species in accordance with their geographical
distribution,

—

B. biscaycnsis of the North Atlantic, B. japonica of

the North Pacific, B. australis of the South Atlantic, and
i). anlipodarum and ixovx-zclandim of the South Pacific ; but the

JifTerential characters by which they have been separated—external

as well as anatomical—are so slight and so liable to individual varia-

tion that it is not improbable that when they are better known
they will all couio to bo regarded as forming but a single species.

Neobalxna.—Known chiefly at present by the characters of the

skeleton and baleen, which are very dilferent from those of all other

whales, but said to combine absence of plications of the throat

with the presence of a dorsal lin. The cervical vertebra: are united.

The manus small, narrow, and tetradactylous, wanting the pollex.

The ribs remarkably expanded and flattened. The scapula very

low and bro.ad, with completely developed acromion and coracoid

processes. Baleen very long, slender, elastic, and white. A single

at present very r.'xre species, iV. murginata, from the Australian and
New Zealand seas, is the smallest of tho Whalebone Whales, being
not more than 20 feet in length.

Kachiaiwdcs.—This combines the small head, elongated form,

and narrow pectoral fin of BalsenopUm with the smooth skin of the

throat and absence of the dorsal tin of Balsena. The baleen is the

shortest and coarsest of any of the group. Its osteology is im-

perfectly known. One species, R. glaums, the Grey Whale of the

North Pacific.

ifegapUra.—Head of moderate size. Baleen plates short and
broad. Cervical vertebra; free. Scapula with acromion and coracoid

jirocess absent or rudimentary. Skin of throat plicated. Dorsal fin

low. Pectoral limb tetradactylous, very long and narrow, attaining

about one-fourth of the length of the entire animal, the metacarpus
and phalanges beinggreatly developed, and the latter very numerous.
Animals of this genus, called " Humpbacks" by the whalers, are

found in almost all seas. They have been divided i.-.to many
species, but no satisfactory characters have yet been pointed out
by which these can be distinguished from one another.

Balxnopkru.—Head small and flat, and pointed in front. Body
loDg and slender. Skin of thro.at plicated. A small falcate dorsal

tin. Baleen short and coarse. Cervical vertebra; free. Scapula low
and broad, with a large acromion and coracoid process. Pectoral

limb tetradactylous, small, narrow, and pointed. This geniis con-
tains the various species of Rorquals, Fin-whales, Fin-backs,
Finncrs, or Razor-backs, as they are variously called, some of which
are found in almost every sea. Among them are the mo:l gigantic
of all animals, J3. sibbaldii, which attains the length of 80 feet,

and the small B. roslrata, which does not exceed 30. There are

certainly four quite distinct modifications of this genus, represented
liy the two just mentioned, and by /?. miisculns and B. borcalis,

all inhabitants of British seas, but tho question whether almost
identical forms found in the Southern and Pacific Oceans are to bo
regarded as specifically identical or as distinct awaits the result of
fnture researches.

Sl'border ARCU.'EOCETI.

This group is formed to inclado certain extinct Cetaceans, which
«rc at present only known by more or less fragmentary portions of
their skeleton and tooth, and whoso position and afhnities are
therefore still subject to doubt

In the anterior jtirt of both jaws the teeth are simple, conical, or
•lightly coiiiprosscil, and sharp-pointed. The first three in the
nppcrjiw aio distinctly implanted in the proniaxillary bone, and
so m.iy be rookoncd as incisors. The tooth which succeeds, or the
clniiio, is also simple aud conical, but it does not exceed the othera

ill size. This is followed by five teeth with two distinct roots, and
compressed, pointed crowns, with denticulated cutting edges.' Tin
dentition is therefore i jj, c \, p and vi J -36, resembling that ol
some Seals.' General form of the skull elongated and much
depressed. Brain cavity veiy small, and the skull between it and
the orbits elongated and narron'. Tcmiioral fossre very lar^e. A
strong sagittal crest. Rostrum long and narrow, dilleriiig from
that of other Cet.aceans in the large extent to which the preuiaxilla;
furm the sides of the anterior extiemity. Nasal bones elong;atcd,
fl.-it, aud narrow, the opening of the anterior narcs being ov«r the
middle of tho elongated compiossod lostrum. AH the cervical
vertebra: free. The characters of,tho dorsnl vertebii", and mode
of articulation of the ribs, appear to have )-csenibled those of
Platanista rather than Balasna, riiysclcr, or Dclphiiiiis. Lumbar
vertebra; with elongated bodies. Chaiiicters of the limbs not known
»rith certainty.

-

All the knoivn fossil remains belonging to the animals of this
group may be referred, provisionally at least, to the genus Zcuglodoii,
so named because the first section of a molar tooth examined was
tiken fioni the base of the crown, whore it was beginning to divide
into the two roots, and looked like two single tenth " linked or yoked
together " This n.amc was substituted by Owen for the earlier one
Basilnauriis of Harlau, with the consent of that author, on tho
inannnalian nature of tho animal being demonstiated.^ The hitter
name is, however, still gener.illy retained by American zoologists.
Tho remains hare hitherto been found chiilly in the Eocene for-
mations of the States of Alab.ama, Louisiana, ilississipju, and
Arkansas, and liave been assigned to several species. A portion of
a skull is recorded from the IJarton Clay (Kocoiic^ of Hampshire,
England.

Sfeordeu ODONTOCETf,
Vic DELniiNOiDCA, or Toothed WlutJcs.

Calcified teeth always present afterbirth; generally numerous,
but sometimes a very limited nnmbcr (in a lew cases none) aro
functionally developed. No baleen. L'jiper surface of the skull
more or less asymmetrical. Nasal bones in the form of nodules or
flattened plates, applied closely to the fiontals, and not forming
any part of tho roof to the narial p.assage, which is directed Ujnvards
aud backwards. Olfactory organ rudimentary or absent. Hinder
cml of tho maxilla expanded and covering the greater part of the
orbital plate of the frontal bone. Lacrymal bone cither inscparablo
from the jugal, or, when distinct, very large, and formiivg part of
tho roof of tho orbit. Tympanic bone not ankylosed with tho
periotic, which is usually only attached to the rest of the skull by
ligament Rami of mandible nearly straight, much expanded in
height posteriorly, w ith a wide funnel-shaped aperture to the dental
canal, and coming in contact in front by a flat surface of vaiialilo

length, but always constituting a true symphysis. Several of the
anterior ribs with well-dcveloiiod capitular processes which articu-
late with the bodies of the vertebra-. Sternum almost always com-
posed of several pieces, jilaccd one behind the other, with which
several pairs of ribs are always connected by the intotvention of
well-developed cartilaginous or ossified stcrn.il jibs. External
respiratory aperturo single, tho two nostrils uniting before they
reach the suiface, usually in the form of a transverse siibcretrentic

valvular aperture, situated on the top of the head. JIanus always
iientadactylous, though tho first and fifth digits aro usually very
little -developed. No ca;cuni, except in PUdunisla.

Family Physetebid^

No fifnctionnl teetb in the upper jaw. Mnndibukir tooth various,
often much reduced in number. Bones of the cranium raised so
OS to form an elevated prominenoo or crest behind the nares.

,

Pterygoid bones thick, pruduc^d backwards, meeting in the middle
line, and not involuted to form the outer wall of tho post-palatine
air-sinuses, but simply hollowed on their outer side. Transverse
processes of the arches of tho dorsal vcrtcbite, to which the tubercles

of the ribs are attached, ceasing abruptly near tho end of tho
series, and replaced by processes on the body at a much lower'

level, and not on a line, or serially homologous with them, butl

serially homologous anteriorly -with tho heads of the ribs, and
posteriorly with the transverse processes of the lumbar vertebi'so.

(In soino genera, as Physclcr, tho two processes, ujiper and lower
on each side, are both present and well developed in the same,
vertebra in tho region of transition. In others, as Ziphius and!

Bcrardivs, they ore not both developed on any single vertebra.)'

Costal cartilages not ossified.

Subfamily Physetei-insB.—Numerous teeth in tho niandiblc,i

which are not sot in distinct bony alveoli, but in a long groove

» An oppcnrance In one specimen lias been described by C. G. Cams as IndlJ
CQtIni! a vcnical &urcc^sioIl of ihc tcclli. but Iho c\lilcncc upon whuh this rests la

by 110 ineiins snii^fnctory. nnd Dppcnisio nilmlt of nnotlicr exp'nn.ition. j

2 \ muilliitcd Iiumcnisof Zfwjio'lon retoidf.t U«s Rhcn rise to many conjecturoiu
opp'-uilnc tOionu- sn.itnmM-t to Inili-atcScQl-iikc ficvdom of motional ttic clUjir4
jdinl. while to others ils chHincttrs appear to be truly Cetacean.

' Sec Tram. Gtol. Soc. lond., scr. 11., vol. yl. p. C7.
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imperfectly divided by partial septa, and held in place Iiy tlie stroni;,

Gbruus f;iim which surroiiiiils tliem. No distinct hicruiinl Ikuic.

Cranium strikin;;ly asymmetrical in the rejjiou of the narial apertures,
in conaequeuce of the left opening greatly exceeding the right in
ize.

Physettr.—Upper teeth apparently of uncertain number, rudi-
mentary and fuiictionless, beiii*; eml)eddcd in the yum. I-ower jaw
with from 20 to 25 teeth on each side, stout, conical, recurved, and
pointed at the apex until they are worn, without enamel. Upper
Burface of the cranium concave; its posterior and lateral edpes
faised into a very hiyh and prcatly compressed semicircular crest
or wall. Zygomatic processes of malar bones thiclt and massive.
Rostrum !;reatlv elongated, broad at the base and gradually tapering
to the apex, tipper edge of the mesethmoid fornung a roughened
irregular projection between the narial apertures, inclining to the
left side. Mandible exceedingly long and narrow," the symphysis
being more than half the length of the ramus. Vertebrie: C 7, D 11,

Fio. 43.—Skull of Sperm 'OTale IPhyseter macroceplialui).

L 8, C 2-J ; total 50. Atlas free ; all the other cervical vertebra
united by their bodies and spines into a single mass. Eleventh
pair of ribs radimeatary. Head about one-third the length of the
body; very massive, high and truncated, and rather compressed
in front

; owing its huge size and remarkable form mainly to the
great accumulation ef a peculiarly modified form of adipose tissue
lilUug the large hollow on the upper surface of the cranium and
overlying the rostrum. The single blowhole is longitudinal,
slightly sigmoid, and placed at the upper and anterior •extremity
of the head to the lelt side of the middle line. The opening of
the mouth is on the under side of the head, considerably behind
the end of the snout. Pectoral fin short, broad, and truncated.
Dorsal fin a mere low protuberance.
There is no certain evidence that more than one species of this

genus exists. This is the Cachalot or Sperm Whale, P. macro-
cephalics, one of the most colossal of animals, quite
equalling, if not exceeding, the Greenland Whale in
bulk. The length of the full-grown male is from 55
to 60 feet, but the female is stated not to reach more
than half that size. It feeds chiefly on cephalopods
and fish, and is one of the most extensively distributed
of Cetaceans, being met with, usually id herds or
"schools," in almost aU tropical .or subtropical
seas, but not occurring, except accidentally, iu
the polar regions. Those that appear occasionally oa the British
coasts are solitary stragglers, usually, if not always, old males.

The oil contained in the great cavity above the skull, when refined,

yields "spermaceti," and the thick covering of blublSer which
everywhere envelops the body produces the valuable "sperm oil"

of commerce ; hence this animal has long been the subject of a
regular chase, by which its numbers have been greatly diminished.
The substance called "ambergris," largely used in perfumery, is a

concretion formed in the intestine of the Sperm Whale, and is

fotmd floating on the surface of the seas which they inhabit. Its

genuineness is attested by the presence of the debris of the horny
beaks of the cephalopods on which the Whales feed.

Kogia.—Teeth of the upper jaw absent or reduced to a rudi-

mentary pair in front; in lower jaw 9 to 12 on' each side, rather

long, slender, pointed, and curved, with a coating of enamel. Upper
surface of the cranium concave, with thick, raised, posterior and
lateral margins, massive and rounded at their anterior terminations

above the orbits. Upper edge of the mefethmoid forming a pro-

piinent sinuous ridge, constituting a kind of longitudinal septum
to the base of the great supra-cranial cavity. Rostrum not longer

than the cranial portion of the skull, broad at the base, and rapidly

taperin" to the apex. Zygomatic process of the malar styliform.

Mandible with symphysis less than half the length of the entire

ramus. Vertebrae : C 7, D 13 or 1 4, L and C 30 ; total 50 or 61. All

the cervical vertebrae united by their bodies and arches. External

characters not well known, but, judging by the somewhat conflicting

accounts of those that have had an opportunity of observing them,

the head is about one-sixth of the length of the body, and obtusely

|iointed in front ; the mouth small and placed far below the apex

iof the snout ; the spiracle crescentic, and placed oblifinely on the

lop of the head anteriorly to the eyes, and to the left of the middle
line; llie |icctoral tins are obtusely falcati-; and there is a triangular
dorsal lin.

The history of this genus is a good illustration of the difiicultiea

in which the study of the Cetacea has been involved by the super-
ficial mai r in which it has lieen investigated. The first known
examnlc, a skull fmni the Cape of Good Hope in the Paris Museum,
was described by lilainville under the name of J'hyseler brevlceps.
This was afterwards with good reason generically separated by Gray.
Until within a very few years ago only five other individuals had
been met with, each of which had been descrilied under a different
specific name (vv/.., ffraifl, mfirleayl, sijnus,Jlotrtri, and /)(>^'••l'/), and
which are arranged by Gray in two distinct genera. The most carefu/
examination of the description given of these specimens, or of the
now numerons osteological remains available, fails to detect any
differences beyond those which niav be attributed to age or sex;
and hence, according to our present knowledge, these six supposed
species must all bo included under one name, K. breviceps, an
animal which appears to attain the length of 10 feet when adult,
and has been met with at various distant localities in the Southern
Ocean, and also off the coast of Madros and iu the North
Pacific.

Subfamily Ziphiince.—Teeth of the mandible quite rudimentary
and concealed in the gum, except one, or very rarely two, pairs
which may bo largely developed, especially in the male sex. A
distinct lacrymal bone. Externally the mouth is produced into a
slender rostrum or beak, from above which the rounded eminence
formed by a cushion of fat resting on the cranium in front of the
blowhole rises somewhat abruptly. Spiracle or blowhole single,

crescentic, median, as in the Dclphinidse. Pectoral fin small, ovate,

the five digits all moderately well developed. A small obtusely
falcate dorsal fin situated considerably behind the middle of the
back. Longitudinal grooves on each side of the skin of the
throat, diverging posteriorly, and nearly meeting in front. In
external characters and habits the animals of this group closely

resemble each other. They appear to be almost exclusively feeders

on various species of cephalopods, and occur either singly, in pairs^

or in small herds. By their dental aud osteological characters they
are easily separated into four distinct genera.

Eypcroodon.—A small conical pointed tooth at the apex of each
ramus of the mandible, concealed by the gum during life. Skull
with the upper ends of the premaxillte rising suddenly behind the
nares to the vertex and expanded laterally, their outer edges curving
backwards and their anterior surfaces arching forwards and overhang-
ing the nares-, the right larger than the lelt. Nasal bones lying in

the hollow between the upper extremities of the prcmaxillse, strongly

concave in the middle tine and iu front ; their outer edges, espe-

cLally that of the right, expanded over tlie front of the inner

Fig. 44.

—

Hyperoodon rostratus. From a specimen taken off the coast of Scotland, 1882.

border of the maxilla. Very high longitudinal crests on the

maxillre at the base of the rostrum, extending backwards almost
to the nares, approaching each other in the middle line abovel
sometimes compressed and soiiretimes so massive that their inner

edges come almost in contact. Anteorbital notch distinct

Mesethmoid but slightly ossified. Vertebra ; C 7, D 9, L 10, C 19
;

total 45. All the cervical vertebra united. Upper surface of the

head in front of the blowhole very prominent and rounded, rising

abruptly from above the small, distinct snout.

Two species are* known, H, rostratus, the common Hyperoodon
or Bottle-nose, and JI. latifrons, both inhabitants of the North
Atlantic, and attaining when adult respectively the length of 24

and 30 feet
Ziphhts.—A single conical tooth of moderate size on each side oi

the mandible close to the anterior extremity, and directed forwards

and upwards. Skull with the premaxillse immediately in front and
at the sides of the nares expanded, hollowed, and with elevated

lateral margins, the posterior ends rising to the vertex and curvino

forwards, the right being considerably more developed than the

left ; the conjoint nasals forming a strongly pronounced sym-

metrical eminence at the top of the cranium,. projecting forwards

over the nares, Bat above, most prominent and rounded in the

middle line in front, and separated by a notch on each side from

the premaxillse. Anteorbital notch not distinct. Kostrum (seen

from above) triangular, gradually tapering from the base to the

apex ; upper and outer edges of maxilla at base of rostrum raised

into low roughened tuberosities. Mesethmoid cartilage densely

ossified in adult age, and coalescing with the surrounding bonei

of the rostrum. Vertebra: 7, D 10, LIO, C22; total 49. :.TM
three anterior cervical vertebra united the rest free.
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The tvpe of this penus is Z. cnrii'ostri.-t of Cuvier, founded upon

an imiifrfect skull picked up in 180-4 on the Mediterranean coast of

France, ami described and fiijured in the Oasttntiis Fussiles under

the impression that it was that of an extinct species. Many other

individuals have, however, been 9ul)sei|nently met with in various

parts of the world, from the Shetland Islands to New Zealand, all

referable to tlie same (;*'iius if (mt to the same species; although,

as is usual in such cases, tliey have mostly been described under
different names. Teeth, apparently of allied forme, are abundantly

found in the Suffolk and Antwerp ('ra;^8.

MesQplvdun.^— X much compressed and pointed tooth in each

ramuB of the mandible, variously situated, but generally at some
distince behind the apex ; its point directed upwards, and often

somewhat backwards, occasionally developed to a great size. Skull

with the rej^ion around the nares as in Uijinroodvn, except that the

nasals are narrow and more sunk between the upper ends of the

lifrardius.— Two moderate-sized, compressed, pointed teeth on
each side of the symphysis of the mandible, with their apices
directed forwards, the anterior beinj; the Iar<:er of the two and close

to the apex. Upjier ends of the premaxilla* nearly symmetrical,
moderately elevated, very slij^htly expanded, and not curved
forward over the nares. Nasals broad, massive, and rounded, of
nearly equal size, forminj; the vertex of the skull, flattened in front,

most prominent in the middle line. Anteorbital notch distinct.

Kostrum long and narrow. Mesethmoid only partially ossified.

Small rugous eminences on the outer edge of the upper surface of
the maxillie at base of rostrum. Vertebra- : C 7, I) 10, L 12, C 19 ;

total 48. The three anterior cervicals aiikylosed, the rest free and
well developed.

Tlie only known species, B. arnottxi, attains the length of 30
feet, and has hitherto only been met with in the seas around New
Zealand.

"-i^^^^^gf

Fio. Ao.—Mcsoplodon bidens. Fi'om Rcinlmiilt.

premaxilla,' ; like those of I/i/peroodo?i, they are concave in the middle
line in front and above. No maxillary tuberosities. Anteorbital

notch n<tt very distinct. Rostrum long and narrow. Mesethmoid
in ailult age ossified in its entire length, and coalescing with the

surrounding bones. Vertebr.-e : C 7, I> ID, L 10 or U, C 19 or 20
;

total 4ti to 48. Two or three anterior cervicals united, the rest

usually free.

Though v.'irying in form, the mandibular teeth of the different

members of this genus agree in their essential structure, having a

small and pointed enamel-covered crown, composed of true dentine,

which, instead of surmounting a root of the ordinary character, is

raised upon a solid mass of osteodentine, the continuous growth of

which greatly alters the form and general appearance of the organ
as age advances, as seen most strikingly in tlie case of J/, biynrdi,

where the long, narrow, flat, strap-like teeth, curving inwards at

their extremities, actually meet over the rostrum, and must greatly

interfere with the movements of the jaw. In one species

{M. fjrayi) a row of minute, conical, pointed teeth, like those of

ordinary Dolphins, 17 to 19 in number, arc present even ih the
adults, on each side of the middle part of the apper jaw, but
embedded by their ^roots only in the gum, and not in bony alveoli.

This fact, with the freipient presence of rudimentary teeth in other
species of this and the last geinis in both upper and lower jaws,

suggests the idea that the Ziphioids are derived from ancestral forms
haring teeth of normal character in both jaws, but whose dentition

FiQ. 4C—Skull of Mcsoplodon daisirostris.

has bec<une greatly specialized. The existing species of this genus
are widely distributed in b<ttti northern and southern hemispheres,
hut most frc'iuent in the latter. The best established .are Af.t/idens,

.V. f f*r«/3rtrM.«t, M.detmirosfris, .If.lnynrdi, M.grnyi, and .\f.htctori;

but there is still much to be learned with reirard to their distinctive

characters and geni;raphir:il distriluition. Thi-y were abundant m
the Later Miocene iinrl Pliocene age, as attested by the frcijuency
with which the most imperishable and e.isily recognized portion of
their structure, the long, cylindrical rostrum of the skull, of more
tliait ivory denseness, is found among the rolled and waterworn
fragments of animal remains which e<tmpose the well-known
'* bone-bed** at the base of the Ked Crags of Sufl'olk. Numerims
generic distinctions h.ave been founded upon slight nioditications
of the form of these rostra, such as (Imui z'lphiits, l'l'ir<i:i'/ih{u!i,

/iih t/inoziphiu.-t, .te., but these can only bit considered as provisional
until further knowledge is obtained of the structure of tne animals
Ut which they belonged.

1 Fur tho very complicated synonymy of tblB eeaus, we Trans. Zool. Soc.,
vol. Tin. p. 208.

Family SguAU)i>ONTiD.E.

Numerous extinct forms, chiefly known by teeth

and fragments of crania, may be provisionally placed
here, until more of their osteologicol characters shall

be brought to light. They ditler from all existing

Cetaceans in having the teeth distinctly differentiated

into groups, as in the Archceoceti, the posterior molars
being two-rooted. The cranium, has, however, none
of the distinguishing characteristics of the Zeuglo-

dons, hut essentially resembles that of the Odontoceti, especially in

the position of the anterior nares and form of the nasal bones.

The best-known are associated in the genus Sgualodon. Denti-
tion : / 2, c i, simple teeth of the molar series (premolars ?) J, two-
rooted molars ^= \^i; total 60. The double-rooted molars differ from
those of Zeughdon in having the denticulations of the crown
confined to the posterior border, or at all events much less

developed on the front edge. Very little is known of the structure

of these animals, beyond the skull and teeth, fragments of which
have been found widely distributed throughout the marine Miocene
and Early Pliocene formations of Europe, especially in the Vienna
basin, many parts of France, and the Antwerp and Suffolk Crags.
They have also been found in formations of corresponding age in

North America and South Australia.

Family rLATAMSTiD-E.

Under this heading may be placed three very singular genera,

which, though differing considerably from each other, have several

points in common, and do not altogether come under the definition

either of the Physeteridm or the Pelphinidie, especially in the

important character of the mode of articulation of the ribs with
the dorsal vertebrae, as the tubercular and capitular articulations,

distinct at the commencement of the series, gradually blend
together, as they do in most ordinary mammals. The cervical

vertebrae are all free. The lacrymal bone is not distinct from
the malar. The jawa are long and narrow, with numerous teeth

in both. The symphysis of the mandible exceeds half the length

of the whole ramus. Externallv the head is divided from the body
by a slightly constricted neck. IVctoral liudis broad and truncated.

Dorsal fin small or obsolete. Fluviatile or estuarine. There are

three distinct genera, which might 'almost be made the types of

families, but is probal)ly more convenient to keep them together.

Platanista.— Teeth about 5K on each side, set near together,

rather large, cylindrical, and sharp-pointed in the young ; in old

animals acquiring a large laterally compressed bast-, which in the

posterior part ofthe series becomes irregularly divided into roots.

As the conical enamel-covered crown wears away, the teeth of the

young and old animals have a totally different appearance. The
rostrum and dentigerous portion of the mandible are so narrow that

Fio. Al.^Platanista gangttka. From Anderson.

the teeth of the two sides are almost in contact. Alaxillae support-
ing very large, incurved, compressed bony crests, which overarch
the nares and base of the rostrum, and almost meet in the middle
line above. Orbits very small and eyes rudimentary, without
crystalline lens. External respiratorv aperture longitudinal, linear.

Vertebne : C 7, D 11, E 8. C 2.^ : total 51. A small caeum. No
pelvic bones. Dorsal tin represented by a Ii>w ridge.

One species, /*. yanyttirit, entirely fluviatde, being extensively
distributed throughout nearly the whole of the river systems, not
only of the (ianges, but of the Hrahmaputru :ind Indus, ascending as
hign as there is water enougli to swim in. but never passing out to

I sea. It is quite blind, and feeds on small lisli ami Ci-ustaceaf
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groping for lliom with its lonp; snout in the mmlily water at the
bottom of the rivei-s. It attains the lenj;lh of S feet.

Inia.—Teeth variable, from 26 to 33 on each side of cacn jaw

;

thos« at the posterior part with a distinct tubercle nt the inner side
of the base of the crown. Vertebrre : C 7, D 13, L 3, C 18 ; total 41.

Transverse processes of lumbar vertebr.'e very broad. Sternum
short nud broad, and consisting of a single segment only. Dorsal
fin a mere ridge. The long cylindrical rostrum externally furnished
with scattered, stout, and crisp hairs. One species only is known,
/. geoffrcnsis, about S feet in length, inhabiting the upper Amazou
nud its tributary streams.

Ponloporia.—Teeth 50 to 60 on each side of each jaw, with a
ringulum at the base of the crown. Jaws very long and slender.
Vertebrae ; C 7, D 10, L 5, C 19 ; total 41. Transverse processesof the
lumbar vertebra: extremely broad. Sternum elongated, composed
of two segments, with four sternal ribs attached. Dorsal fin rather
small, triangular, pointed. External respiratory aperture transverse,

Fig. 4S.—/en.'.

,

illii. From Burmcister.

crescentic. This genus connects the last two forms with the true
Delphinidm. The only species, P. blainvillii, is one of tho
smallest of the whole order, not exceeding 5 feet in length. It has
only been met with at the mouth of the Eio de la Plata, near Buenos
Ayres, and there is at present no evidence that it ascends into tho
fresh waters of the virer.

Family Delphinids.

Teeth usually numerous in both jaws. Pteiygoid bones short,
thin, each involuted to form with a process of the palate bone the
outer wall of the post-palatine air-sinus. Symphysis of mandiblo
short, or moderate, never exceeding one-third of the lengtli of the
ramus. Lacrymal bone not distinct from the jugal. Transverse
processes of the dorsal vertebraj gradually transferred from tho
arches to the bodies of the vertebrse without any sudden break, and
becoming posterioily continuous serially with 'the transverse pro-
cesses of the lumbar vertebrae. Anterior ribs attached to tho
transverse process by the tubercle, and to the body of the vertebra
by the head ; the latter attachment lost in the posterior ribs.
Sternal ribs firmly ossified. External respiratory aperture trans-
verse, ci-escentic, with the horns of the crescent pointing forwards.

I A very large group, closely united in essential characters but
presenting great modifications in details. The different types arc
mostly so connected by intermediate or osculant forms that there
are great difficulties in grouping them into natural subfamilies.
Even the formation of weJl-defined genera is by no means satis-
factory in all cases.

i/oncK/oK.-—Besides some irregular rudimentary teetli, the entire
dentition is reduced to a single pair of teeth which lie horizontally ill

the maxilla, and which in the female remain permanently concealed
within the alveolus, so that this sex is practically toothless, while
in the male (see fig. 49) the right tooth usually remains similarly
concealed and aborti ve and the left is immensely developed, attaining
a length equal to more than half that of the entire animal, projecting
horizontally from the head in the form of a cylindrical, or slightly
tapering, pointed tusk, witliout enamel, and with the surface
marked by spiral grooves and ridges, running in a sinistral direction.
(When, as occasionally happens, both tusks are developed, the
spiral grooves have the same direction in each.) Vertebrae; C 7,D 11, L 6, C 26 ; total 50. Cervical region comparatively long, and
all the vertebrae distinct, or with irregular unions towards the
middle of the series, the atlas and axis being usually free. Manus
small, short, and broad

; second and third digits nearly equal,
fourth slightly shorter. No dorsal fin.

One species, M. nwnoccros, the Narwhal or Sea-unicom, so called
on account of the remarkable single, horn-like tusk of the male,
which often grows to a length of 7 or 8 feet. It inhabits the Arctic
Ocean, where it is tolerably abundant and gregarious, feeding on
various species of cephalopods, small fish, and crustaceans. It is
rarely seen south of 65' N. lat.

Selphinajiterus.—This genus is closely allied to the last in
external form, as well as anatomical structure, differing only in the
very difierent character of the dentition. Teeth from | to {J,
occupying the anterior three-fourths of the rostrum and correspond-
ing portion of the mandible, rather small, conical, and pointed
when unworn, but usually become obliquely tnincated, separated
by intervals considerably wider than the diameter of the tooth, and
implanted obliquely, the crowns inclining forwards especially in
the upper jaw. Skull rather narrow and elongated, depressed.
PremaxUlas convex in front of the nares. Kostrum about equal in

length to the cranial portion of the skull, triangular, broad at the
base, and gradually contracting towards the apex, when it is some-
what curved downwards. Veitcbra;; C 7, D 11, L9, C 23 ; total 50.
Cervical vertebne free. JIanus broad, .short, and rounded, aii tlie
digits being tolerably well developed, ex-
cept the first. Anterior part of head
rounded ; no distinct snout No dorsal
fin, but a low ridge in its iilacc.

One species, D. lotcas (fig. 50), the Beluga,
or White AVhale, so called from its pure
white colour, about 12 feet long, abundant
in the Arctic seas, and extending as f.ir

south on the American coast .as the river
St Lawrence, which it ascends for a con-
siderable distance. On rare occasions it

has been seen on the coast of Scotland.
In all the remaining genera of Dclphi-

nidx the cervical region of the vertebral
column is very short, and the first two,
and usually more, of the vertebrae ar«
firmly united.

PAocff«rt.—Teeth 44 to 1%, small, oc-
cupying nearly the whole length of the
rostrum, with compressed, spade-shaped
crowns, separated from the root by a
constricted neck. Rostrum rather shorter
than the cranium proper, broad at the
base and tapering towards the apex.
Premaxillae raised into tuberosities in
front of the nares. The frontal bones
forming a somewhat square, elevated pro-
tuberance in the middle line of the skull
behind the nares, rising altogether above
tho flattened nasals. Symphysis of man-
dible very short. Vertebne: C7, D 13,
L 14, C 30; total 64 (subject to slight
individual modifications). First to sixth
cervical vertebiffl, and sometimes the
seventh also, coalesced. Manus of mode-
rate size, oval, slightly falcate; second
and third digits nearly equal in length

;

fourth and fifth well developed, but
shorter. Head short, moderately rounded
in front of the blowhole. Dorsal fin (in

the typical species) near the middle of tho
back, triangular ; its height considerably
less than the length of the base ; its

anterior edge frequently furnished with
one or more rows of conical liomy
tubercles.

The common Porpoise or Porpus,
P. communis, is the best known of
British Cetaceans (see Porpoise). A
species from Japan, P. mclas, closely
allied in osteological and dental char-
acters, but which wants fhe dorsal fin,

constitutes the genus Keomeris of Gray.
It is entirely black in colour, and has
but 54 teeth, rather larger proportionally
than those of P. communis, but of similar
form.

Orcellcc—^Teeth 4-| to •}-', small, conical,

pointed, rather clc-icly set, and occupying
nearly the whole length of the rostrum.
Skull sub-globular, high. Rostrum nearly
equal in length to the cranial portion of
the skull, tapering. Manus of moderate
size, not elongated, but somewhat pointed.

All the bones of the digits broader than Fio. 4!>.—Upper Surface oMlw
long, except .the proximal phalanges of SkuU of JIale Nan«li»t

the index and third fingers. Head
globular in front. Dorsal fin rather

small, placed behind the middle of the
body. Two species, both of small size

—

0. brevirostris, from the Bay of Bengal, and 0. fluminaXis, from
the Irrawaddy river, from 300 toi900 miles from the sea. Our
present knowledge of the anatomy, geographical distribution, and
habits of these interesting Cetaceans is almost entirely due to the
researches of Dr J. Anderson.'

Orca.—Teeth about fj, occupying nearly tho whole length of the
rostrum, very large and stout, with conical recurved crowns, and
large roots, expanded laterally and flattened, or rather hollowed, on
the anterior and posterior surfaces. Rostrum aboqt equal in length
to the cranial part of the skull, broad and flattened above, rounded
in front

;
premaxillas broad and rather concave in front of the

* Anatomical and Zoological Researches, conipruing an Account o/ the Zoojoff'tat
JSesulti oj the ttco Exjuditioni to Western Tunnan, in 1S68 and lS7o (1878).

'A"
'i?\'«'J

'^1

(MoTJodon moTjoceros), with
the ivliole of both teeth ex-
posed by removal of the
upper valL ol their alreolar
cavities.
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Hires, contracted at the middle of tlio rostrum, and cxnaiidiii"
again towards tiie apex. Vertebrce : C 7, D 11-12, L 10, C 23 ; total
61 or 52. Bodies of the first and second and sometimes the third
cervical vertobrte united ; the rest frse. Pectoral fin very larce,
ovate, nearly as broad as long. All tlie phalanges and metacarpals
broader than long. General fonn of body robust. Face short and
rounded. Dorsal fin near the middle of the back, very high and
pointed.

The animals composing this genus are met with in almost all seas
from Greenland to Tasmania, but the number of species is still very
uncertain. They are readily knowi, when ewimming in the water,
by the high, erect, falcate dorsal fin, whence tlitir common German
name of Schwcrt-fisch (Sword-lisli). By English sailoia they ai-e

generally known as "Grampuses" or "Killers." They ara
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Tig. 50.—Beluga or White Whale {Delphinapients teuem). From a Kpeclmen taken in the
livci" St Lr.wrence, and exhibited. in London, 1877.

distingnished from all their allies by their great strength and
ferocity, being tho only Cetaceans which habitually prey ou warm-
blooded animals, for, though fish form part of their food, they also

attack and devour Seals, and various species of their own order, not
only the smaller Porpoises and Dolphins, but even full-sized Whales,
which last they combine in packs to hunt down and destroy, as

Wolves do the larger Ruminants.
Pscvdorca.—Teeth about |f. Cranial and dental characters

genorally like those of Orca, except that the roots of the teeth are

cylindrical. Vertebra: C 7, D 10, L 9, C 24; total .lO. First to

nxth or seventh cervical vertebra; united. Bodies of tho lumbar ver-

t»bra! distinguished from those of tho preceding genera by being

Fio. 51.- Grainpns (0/ra gtadialor). From Hunter.

more elongated, the length bemg to the width as 3 to 2. Pectoral
fin of moderate size, narrow, and pointed. Dorsal fin situated near
the middle of the back, of moderate size, falcate. Head in front of

the blowhole high, and compressed anteriorly, the snout ti'uncated.

This genus was first known by the discovery of a skull in a sub-

fosail state in a fen in Lincolnshire, named by Professor Owen
Phociena crassidens. Animals of apparently the same species Tvero

afterwards met with in small herds on the Danish noast, and fully

described by Kcinfaardt. Others subsequently received from
Tasmania were supposed at fii'st to indicate a diflercnt species, but
comparison of a Inrgcr scries of specimens from these extremely
distant localities fails to establish any characteristic difference, and
indicates an immense range of distribution for a species apparently
so rare. Its length is about 14 feet, and its colour entirely black.

Glohlccplialus.—Teeth |-^. confined to the anterior half of the

rostrum and corresponding part of the mandible, small, conical,

curved, sharp-pointed whcH unworn, sometimes deciduous in old
oge. Skull broad and depressed. Rostrum and cranial portidn
nboat equal in length. Upper surface of rostrum broad and flat.

PremaxilliB strongly concave in front of the narcs, as wide at the
middle of the rostrum as at tho base or wider, and veiy nearly or
eompletely concealing the maxillie in tho anterior lialf of this
region. Vertebne : C 7, D 11, 1, 12-14, C 28-29 ; toUl 68 or 59.
Bodies of tho anterior five or six cervical vertebra) united. Length
of tliu bodies of tho lumbar and anterior caudal Tcrtcbraj about
equal to their width. Pectoral limb very long and narrow, tho
second iligit tho longest, and having as many as 12 or 13 phalanges,
the third shorter (with 9 phalanges), the first, fourth, and fifth veiy
short. Foro part of tho head very round, in consequoncB of tlio
great development of a cushion of fat, placed on the rostrum of tlie

skull in front of th« blowhole. Donsal fin low and triangular, tho
length of its baso considerably exceeding its vortical heiglit.

Tlio typo of this well-marked genus is G. mctns, the Pilot
Whale, Ca'ing Whale, or Grindhval of tlio Faroo isiandors, which
attains tho length of 20 feet, and is of nearly uniform block colour,
except the middle of tho under surface, which is lighter. They are
cxtremelygregarious, and, uuliko the Killers, arc mild and inofTcusive

indisposition, feeding principally on cephalopoda. Their minentiv
sociable cluiractcr constantly leads to their destruction, as when
attacked they instinctively rusli together and blindly IbUow the
leaders of the herd In this way many hundreds at a time aro
frequently driven ashore and killed, when a herd ent<fis one of tho
bays or fiords of the Faroe Islands or north of Scotland Animals
ot this well-marked genua aro found in nearly all seas and their
specific distinctions aro not yet mado out. Specimens from the
Australian coasts, where tliey are generally called " Blackfish "

ara
quiteindutinguisl.able, either by external or osteologicaj characters
horn those of the North Atlantic.

'

Grampus.—Te&ni none in the upper jaw; in the mandible few
(3 to 7 on each side), and confined to the region of the symphysis.
Vertebrffi: C 7. D 12, L 19, C 30; total 68. General external char-

acters much as iii Globiccphalus, but the fore part of tho
head less rounded, and the pectoral fin less elongated.

But one species, G. jriscut, is certainly known, about
13 feet long, and remarkable for its great variability of
colour. It has been found, though rarely, in the North
Atlantic and Mediterranean. A sk-nll fram the Cape of
Good Hope, which differs slightly from that of the
above, has been described under' the name of G.
Ticliardsoni.

Delphiniis.—Teeth very numerous in both jaws, more than S?
occupying nearly the whole length of the rostrum, small, close-set'
conical, pointed, slightly curved. Postrum more or less elongated'
and pointed In front, usually considerably longer than the craniol
portion of the skull Vertebras : C 7, D 12-14, L and C variable ; total
51 to 90. I ectoral fin of moderate size, narrow, pointed, somewhat
talcato. First digit rudimentary, the second longest, third nearlv
equal, fourth and fifth extremely short. Externally the head shows
a distinct beak or pointed snout, marked off from the antenarial
adipose elevation by a V-shaped groove. Dorsal fin rather larce
triangular or falcate, rarely wanting.

'

This is a large and heterogeneous genus,, which pi'obably ought to
be divided, but, until more is known of the structure
of many of the species than is at present attainable
from the scanty materials in our collections, it is
impossible to frame a system of subdivision upon a
scientific basis. It seems preferable therefore, in-
stead of introducing new names into zoology for
groups founded upon trifling differences in tlio
length or width of tho rostrum of the skull or the
number of tho teeth, which may or may not be
correlated with other more important structural
modifications, to keep provisionally at least tho
Linnffian term Ddphinns for what remains of the
family, after eliminating the well-charactcrizej
genera previously described.

Tho true Dolpldns, Bottle-noses, or, as they are more commonly
called by seafaring people, " Porpoises," aro found in considerable
abundance in all seas, andeome species are habitually inhabitants
of large rivers, as the Amazon. They are all among the smaller
members of the order, none exceeding 10 feet in length. Their
food is chiefly fish, for the capture of which their long narrow
beaks, armed with numerous sharp-pointed teeth, aro well adapted,
but some appear also to devour crustaceans and molluscs. They
are mostly gregarious, and the agility and grace of their move-
ments in the water are constant themes of admiration to tho
spectators of the scene when a. "school of Porpoises" is observed
playing round the bows of a vessel at sea. The typo of the genus

Fig. 52.—Common Dolphin {Dctphinus defphis). From R(:lnliftrdt.

is the Common Dolpliin of the Mediterranean {D.ddphis, fig. 52), also

found in tho Atlantic, and of which a closely allied if not identical

form is met with in tho Australian seas {D.forslai) and in the North
Pacific (D. hairdii). The Tursio {D. Inrsio) is another British specie^
of larger size and heavier build, with larger and less numerous
teeth ; this and several allied forms probably constitute a natural
subgroup. The Whito-beakcd and White-sided Dolphins {D.
albirostris and Jeucopleuriis) of the North Atlantic, and scvcra"

Toth«i-s from the South and Pacific Seas, with comparatively brooil

and short rostrum to tho skull and very numerous (80 to 90)
vertebra;, constitute tho genus Lagcnorhynchus of Gray. Others,
with long narrow rostnim, aro associated under the name of Staio,
one of which from the Chinese seas [D. sinensis) has but 51 vertebra.-.

This last is of a pure milk-white colour, but most of the spedes arv
variegated with glowy black, various shades of grey, and whiter
tho latter chiefly on tho under parts of the body. Ono species (/A
^•ronii) from the SoutU Seas is rcmarkublc for the absence of
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dorsal fin. It constitutes the genus Leucorhamphus of I.ilIjel>or<»,

and Dtlphinapttrus of other authors; this last name, however, wa8
originally bestowed on the Ueluga, and should be retained for it.

Biblioymphy of (,W<irf.( — D. K. Kerlirl<:ht, /'n/rrnHWiMniK" W-rr rfr> .V"»-/iVhr» Walllhierr.

1849, rontalnH a rnploiirt t>lblloi:i-H|>h>- of thv groii|i u)i to Ibi- ilutt^ of putiMcfttloii.

8lDo« tliMt ttm« niimvroiia inonnKruphB on fip«olal rkmlllcs hdiI ct^n^ra Iikw been
publlflhc't, and k lnrK<-^ illuatrnlod geocral v/ork., I'st'ojrnphif dra Oilae/ii,by I* J. Vmd
ItenedcD (iiid P. (]prv«lH, 1868-T9. $pf nltio J. P. Brhiiilt, " TTnterHurhiingeD Tlbvr df«
FoMll«n urn] SubfoBnllon CetacceD Ruroita's," Id Mrm. dc iAcml. imp. de S:. i'rlT*-

bourg, (tti Her. I. xx., IS'3: aud C. M. ScammoD, .Vm-inF Miimjtuila f^ the JV. H'.

Coast </ ^i*rrA <inimm, 1874.

Order INSECTIVORA.

Terrestrial, rarely arboreal or natatorial, diphyodont,
heterodont, placontnl mainmals of small size, with planti-

grade, orseinii)laiitif?rad(', gcnrrMll.v jii'iitadactyle, unguic-
ulate feet; with rUivioles (except in Fotiniwgiih'); with
more than two incisors in tlic niandililc, and with enamel-
coated molars having tuberculatcd crowns and well-de-

veloi)ed roots. The body is clothed with fur, or protected
by an armature of spines; tlie te.stesare inguinal or placed
near the kidneys, and are not received into a scrotum, the
penis is pendent or suspended from the wall of the abdomen;
the uterus is two-horned and with or without a distinct

corpus uteri, theplacentadiscoidal and deciduat^; and the

smooth cerebral hemispheres do not extend backwards
over the cerebellum.

Representatives of this order are found throughout the
temperate and tropical parts of both hemispheres (except
South America and .Vustralia), and exliibit much variety
both in organization and in habit. Thegreaternumberare
cursorial, but some {Talpa, Chrysochloris, Oryzoriries) are
fossorial, some( l'ota>ito(jale,Necto(jale,Myo(jale) natatorial,
and some(Ti(pi)('(/,i)arboreal, while the species of one genus
(Galeopithrrtix) glide through the air like Flying Squirrels:

to the great majority, however, the term insectivorous is

applicable, the aberrant Galeopilhecus being alone phyto-
phagous also, while Polamogale is said to feed on fish,

and the different species of Moles live chiefly on worms.
Notwithstanding the homogeneous nature of their food,

much variety prevails in the form and number of their

teeth, as will be seen when we come to consider the
classification of the species. In many the division into
inci.sors, canines, premolars, and molars may be readily

traced, but in others, forming the great majority of the

species, such as the Shrews, this is accomplished with

difficulty. The dentition of the Inseclirora may, however,

be considered typical, since from it may be derived, by
modification, that of any known species of diphyodont
placental Mammalia. This typical dentition is espociallj'

noticeable in the genus fri/mnura, where the dental formula

is

—

i f , c J, pm I, m I ; total 44 teeth. So also, in their

general organization, these animals appear to have, de-

parted so little from what must have been the original

mammalian type that, were it not for the apparently

advanced character of their placentation, they might easily

be considered the scarcely modified descendants of the

ancestors of all other orders of diphyodont placental

mammals. Their study, therefore, affords the best intro-

duction to that of this division especially.

In most Insectirora the cranial cavity is of small relative

size, and in none is the brain case elevated to any consid-

erable extent above the face-line. The facial part of the

skull is generally much produced, and the premaxillary

and nasal bones well developed. The zygomatic arch is

usually slender or deficient, the latter being the case in

most of the species, and post^oi-bital processes of the

frontals are found only in Galeoptlhecid.r, Tupaiidir, and
ifacroscelidie. The number of dorsal vertebrae varies from
13 in Tupaia to 19 in Centftes, of lumbar from 3 in

Chrysochloris to 6 in Talpa and Sorex, and of caudal from
the rudimentary vertebrse of Centetes to the 40 or more

welldevelojied ones of Microgale. Not less variable are
the characters of the vertebrte: thespiuous processes may
be very long in <me species and short in another, though
belonging to the same genus; in the Soi-icid.-r and in
Myogale the neural arches of the cervical vertebrte are
very slender; in Soricidx uXso and in Gymntira the four
anterior vertebrjp develop large single liyj)ai)ophyses, and
in Galeojiitht'CHK the body of each sujiports posteriorly a
pair of hypapoiihysial tubercles. In Eriiiarevs, Myogale,
and Talpa small oval ossicles are found on the inferior sur-
faces of the lumbar intersimces. In Erinaceui',o\\\nK to the
thickness of the cord in the cervical region and its abrupt
termination, the diameter of the neural canal in the cervical
and first two doT-sal vertebroe greatly exceeds that of any
of the succeeding vertebra'. The sternum is variable, but
generally narrow, bilobate in front, and divided into seg-

ments. The shoulder-girdle iiresents remarkable adap-
tive modifications, most expressed in Talpa (see Mole),
having relation to the use of the fore limbs in burrowing;
in the Golden Moles (Chrysoclilorh), however {ride infra),
the forearm and manns alone become specially modified.
In Galeojiilhccnf: and Macroscelides the forearm bones are
distally unit*'d; in all other known hiseciiiora the ra-

dius and ulna are distinct. The inanus has generally five

digits, but in liliyncliaryon and in one species of Oryzo-
rictes the pollex is wanting. In the true Moles (see Mole)
it is extremely modified. The femur has, in most species,

a prominent ridge below the greater trochanter present-

ing the characters of a third trochanter. In Galeopitliecus,

Tiipaia, Cenleles. Hemicenletes, Ericulas, and Solenodon
the tibia and fibula are distinct, in all other genera more
or less united together. The pes consists usually of five

digits (rarely four by reduction of the hallux), and in

some, as in the leaping species (Macroscelides, Khynchoc-
yon), the tarsal bones are greatly elongated. The form of

the pelvis, and especially that of the symphysis pubis
varies within certain limits, which have been propo.sed by
Leche as a basis for the classification of the families.

Thus in Galeopil]iecida\ Tupaiida-, and Macroscclidie there

is a long symphysis, as in Rodents ; in Erinaceidx, Cente-
tidie, and Potamogalidie it is short; and in Soricidse, Tal-

pidte, and Chrysochloridie there is none.

Space does not admit of even attempting a sketch of the
interesting modifications of the muscular system, which
will be found fully described in the present writer's Mono-
graph, referred to in the bibliography. As to the nervous
system, it may be noticed that the brain throughout the

species presents a low type of organization: in none do the
cerebral hemispheres present any trace of convolutions,nor
do they extend backwards so as to cover the cerebellum;

the olfactory lobes are large and project in front ; and the

corpus callosum is short and thin. In the Hedgehogs

(Erinaceus) the spinal column ends abruptly opposite the

third or fourth dorsal vertebra in a .slender filament ; the

dorsal and lumbar nerves, given off in front of this ]>oint,

are carried backwards in two compre.ssed bundles occupy-

ing the suddenly narrowed spinal canal as far as the sacrum.

Owing to the similarity in the character of the food, the

truly insectivorous species, forming more than nine-tenths

of the order, present little variety in the structure of the

digestive organs. Except in Galeopilhecus (vide infra)th%

stomach is a8imple,thin-walled sac ; in some, as in Centetet

and allied genera, the pyloric and oesophageal openings are

very close together; the intestinal canal has much the

same calibre throughout, and varies from three (in the

Shrews) to twelve times (in the Hedgehogs) the length of

the head and body. In the arboreal genera Galeo))ilhecus

and Tupaia, and in the allied Macroscelidir, all of which

probably feed on vegetable substances as well, most of the

species possess a caecum. The liver is deeply divided into
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lobes, the right and left lateral being cut off by deep

fissures ; both the caudate and Spigelian lobes are generally

well developed, and the gall-bladder, usually large and
globular, is placed on the middle of the posterior surface

of the right central lobe.

In most of the species {Soricidx, Centetidx, Chryao-

chloridx) the penis is capable of being more or less com-

pletely retracted within the fold of integument surrounding

the anus ; in some (Galeopilhecidx, Talpidx) it is pendent

in front of the anus, while in others (Macroscelidx,

Erinaceids, Solenodonlida:) it is carried forwards and
fluspended from the abdominal wall. In Centetinss and
Chri/sochhris the testes lie immediately behind the kidneys,

in others more or less within the pelvis. During the rut

they become greatly enlarged, forming protrusions in tho

inguinal region. Except in Rhynchocyon the uterine cornua

are long and open into a short corpus uteri, which in many
species {Soricida:, Talpidse, Cenletidx, Chrysochloridse) is

not separated from the vagina by a distinct os uteri. With
the exception of Gahopithecus all Insedivora appear to be

multiparous, the number of fcetuses varying from two to

eight in Erinaceus, and from tv.-elve to twenty-one in

Centetes. The position of the mammary glands and the

number of the teats vary greatly. In Galeopithecus there

are two pairs of axillary teats, in Solenodon a single pair

post-inguinal, but in most species they range from the

tliorax to the abdomen, varying from two pairs in Gymnura
to twelve in Centetes. In Chrysochloris the thoracic and
inguinal teats are lodged in deep cup-shaped depressions.

Odoriferous glands exist in many species. In most

Shrews they occur on the sides of tho body at a short

distance behind the axilla, artd their exudation is probably

protective, as few carnivorous animals will eat their dead

bodies. In both species of Gymnura and in Potamoyale

large pouches are situated on either side of the rectum, and

discharge their secretions by ducts, opening in the first-

named genus in front of and in tho latter within the

margin of the anus. In CfK(efes racemose glands similarly

situated discharge by pores opening at tho bottom of deep

pits placed at either side of tho anus.

The integument is thin, but in many species lined witii

well-developed muscles, which are probably more developed

in the Hedgehogs {Erinaceidx) than in any other mammal

;

in this family and in Centetidx most of the species are

protected by spines implanted in the panniculus carnosus,

and more or less replacing tho fur of tho upper surface of

tho body.

The Insedivora are divisible into two very distinot suborders, of

which tho first includes a single genus only.

Suborder I. Dcrmoptcra.

Upper nnd lower incisors compressed, multicuspidate, the lower

decjily pectinate ; anterior and posterior limbs connected by a broad

integumentary e:ipansion forming a parachute. Family I. Galea-

inthccidm.

SuDorj)ER II. Insedivora Vera,

Upper aiid lower incisors conical, uuicuspidate or with basal

cusps only, tho lower not poctiuato ; limbs free, formed for

terrestrial progression.

I. Upper true molars broad, multicuspidate, with ir.ore or less

well-defined W-shajied crowns.

A. Symphysis pubis long ; intestinal canal generally with a

ctccum ; cerebral cavity comparatively largo.

o. Orbital ring encircled by bono ; metatarsus moderate
;

arboreal. Family 11. Tujmiidss.

b. Orbital ring not encircled by bone ; metatarsus greatly

elongated ; terrestrial. Family III. Macroscelids.

B. Symphysis pubis short or none ; Intestinal canal without

ciecum ; cerebral cavity small; skull without post-

orbital processes.

a. First and second upper molars with a central fifth

cusp.

o'. Tympanies annular, not forming bulls. Farqily
'\'. Erinaceidea.

b. No central fifth cusp ; crowns of the upper molars
W-shaped.

a'. Tympanies annular, not forming bullae ; no zygo-

matic arches. Family V. Soricida;.

v. Tympanies forming bulhe ; zygomatic arches de-

veloped. Family VI. Talpitim.

II. Upper true molars narrow, with V-sha]»d crowns.

a'. Tympanies annular, not forining bulls ; zygomatic
ai'ches imperfect.

a". No clavicles. Family VII. Polamogalidas.

b". Clavicles well developed.

a'". Skull constricted between the orbits
;
penis

suspended. FamilyVIII. Solcnodontidx.

b'". Skull not constricted ; penis pendent,
retractiblo. Family IX. Ccnictids.

b.' Tympanies forming bulls; zygomatic arches well-

developed. Family X. Chrysochloridso.

Family GALEOPiTliECiDiE.

The characters of the family are those of the suborder

Dcrmoptcra, to which may be added that the orbit is nearly sur-

rounded by bone, the zygomatic arches are well developed, the

tympanies form bulla; osses, the ulna is distally united with the

radius, the tibia and fibula are distinct, the pubic symphysis is

long, the penis is pendent, the testes are received into inguinal

pouches, the mammao are axillary, the uterus is two-horned, and
there is a large cscum.

Galeopithecus (t §, c }, pm f, m t ; second upper incisoi-s and
canines with two roots), with two species— &'.ro/a)is and G.philip-

pimnsis. The former, the Flying Lemur of Linnreus, distinsuished

from the latter by the form of the upper incisors, has a total length

of nearly 2 feet. The long and slender limbs are connected by a

broad integumentary expansion extending outwards from the sides

Fio. 6*/—Feet of Oaleopit/tecus philipjiinettsis,

of the neck and body, and forming also a web between the fingers

and toes as far as the base of the claws (fig. 53); the hind limbs

are further connected by a similar expansion passing outwards along

the back of the feet to. the base of the claws, and, inwardly,

involving the long tail to the tip, forming a true iuterfemoral

membrane, as in the Bats.

The species of this family live in the forests of the Malay

Peninsula, Sumatra, Borneo, and tho Philippine Islands, where

they feed chiefly on the leaves of trees, and probably also on insects.

Their habits are nocturnal, and during the daytime they cling to

the trunks or limbs of trees head downwards in n state of repose.

With the approach of night their season of activity commences,

when they may bo occasionally seen gliding from tree to tree

supported on their cutaneous parachute, and they have been noticed

as capable of traversing in this way a space of 70 yards with a

descent of only about one in five,

Galeopithecus w.is referred by some of the older zoologists and

anatomists to the Bats, and by others (and even in lately published

works) to the Lemurs, but Professor Peters's view (in which most

subseijuent writers agree) that it belongs to neither of these orders,

and must be considered an aberrant Insi'ctivore, appears to be

undoubtedly the correct one. Besides dilforing from the Bats

altogether in the form of the anterior limbs and of the double-rooted

outer incisors and canines, it also contrasts strongly with them in

the presence of a largo s.reculated ciccum, and in the great length

of tho colon, which is so remarkably short in all the Chiroptera.

From the Lemurs, on the other hand, the form of the brain, the

character of the teeth, the atructure of tho skull, and the deciduate

discoidal placenta at once soparate it.

Family lw\lii>x.

Arboreal Insedivora, with conipai-atively large brain case, orbit*

encircled with bone, and well-developed zygomatic arches. The
malar bone is perforated ; the tympanies form bulls ; the pubic

symphysis is long ; the tibia and fibula are distinot, tho meta-

tarsus but little longer than the tarsus ; the molars are broad, with

]".-]()
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W-shaped casps ; and tlie intestinal canal has generally a short

Ciecuni.

The animals inclnilcd in this family are all arhoreal. resemhllng

Squirrels closely holli in habits and in external form ; they are

divided into two genera having the same dental formula (e ?, c\,

pm J, m J), but distinguished by the form of the skull. Tiqmin,

with nine species, is found in India, Biirmah, tlio Malay Peninsula,

Nicobars, Sumatra, Java, and Konico, The species closely resemble

one another, ililfering chiefly in size and in the colour and length

of the fur. Nearly all have long bushy tails, which still further

.?i^rr--

•rio. 54.—Pcntall (PUIocercus loirti). x }. From Gray, Prot. Zoo!. .<^', 1S43.

increase their resemblance to Squirrels. Their food consists of

insects and fruit, which they usually seek for in the trees, but also

occasionsUy on the ground. When feeding they often sit on their

haunches, holding the food, after the manner of Squirrels, between

their fore paws. Ptiloccrcus includes a single very interesting

species, Pt. lowii, inhabiting Borneo, remarkable for its long tail,

two-thirds naked, having the terminal third furnished with a double

fringe of long hairs. Its habits are probably similar to those of the

Tupaias, of which it may be further noticed that they alone among
fmeclivora are day-feeders.

Family MACROSCEltB^.

Teimtria] Tnserlivora, with comparatively large brain case, well-

developed zygomatic arches, and tympanic bulla ; but the orbits are

not encircled by bone, the malar is imperforate, and there are

generally no post-orbital processes. The pubic symphysis is long,

the tibia and fibula united high up, the metatarsus much longer

than the tarsus, the molars broad and quadricuspidate, and the

intestinal canal has a large citicum.

These leaping Insectivores sre easily distinguished hy the great

length of their metatarsal bones. All the species are African, and

are divisible into two genera ;

—

a. i i, c i, i"" J. "1 i or J ; forearm hones united helow.

ilacTOScclidcs.

b. i \ (or S), c I, pm 5, m f ; forearm bones separate.

rjiynchoojon.

Macroscclidcs includes ten species widely distributed throughout

the African continent. All are closely related, resembling one

another in general forms, and even in the colour of tlie fur. They
fall into two groups distinguished by the presence or absence of a

small lower fourth molar. Af. tctradncUjlus (fig. 55), type of the

subgenus Pclrodromiis, differs from all in the absence of the hallux.

Of PJiynchocyon four closely allied apociee have been described, all

from East Africa.

Famihj Erinaceid.e.

Terrestrial Inseetivera, with a small brain cue, wiUioat put-
orbital processes, with slender (rarely imperfect) zygomatic arches,

with a short pubic syupbyns, aud with the tibia and hbula united

•boTe. The tympanies are annular, not forming bull."B ; the

intestine has no crecum ; the penis is carried forwards, and
suspended from tlie wall of the abdomen ; and the upper true

moUts have each four principal cusps and a small central fifth cusp

vary characteristic of the family.

(IX.SECTIVORi,.

Subfamily I. Gymnurinss.—Caudal vci-tebra? nunjerous
; palate

bones completely ossified ; pelvis very narrow
; fur without spines.

Gymnura, i J, c |, pin J, m J, with two species, O. rajlcsi)
and O. siiilh, from the Jl.ilay rciiinsula and Indian Archipelago.
The former has the appearance of a large Eat with a long head
and projecting mobile snout ; the latter, much smaller, with a short
tail and small third upjier premolar, has long becji known undci
the name of Hylomys suilhi.'s. and classeil 'vitli the Tnpaiidie. Both
species present a very generalized type of deniition, ia this rerpeci;
occupying an almost central position iu the order.

Fig. 55.

—

Macroscelidei \. rlrodi'omvs) tetraifnrti/'us, xj. From Pelcrs,
lieise nach Moaaniiique,

Subfamily II. Erinaceinse.—Caudal vertcbrra rudimentary

{

palate bones with defects of ossification
;
pelvis wide : fur witli

spines.

Erinaccns, i 5, c \, }rm J, K |, inclndcs nineteen s)icctcs (fa-

miliarly known as Hedgehogs) distributed throughout Europe,
Africa, aud the greater jiart of Asia, but they have not been found
iu Madagascar, Ceylon, Burmah, Sinm, the Malay Peninsula and
Archipelago, or Australia. All the species resemble one another

FiO^ I*—Fartal parrs of Skulls of (A) E,i«ac(uf europ.rvx and (B) E. grayi,

much enlarged. Dobson, I'roc. Zoot. Ave., 1861.

closely in the armature of spines which invests the upper surface

and side of the body ; and all possess the power of rolling them-

selves up into the form of a ball protected on all sides by stlong

spines, the dorsal intc^gument being brought downwards and

iuwards over tlio head anil tail, so as to iucludo the limb., also by

the action of special muscles (for description boo Mo)wsrapk jfW
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Inscetivora refen-ed to in tlie bibliosraiiliy). The eonimon Hedgehog
(J?, curopxus) is the most aberrant sjiecios, diflcring from all the

rest ill the peculiarly shaped and single-rooted third incisors and

first upper preraolara (tig. 56, A), and in its very coarse harsli fur.

The ifeutition of the long-eared North Indian form, A', graii

(6". 56, B), may be considered characteristic of all the other species,

the only innwrtant differences being found in the variable size and

position of the second upper premolar, which is very small, external,

and deciduous in the Indian species E. micropus and piclus. The

former species, limited to South India, is further distinguished by

the absence of the malar bone. Of African species, B. diadcmatiis,

with long frontal spines, is probably the commonest, and E.

albiventris has been made the type of a separate genua on account

of the total absence of the hallux.

Family SoitlciD.E.

Terrestrial, rarely natatorial, Inscetivora, with narrow elongated

skulls, without post-orbital processes or zygomatic arches. The
tympanies are annular, not forming bullte ; tliere is no symphysis

pubis ; the intestine has no ca;cum ; the tibia and fibula are united

;

and the molars have well-developed AV-shaped cusps.

The dentition is very characteristic of the family ; in all the

upper front incisors are large, with a more or less prominent
posterior basal cusp, and be-

tween these and the last pre- . t "if.

molar intervene a variable v

number of small incisors and i jas^iff'

premolars, among which the ' •

Bniall canine can be distin-

guished only by its position

immediately behind tne pre-

maxillary suture. The number
of teeth in the mandible is

always twelve, and the single

pair of incisors are much ex-

tended horizontally forwards,

the canine is the smallest

tooth, and the single pre-

molar is not much larger (see _ , „ . ,

„'' ""
.,., , „

^ C-,
" ' FlO. 57.—fckuU and Dentition of SoiYltere-

"8' "'J- , , , pacil. AUloTi,Proc.Z(iol.St,c.,lin.
The Shrews thus form a

very compact family, which includes considerably more than half
the known specrEs of Inscetivora, and of which tlie geographical
distribution is coextensive with that of the order. They have been
divided into several genera (so-called) and subgenera, depending
chiefly on the number of the upper incisors and premolars, and
on the colour of the teeth. The best arrangement appears to be that
proposed by M. Alph. Milne-Edwards, as follows :

—

A. Terrestrial ; feet without a border composed of stiff hairs.

C ( a". Tail very short, concealed.

a'. 26 teeth.

P rrv

a. Teeth white.

iV. 28-30 teeth.

1. Anourosorcx.
Tail moderately long,

2. Diplomesodon.
3. Crocidura.

h. Teeth more or ( a'. Tail short ; cars small. 4. Blarina.
less brown \ V. Tail and ears moderately long,

or red. ( 5. Sorex.

B. Amphibious ; feet with a border of stiff hairs.

T. i. 1 ( a'. 32 teelh; hairs of tail equal. &. Kcoiorcx,

webbed \
*' ^° ^^"^"^

'
^"'^ fringeJ along middle edge.

( 7. Crossopii^.

h. Feet webbed. 8. NeetogaU.

Anourosorcx includes A. squamipes, a Mole-like species, with
very short cars and tail, from Tibet. Diplomesodon, with one
species, D. pulehellus, from the Kirghiz steppes, though agrecino'

in the number of teeth, is Shrew-like in external form. Crocidura,
28-30 teeth, with aboutseventy species divided into four subgenera,
comprises the greater number of white-toothed Old-World Shrews,
hiving a round tail thinly clothed with a few hairs of unequal
length. C. arane.a and C. siiaveolens of the continent of Europe,
and C. indiciis, the Musk-Rat of India, are well-known examples.
Sorex, the typical genus (see Shrew), also diviiled into four sub-
genera, with Blarina, includes all the species with brown teeth and
oueular uniformly hairy taih Neosorex includes the New-World
and Crossopus (see Shuew) the Old-World amphibious species, hav-
ing a fringe of stiff hairs along the sides of the feet, and Keetogale
a very remarkable species from Tibet, JV. elegans (fig. 68), distin-
guished from all other Shrews by the webbed condition of the toes,

and the presence of adhesive cushions on the under surface of the
feet, which enable the animal to hold on to smooth stones at the
bottom of rushing torrents.

Family TxtPID^E.

Fossorial, rarely natatorial, Inscetivora, distinguished from the

Soricida by the presence of zygomatic arches and tympanic bulla;

oasete, aud by the form of th« teeth. The eyes are very small, in

some species covered with skin ; the ears are short and concealed by
the fur ; the fore limbs nre gt-nornlly more or less modified for

digging ; there is nosymphysis pubis ; the intestine has uocscum
;

the tibia and fibula are united ; and the unicuspidate upper ami
lower front incisors are not extended horizontally forwards

Flo. !>8.—yector;a!e elft^ans. A. MiliicHdwards, ilammif. Tibet.

This familj', though thus easily distinguished, is, nevertheless,

evidently closely related to the Shrews, with which such inter-

mediate forms as those included in the genera Urolrichxis and.

Uropsilus connect it. In striking contrast with the Shrews,

however, the distribution of the iloles is limited to the temperate

regions of Europe, Asia, and North America.
Subfimily I. MyogalinsB.—Clavicles aud humeri moderately

elongated ; manus without os falciforme.

a. i J, c \, pm \, m ^ ; feet webbed ; natatorial. Myogale.

b. i I, c \, pm 3, m 5 ; feet narrow ; terrestrial. Uropsilus.

c. i i, c {, pm J or J, tn J ; feet wide ; fossorial. UrotrichtiS,

Myogale includes two "very remarkable species, M. moschata and
il. pyrenaica. The former is by far the largest species of thf

Flo. 69.

—

Myogale mo^duiui. xl.

family, its total length being about 16 inches. Its long proboscis-
like snout projects tar beyond the margin of the upper lip j the
toes are webbed as far ns the bases of the claws ; and the long scaly
tail is laterally flat_tened, forming a powerful instrument of pro-
pulsion when swimming. This species inhabits the banks of
streams and lakes in south-east Russia, where its food consists of
various aquatic insects. M. pyrenaica, living in a similar manner
in tho region of the Pyrenees, is very much smaller, has a round
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tan, and a proportionally longer snout CntHektcs, Tritli;>i»i J, ami

Ke'drotrichiis (subg.), \vitli;;»i J, arc rcpresentcil liy two small Mole-

like species, cxteninlly resembling one anotlior rlosely, from Japan

and North America rcspnctivcly. Of Uropsihis, U. soricipcs, from tlie

borders of Tibet, is a very intorefiting species, havuig tbe eiterual

form of a Shrew but the skull of » Mole.

Subfamily II. Talpinae (True Holes). —Clavicles and humeri

very sliort and broad ; manus with a large os falciforme.

A.-Front upper incisors much larger than the second pair (New-
\Vorld Moles).

a. i i, c i, pm J, it } ; extremity of nose simple. Scalops.

b. i 3,c }, pill I, ro 5 ; extremity of nose simple. Scnpnniia.

C' • 3i c i, pm J, "» 3 ; extremity of nose with anocndages.

Coitdyliira.

B- Front upper incisors scarcely larger than the second pair

(Old-World Moles).

d. i i, c itpin }, n> 3 ; manus as in Urotrichns. Scaj'tontji,

c. i f or I, c I, pill J, 'B i ; manus very oroad. Talpa.

Scaptonyx, vrith a single species S. fusicaudatus, from west

China, connects I'rotrichiis with the true Moles. Ta/(j(i includes

seven species, of which the Common Mole is a familiar example.

See Mole.

Famili/ Potamogalid^:.'

Insectivora with a small brain case, without post-orbital processes

or zygomatic arches, aud with annular tympanies not forming buUte.

There are no clavicles ; the pubic bones are connected by a liga.

ment, and there is no true sympliysis ; the intestine has no caecum
;

the tibia and fibula are united low down ; and the upper true

molars haTe broadly V-shaped cusps presenting characters inter-

mediate between those of the preceding and succeeding familit

Fig. GO.—Potamogale vetox, Allman, Trans. Zool. Soe.^ vi., pi. L

Polamogale, i f, c }, pm 5, m 5, with P. vclox. This most in-

teresting species inhabits the banks of streams in west equatorial

Africa, and its whole structure indicates an aquatic life. It is

nearly 2 feet in length, the tail measuring about half. The long

eylindrical body is continued uninterruptedly into the thick laterally

compressed tail, the legs are very short, and the toes are not

webbed, progression through the water evidently depending wholly

on the action of the powerful tail, while the limbs are folded

Inward* and backwards. The muzzle is broad and flat, and the

nostrils are protected by valves. The fur is dark brown above, tbe

extremities of the hairs on the back being of a metallic violet hue

hy reflected light, beneath whitish.

Geogalc, i i, c\, pm J, m J, with G. aurila, a small Mouse-like

specie3 from Madagasctr, agrees closely with Polamogale in the

general form of the skull and teeth ; the tibia and fibula are

distinct, but it is uot known whether a clavicle exists or not, and
the material at present available is insutScient to definitely fix the

natural position of the species.

Famili/ Solesodontice.

Insectivora with a small brain case constricted between the

orbits, and without post-orbital processes or zygomatic arches.

The penis is carried forwards and suspended from the abdomen
;

the testes are received into perineal pouches ; the mammary glands
are post-inguinal ; the uterine cornua end in caecal sacs ; the
intestine has no cxcum ; the tympanies are annular ; the upper true

molars have V-shaped crowns ; the symphysis pubis is short ; and
the tibia and fibula are distinct

Solcnodon, i |, c |, pm J, m §, with S. paradoxus and S.

enbanus, from Hayti and Cuba respectively, alone represents the

family. These species, which differ chielly in the colour and
^uaKtjT of the fur, have each a remarkably long cylindrical snout,

a long naked tail, feet forinej for running, and the bodv clothed
with long, coarse fur.

The position of tlie inamnire quite heniiid on the outiocKS j
unique among Inrcrthura. Tlic upper front incisors are much
eo1s'C<^i< »ml •ith tlie other incisoi's. canines, and premolars closely

resemble Utoae of Mya/alc ; the second iower incisors are, as ii

'^>,

"^S.""^!

Fio. Cl.—Solenodon cubanus. v. J. Peters, Alh. Atad. BtrL

Potamafoie, much larger than the anterior pair, and are deeply
hollowed out internally. While thus apparently showing relation-

ship with the Talpidx, the fonu of the crowns of the molar teeth

connects them with the next family.

Family Centetidx.

Insectivora with a small cylindrical brain case "not constricted

between the orbits, and without post-orbital processes or zygomatic

arches The penis is pendent and retrartible within the fold of the

integument surrounding the anus ; the testes are abdominal ; the

mammary glands are thoracic and ventral ; the uterine cnmua are

terminated by the Fallopian tubes : the intestine has no ciecum

;

the tympanies are annular ; the molars have V-shaped crowns ; the

pubic symphysis is short, and the tibia and fibula separate or united-

All the known species arc limited to Madagascar.

Subfamily I. Centetinse. —Tibia and fibula distinct ; testes

near kidneys ; fur with spines.

Fio. 62.—Skull of Centeles ecaudatus (reduced).

CenUtes, t J or |, c h pm h "» § or i- The single species, C.

(•(•ai(da(its,the well-known taiUessGround-Hog of Madagascar, attains

a total length of from 12 to 16 inches, and is the largest known

Insectivore. Tlie adult males have exceedingly long canines, the

extremities of the lower pair being received into pits in front of the

upper canines. 1 1 is probably the most prolific of all mammals ;
as

many as twenty-one young are said to have been brought forth at

a birth. The young have strong white spines arranged in longi.

tudinal lines along the back, but these are lost in the adult ani

mal, which is pro\ided only with a nuchal crest of long rigid haii-s.

Hemicenldes, i i, with H. semispinosiis and U. nigriceps, is dis

tinguished by the persistence of the third upper incisor, and bj

the form of the skull. The two species are very much smaller than

C. ecaudatus, and the dorsal spines are retained in the adult state.

Ericuhis, i |, has E. setosus, a remarkable Hedgehog-like species

having the whole upper surface and even the short tail densely

covere'd with close-set spines. The facial bones are much shorter

than in any of the preceding genera, and the upper frr/it iucisors

are elongated as in Frinaccus. Judging from the sUf;ht develop-

ment of the cutaneous muscles compared with those of tbe I -"<i
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Hcdgcliogs, it is probable that complcfe involution, as in the latter

animals, does not take place.

10. G3.—Skull of Bemicenteles semhpirtosus. x 2. MlTorf,

Proc. Zoo!. Soc, 1S71.

Subfamily II. Oryzorictinse.—Tibia and fibula uniteJ ; testes

D'>ar urctlira ; fur witliout spines.

^ Microgalc, i |, c |, pm f, m f , includes }[. longicaudata and M.
eowani, small Mouse-like species, the former with a tail double the

longth of the head and body ; teeth like those of 0. ecaiidatus, but,

owing to the comparatively much shorter muzzle, not separated by
iride spaces, and the last premolar and molars with internal basal

processes. Oryzoricics contains 0. Iiova and 0. telrndnclijliis, the

latter distinguished by the presence of four digits only in the manus,

the three inner having long laterally compressed fossonal claws.

The general form of the head and body of the two species known is

that of a Mole. They burrow in the rice-fields, and xlo much
damage to the crops.

Famihj CuuTsocnLor.iDi.

Fossorial /TWCciiDora, with conical skulls not constricted between

the orbits, with well-developed zj'gomatio arches and tympanic
bullte, but witho\it post-orbital processes. The eyej are covered by
the hairy integument, the ears short and concealed by the fur ; the

internal generative organs and the crowns of thefupper molar teeth

are as in Centclinm ; the mammary teats are thoracic and inguinal,

and placed in cup-shaped depressions ; there is no pubic symphysis

;

and the tibia and fibula are united.

This family is evidently closely allied to Cenltiitlw, occupying
the same relative position with respect to that family that Talpidm
does to Soricidw. All the species are fossorial, and restricted to

oouth Africa. In all the forearm and manus are similarly modified

for digging, but in a manner very ditfercnt from that observable in

Talpidse (see Mole).

Fio. 61.— ('/iri/soiltl^ris o^/l(^l/u.^f^^J ^iviiucyd).

Chrysochloris, i }, c f, pm j, m J or i, embraces seven or eight
fpecies. Those with m J, with a basal talon to the lower grinders,

»nd without a prominence in the temporal fossa, have been placed
in a separate genus Calcochloris by Trofessor Mivart. Nearly all

the species have the fur of the upper surface of a brilliant metallic

/ustro, varying from golden bronze to green and violet of different

ii^ades.

Fossil Insectivora.

Of fossil Iiiscdivora no undoubted traces have been found in
deposits earlier than the Eocene. Amphido:olheriuin, allied to
Urolrichus, and Ncogymnurus and Prola/pa, with relationships to
Oymnura and Talpa respectively, have been described from the
lacustrine Eocene beds of Quercy. Several genera with insectivorous
•flinitlos have been chnr.icterized by Cope and Marsh from remains
found in the Eocene of M'yoming, but these have been relegated to

distinct suborders of a new order Bunodonla, of which Tnsccliiorn is

considered a suboriler only. The 'MiocPne deposits of the south of
Franco and Geruiany bavo yicldcrl fossil fornis of KrinaccidiB
(Amp/uc/iiiius, GaUrir, Trtracns), of Soriciilx {Sorex, Mysarachne,
Plcsiosorcx), and of Talpidic (Dhnylas, Galeos/ialax, Grolrypii^v,

Hyporissus, Myogale). Of tlio latter family Gatcospalax has been
characterized from the Pliocene of Norfolk ; and remains of the
common Hedgehog, and of some of the existing species of Sorctc,

have been found in various post-Tertiary deposits.

BibUoqi (iphii of Inifctit'ora.—Peters, Tteise jjarjt Mos%amhiqite—Saiigfih^
1852; Id., "Ucberdie Clas^iflcatinn del- Inscctlvorn," J/onofi6. Akad. Wittnuch.
Berlin, ISC-?, nnd other pnpcrs ; Mlv.Tit. "On tlic Ostcoloey of tlio InsecHvora,"
Joiii: Annl. ani Phys., I8li7. 18(18, nnd Pror. Z'lOl. .Soc, 1S71 ; Gill, "Sjnonsia of
Insectivorous Mamnnnla." Buff, Oeof, and Geog. Siirceii, U.S. A., Wflshlneton,
187.5 (Includes a general blUIIopraiiliy of the ortler Jnfectivora) ; Dobson, iforio*

graph o/ Ifie Inseclivora, Sy6t€iiiafic and Anatomicaf, Loudon, 1882.

Order CHIROPTERA.

Volant mamniiils, having their fore limbs specially-

modified for flight. The forearm consists of a nidimentaiy
ulna, a long curved radius, and a carpus of six bones

supporting a thumb and four greatly elongated fingers,

between which, the sides of the body, and the hinder

extremities a thin expansion of the integument (the wing-

membrane) is spread out. The knee is directed backwards,

owing to the rotation of the hind limb outwards by the

wing-membrane; a peculiar elongated cartilaginous process

(the calcaneum or calcar), rarely rudimentary or absent,

arising from the inner side of the ankle-joint, is directed

inwards, and supports part of the posterior margin of an

accessory membrane of flight, extending from the tail or

posterior extremity of the body to the hinder limbs (tlie

inter-femoral membrane). The penis is pendent ; the

testes abdominal or inguinal ; the mammary glands

thoracic and generally post-axillary; the uterus simple or

with more or less long cornua ; the placenta discoidal and

deciduate ; and the smooth cerebral hemispheres do not

extend backwards over the cerebellum. The dental series

consists of four kinds of teeth—incisors, canines, premolars,

and molars ; and the dental formula never exceeda

' §> <^ T> P''^ h Vi ^ ;
total 38 teeth.

The animals comprised in this order are at onco

distinguished by the presence of true wings, and this

peculiarity is accompanied by other modifications of bodily

structure having special relation to aerial locomotion.

Thus, in direct contrast to all other mammals, in which

locomotion is chiefly effected by action from behind, and

the hind limbs consequently greatly preponderate in size

over the fore, in the Chiroplera the fore limbs, being the

only agents in propelling the body forward during flight,

immensely exceed the short and weak hinder extremities

;

the thorax, giving origin to the great muscles which

sustain flight, and containing the proportionately (com-

pared with other mammals) very large lungs and heart, is

remarkably capacious, and the ribs are flattened and close

together; the shoulder-girdle is also greatly developed ia

comparison with the weak pelvic bones.

Linnceus included the Bats among the Primates, maiiiljr

on account of the number of their upper incisors, supposed

to be always four, the thoracic position of the niammse,

and the pendent condition of the penis. Many other

zoologists, taking into consideration also the placental

characters and the form of the uterus, have followed him;

but it is evident that the situation of the mamma; is related

to the necessarily central position of the young during flight,

the shortness of the uterine cornua, observable in so many
species, to the generally uniparous gestation requiring less

room, while the discoid deciduate placenta is equally

present in and characteristic of the Jnsectivoi-a, many
species of which have also the penis pendent. Then, all

these reasons for maintaining tlio Bats in such an exalted

position being disposed of, wo find in the low organization

of their brain another proof of their inferior position in

th; zoological scale, wliilo furthermore, although they differ
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wiilely from all other mammals in external form, it is

evident that this is but the result of special adaptation to

aerial losomotion ; and, taking into account their whole

hodily structure, rve are forced to admit with Professor

Huxley that they may be regarded as exceedingly

modified /nseclivora.

So flioroughly, however, has this adaptation been carried

out that of all animals the Bats are the least terrestrial,

not one of them being equally well fitted, as most Birds

and Insects are, for progression on the earth. This is due

to the hind as well as the fore limbs being pressed into

the service of aerial locomotion. The hind limb is so

rotated outwards by the wing-membrane that, contrary to

what obtains in all other vertebrates, the knee is directed

liackwards, and corresponds in position to its serial

Lomologue the elbow. AVhen placed on the ground,

LciiinorTERA.

From the first thoracic to the last lunibir vertebra tha

spinal column forms a single curve backwards, which U
most pronounced in the lumbar region. The bodies of the

vertebrae are very slightly movable upon each other, and

in old individuals appear to become partially ankylosed

together. The caudal vertebrre arc simple cjliudrical bones

without processes ; their number and length is extremely

variable even in clossJy allied species ; and the anterior

vertebrce are generally united to the isehixil tuberosities.

The development of these vertebra, in fact, is intimately

correlated to the habits of the animals, the long tail in the

insectivorous species supporling and controlling the position

of the large interfemoral membrane which appears not only

to aid their rapid doubling motions when in pursuit of

their insect prey by acting as a rudder on the air, but also

to assist them in the capture and retention of the larger

insects ; in the frugivorous species, on the

other hand, this is not required, and the

tail is accordingly rudimentary or absent.

In all Bats the presternum has a promi-

nent keel for the attachment of the great

pectoral muscles. In most species the ribs

are much flattened, and in some partially

ankylosed by their contiguous margins.

Great as is the variability of the shape

of the skull in Insectivora, it is still greater

in Chiroptera, and evidently depends upon
the muoli wider differences in the nature

of the food of diff"erent species requiring

corresponding modifications of the man-
ducatory apparatus, so that extreme modi-

fications may be found in spec'.es of the

same family, as in the case of the Phyl-

lostomidse. In some genera, however, as

in Miniopterus, Furia, Mormops (vide

infra), the peculiar shape of the skull

cannot thus be accounted for. As in the

Insectivora, post-orbital processes are de-

veloped in some species only, as in the
V10.C3.—SkelelonandVolarJferabi«ne»ofth«KoMuJ«n»t(r«i)s/Mi>iiojii««) clavicle; *.hnmerns; Pff,-nnnili,l-r. anA in n fpw T^tiHfricla> nr\A

r, radius ; b, ulna (rudimentary) ; rf>, first d.git or t>cll«t ; if. d*, df, d».other oirits of li.u manus sup^
^^^' Opoaiax ana in a lew 1\ ycKTiax ana

porting um. the wing-membrane ; m.m, metatarpal bones ;
;>A'. first phalanx; f*-. second phalanx ; p/i», EmballoilUridx ; in PleropUS leUCOpterilS

third phalanx; am. antebrachial membrane ;/. femur; f, tibia; /6. fibula (rudim«ntary); c, calcaneum i„„„ A^c^^ n r^.-/^^ot-c f. -^r^ flia T^rr^mn^'iex
or calcar supporting im, the interfemoral membrane • ocf. nost-calcaneal lobe. alone QOes a process uom me zygomatic

arch meet the post-orbital so as to com-

plete the orbital ring. Zygomatic arches, though slender,

are present, in all except m some of the species of Phyl-

lostomidx.

The milk teeth differ from those of all other mammals
in that they in no respect resemble in form those of the

permanent series. They are very slender, with acutely

pointed recurved cusps, and are soon shed, but often

coexist for a short time with the permanent teeth when
the latter are considerably elevated above the gum. In

the family Rhinolophidx the milk teeth are absorbed

before birth. The permanent teeth exhibit great variety

in form, sometimes even in the same family, as in

Phyllostoviidse, whilst in other families, as in Bhinolophidse,

the resemblance between the dentition of species otherwise

differing in many important respects is most remarkable.

In all, however, they are provided with well-developed

roots, and their crowns are acutely tuberculate, with

more or less well-defined W-shaped cusps, in the insecti-

vorous species, as in Insectivora, or variously hollowed out

or longitudinally grooved in the frugivorous, as in some

species of Phyllostomidx and in the Pteropodids.

As might be expected, the shoulder-girdle varies very

slightly, having the eame ofiice to fulfil in all species. The
clavicle is very long, strong, and curved ; the scapulae large,

oval, triangular, with along curved coracoid process. TL
humerus, though long, is scarcely two-thirds the lengtli

the radius ; the ulna is rudimentary; its proximal extremii;

.

thereiore, the animal rests on all fours, having tlie knees

directed upwards like a grasshopper's, while, if order to

bring the foot into a position for forward progression, it is

rotated forwards and inwards on the ankle. Walking
under these circumstances is at best only a species of

shuffle, and that this is fully recognized by the auimal is

evidenced by its great anxiety to take to the wing, or, if

this be impracticable, to ascend to some point where it can

hitch itself up by the claws of the hind-legs in its usual

position when at rest.

The bones entering into the formation of the skeleton in

Chiroptera are characterized by their slenderness, and by
the great size of the medullary canals in those of the

extremities. The vertebral column is short, and the

fertebrae differ very slightly in number and form through-

out the species. The general number of the dorso-lumbar

vertebrs is 1 7, whereof 1 2 are dorsal ; the cervical vertebra

are very broad, but short from before backwards (their

breadth is due to the great transverse diameter of the

spinal canal rendered necessary by the comparatively very

large size of the spinal cord in this position, which, after

giving off the nervous supply to the fore limbs and thorax,

rapidly diminishes in size, and in the lumbo-sacral region

is reduced to a fine thread). Except ii) the great

frugivorous Bats {Ptempodid^e), the vertebra, from the

third cervical backwards, are devoid of spinous processes,

A characteristic feature in the general osteology of the order.
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which articulates with but a small part of the numerus,

is ankylosed witli the radius ; immediately beyond

tha joint it is reduced to a very slender splint-like

bone, which extends about as far as the middle of the

radius. In all species a detached sesamoid bone exists in

the tendon of the triceps muscle, and is generally found in

sksletons. The radius is very long, in some species as

long as the head and body. The proximal row of the

cirpus consists of a single bone (the united scaphoid, lunar,

and cuneiform bones), which, with the extremity of the

radius, forms the radio-carpal joint; in the distal row the

trapezium, trapezoid, and 03 magnum vary much in size

in the different families ; the unciform appears to be the

most constant, and the pisiform is generally very small.

It will be necessary to again refer to this subject when

dealing with the diagnostic characters of the suborders.

The manus is, in all the species, composed of five digits.

The first, fourth, and fifth consist each of a metacarpal

bono and two osseous phalanges ; in the second and third

the number of phalanges is different in certain families.

The first digit—the pollex—always terminates in a claw,

which, with the proximal phalanx, is most developed in

the frugivorous species. In most of the species of the

frugivorous Pteropodidx the second digit is also provided

with a claw, but in all other Bats this and the remaining

digits are unarmed. In the genus Trisenops alone a very

,oeculiar short bony process projects from the outer side of

the proximal extremity of the terminal phalanx of the

fourth digit. The relative development of the digits and

their phalanges will be speciivUy treated of under each

family.

As might be expected from the small size of the posterior

limbs, the pelvic girdle is very weak. The iliac bones are

long and narrow. In most species the pubic bones of

opposite sides are very loosely united in front in males

;

in females they are widely separated ; in the family

Rkinolophidx alone do these bones form a symphysis. The
eminentia ileo-pectinea develops in all species a long

pectineal process, which in the subfamily Phyllorhinime

alone is continued forwards to the anterior extremity of

the ilium {vide infra, p. 412), forming a preacetabular

foramen which is unique among mammals. The acetabulum

is small and directed outwards, aild slightly upwards, and
with this is related the peculiar position of the hind limb

described above as one of the chief characteristics of the

order. The femur is slender and cylindrical, with a small

head and very short neck, and scarcely differs in form
throughout the species. The bones of the leg and foot are

more variable ; in the subfamily Molossinm alone is there

a well-developed fibula; in all other species this bone is

either very slender or cartilaginous and ligamentous in its

upper third, or reduced to a small bony process above

the heel, as in Megaderma, or altogether absent, as in

Nyderis.

The foot consists of a very short tarsus, and of slender,

laterally compressed toes, with much curved claws. The
first digit is composed of a metacarpal bone, a proximal

and an ungual phalanx, and is slightly shorter than the

other four toes, which have each an additional phalanx,

except in the subfamily J'/ii/llorhininai and in the

anomalous genera Thyropiera and Afyxopoda, where all

i.ho toes liavo the sanio number of phalanges as the first

digit, and are equal to it in length. In the very remark-
iiblo genus Cheiromela the first digit is thumb-like and
iieparated from the others ; and in tho Molossi the first and
fifth digits are much thicker than the intermediate toes.

The muscular system, as might be expected, exhibits few
striking differences throughout the species. Tho most
noticeable peculiarities in tho myology of tho order consist

in the separated bands or slips into which the platysma is

divided, and in the remarkablo muscle termed 03ciplto-

pollicalis, which extends from the occipital bone to tlie base

of the terminal phalan:: of the pollex (see Macalisfor.

" jMyology of the Cldruptera," Phil. Tram. Roy. i'>c.,

1B72).

Although, as above mentioned, tho brain presents a low

type of organization, yet probably no animals possess so

delicate sense of touch as the Chiroptcra. It is undoubt-

edly this perceptive power which enabled the individuals

deprived of sight, hearing, and smell, in Spallanzani's well-j

known experiments, to avoid the numerous threads hung

across the rooms in which they were permitted to fly about,'

In the comnipn Bats the tactile organs evidently exist, not

only in the delicate vibrissa? which spring from the sides

of the muzzle, but also in the highly sensitive and widely,

extended integumentary structures entering into the forma-'

tiju of tho wing-membranes and car-conchs, while in many
other species, notably in the tropical Rhinolophine and

Phyllostomine Bats, peculiar foliaceous cutaneous expan-^

sions surrounding the nasal apertures or extending back-j

wards behind them are superadded {vide infra). These

structures, collectively known as the "nose-leaf" (whence

the term "leaf-nosed Bats"), have been shown by tho

present writer (who has traced their gradual development in

different species) to be made up partly of the extended

and thickened marginal integument of the nostrils, and

partly of ' the highly differentiated glandular" eminences

occupying the sides of the muzzle, in which, in all the

common Bats, the vibrissa: are implanted.

In all species of leaf-nosed Bats, and especially in the

Rhinolopliidx, in which the nasal appendages reach their

highest development, the superior maxillary division of the

fifth nerve is of remarkably large calibre. The nasal

branch of this nerve, which is given off immediately

beyond the infra-orbital foramen, is by far the largest por-

tion, the palpebral and labial branches consisting of a few

slender nerve fibres only. This branch passes forwards and

upwards on the sides of the superior maxillary bone, but

soon spreads out into numerous filaments which pass into

the muscles and integument above, and into the base of

the nose-leaf. The nerve supply of the nose-leaf is further

considerably augmented by the large nasal branch of the

ophthalmic division of the fifth nerve.

Wljile the many foliations, elevations, and depressions

which vary the form of the nose-leaf also greatly increase

the sensory surface so abundantly supplied by the fifth

nerve, and in rapid flight intensify the vibrations conveyed

to it, the great number of sweat and oil glands which enter

into its structure perform an important function, analogous

to that of the glands of the auditory canal in relation to

the membrana tympani, in maintaining its surface in a

highly sensitive condition.

The nasal appendages of Chiroptera, then, may be

regarded as performing the office of an organ of a very

exalted sense of touch standing in the same relation to the

nasal branches of the sensory divisions of the fifth nerve

as the aural apparatus to the auditory nerve ; for, as the

latter organ collects and transmits tho waves of sound, so

the former receives impressions arising from vibrations

communicated to the air by approaching objects.

In no order of mammals is the ear-conch so greatly

developed or so variable in form ; in most of the insecti-

vorous species the ears are longer than the head, while in

some, as in the common Long-eared Bat (Plecotus auritus),

their length nearly equals that of the head and body. The

form of the conch is very characteristic in each of the

families ; in most tho tragus is remarkably large, in some

extending nearly to the outer margin of the conch ; its

office appears to be to causo undulations in tho waves of

sound, and so intensify and prolong them. It is worthy of
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uotice tuat in the only family of insectivorous Bats vanting

the tragus, tlio lihinnlophiila; clic auditory bullrc ossca;

reach tiieir greatest size, and the liigUly icnsitive nasal

appendages their highest development ; also in the group

Molossi the ear-conch is di-

vided by a [iromincnt keel

;

and the antitragusis remark-

ably largo in those species in

which the tragus is minute

(see fig. GO, a). In the frugi-

voroas Bats, os might be

expected, the form of tho

eir-conch is very simple, and

out slightly variable through-

out the species.

In all Bats tlio ears are

e.\tremely mobile, each mov-

ing indeDendentlv at the F'o- C6.—n.na of }foio>sm o'"'"''""-
.= . . ^f . •'

,

rpi • liobsoii. riiic. Zool. S'K., lS7(i. a.

will ot the animal. lillS nntimmus: t, Ucd of Ihc car-conch

;

has been observed by the <•. "oicii i«hiad amuiugus.

writer even in the frugivorous PleropocUdic, in which the

peculiar vibratory movements noticed by Mr Osburn in

Ariibens perspicillaliis may also, bo seen when the animals

are alarmed.

The opening of the mouth is anterior in most species,

but in many it is inferior, the extremity of the nose being

more or less produced beyond the lower lip, so much so

indeed in the small South-American species Rynchonyct(ris

naso as to resemble that of the Shrews. The lips exhibit

the greatest variety in form, which will be specially referred

to under each famil}-. Tho absence of a fringe of hairs is

very characteristic of all fruit-eating Bats, and probably

always distinguishes them from the insectivorous species,

which they may resemble in the form of their teeth and in

other respects.

The oesophagus is narrow in all species, and especially

so in the sanguivorous Desmodonles. The stomach presents

two principal types of structure, which correspond respec-

tively to the two great divisions of the order, the

Megachiroptera and the Micvochiroptera ; in the former

(with the exception of JIarpi/ia) the pyloric extremity is

more or less elongated and folded upon itself, in tho latter

it is simple, as in Inseclimra vera ; a third exceptional typo

is met with in the sanguivorous Desmodonies, where tho

left or cardiac extremity is greatly elongated, forming a

long narrow csccum-like appendage. The intestine is com-
paratively short, varying from one and a half to four times

the length of the head and body, being longest in the

frugivorous, shortest in tho insectivorous species. In

Rhmopoma microphi/lliim and Jfei/aderma spasma only

has a very small cnecum been found.

The liver is characterized by the great size of tie left

lateral lobe, which occasionally equals half the size of tho

whole organ ; the right and left lateral fissures are usually

very deep; in Mcrjachiroptera (I/arpyia excepted) the

Spigelian lobe is ill-defined or absent, and the caudate is

generally very large, but in Jfici-ochii-oplera, on the other

hand, tho Spigelian lobe is very large, while the caudate is

small, in most species forming a ridge only. The gall-

bladder is generally well developed and attached to the

right central lobe, except in Jiliinfjlophida:, where it is

connected with the left central.

In most species the hyoid Ijoncs are simple, consisting

of a chain of slender, elongated, cylindrical bones connect-

ing the small basi-hyoid with the cranium, while the

pharynx is short, the larynx shallow with feebly dcTcloped
vocal cords, and guarded by a short acutely-piinted

epiglottis, which in some genera (Ilarpyin, Vampyrxis,

e.y.) is dlmoat obsolete. In the Epomoiiiiori, however, we
find a reniarkible departure from the general type; the

pharynx is long and very capacious, tho aperture of tlio

larynx far Tcmovcd from the fauces, and, opiiositc to if, a
canal, leading from tho narial chambers, and c.xtcndini;

along the back of the pharynx, opens ; tlio laryngeal cavity

is spacious and its walls are ossified ; tho hyoid bono is

Fro. C7.— ITcnrt and Neck of f:jioiitoi>rinrii^ /init^rti (mlitU ttibIp, nnfnrM stzO.
Dobsnn, J'ror. Zoo!. Soc, l^s|. Tlic aiimioi (d. ;•/».«) and postciiur (/>./'/(.))

pliniynceal sacs arc oiji-ncil flmn without, the doltcj lines iiulicatinc: the points

where they commnnicatc with tho ]th.ii\n\; s, thin mcnibiinious sci>tuni i«

middle line between the nntci ior idtnryntrca) aurt ol npiifMlte Bftlcs; SJti, slci-no-

inastoid muscle sepaj-atiiig the anteiior fioin the rostcnor sac. -'
"

quite unconnected, except by muscle, with the cranium ;

the cerato-hyals and epi-hyals are cartilaginous and greatly

expanded, entering into the formation of the walls of the

pharynx, and, in tho males of three species at least, sup-

porting the orifices of a largo pair of air-sacs communicat-

ing with the pharynx (see fig. G7).

In extent, peculiar modifications, and sensitiveness, iho

ctrtaneous system, reaches its highest development in this

order. As a sensory organ its chief modifications in con-

nexion with the external ear, and with the nasal and labial

appendages. Lave been described when referring to the

nervous system. It remains therefore to consider its

relative development as part cf tho organs of flight.

The extent and shape of the volar membranes depend
mainly on the form of the bones of the anterior extremities,

and on the presence or absence of the tail. Certain

modifications of these membranes, however, are met with,

which evidently do not depend on the skeleton, but are

related to the habits of tho animals,' and to tho manner in

w'hich the wing is folded in repose.

The volar membranes consist of— (1) the "antebrachial

membrane," which extends from tho point of the shoulder

along the humerus and more or less of the forearm to the

base of the thumb, the metacarpal bone of which is partially

or wholly included in it; (!') the "wing-membrane," which

is spread out between the greatly elongated fingers, and

extends along the sides of the body to the posterior

extremities, generally reaching to the feet ; and (3) the

" interfcmoral membrane," the most variable of all, which

is supported between the extremity of the body, the legs,

and the ealcanea (see fig. 65).

The antebrachial and wing membranes are most

developed in those species which are fitted only for aerial

locomotion, and which when at rest hang with the body

enveloped in the wings ; but in the hmWy £mballonuj-ula;

eepecially in the subfamily Molossinx (the species of which

are, of all Bats, the best fitted for terrestrial progression),

the antebrachial membrane is reduced to the smallest sire,

and is not developed along tlie forearm, leaving also tho
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thumb quite free, and the wing-membrane is very narrow
and folded in repose completely under the fore^m. The
relative development of the interfemoral membrane has

been referred to above in describing the caudal vertebrae.

Its small size in the frugivorous and sanguivorous species,

which do not require it, to which, indeed, its presence

would be actually in- .
/

jurious as impeding \ .<

their motions when
searching for food as

they hang suspended -j

by their feet, is easily

understood. Odorifer- i.^

sus glands and pouches
„ „„ Ai,„ ^„„f^„„ Fig, C8.—Fiontal S.1C nnd Nose-Loaf in >ra]e and

opening on the SUltaCe f.^^^,^ „, nyllorhina tarvala. Doteon,

of the outer skin are z"™- ^""i- S"'; 18'3.

developed in many species, but in most cases more so

in males than in females, and so constitute very remark-

able secondary sexual characters. They will ba referred

to when treating of the peculiarities of certain species.

(See also the writer's paper "On Secondary Sexual

Characters in Chiroptera," Proc. Zool. Soc. Zand., 1373,

pp. 241-252.)

Space does not admit of entering hero upon a special

description of the respiratory, circulatory, digestive, urinary,

and generative organs, which will be found fully treated

of in the works noted in the bibliography of the order

below, and therefore with tho above short account of the

general structure of tho species we proceed to consider

^heir classification and geographical distribution.

The Chiyoptcra fall naturally into two subdivisions, wliicb may
be called suborders,

Si-BORDEu I. MEQACniROPTERA.
frugivorous Bats, generally oflarge size, liaving the crowns of tlio

molar teeth smooth,- marked with a longitudinal groove ; with the

bony palate continued behind the last molar narrowing slowly

backwards ; with three phalanges in the index finger, tlie tliird

phalanx terminated generally by a claw ; with the sides of the car-

conch furming a complete ring at the base ; with tlie tail, when
present, inferior to (not contained in) the interfemoral membrane

;

with the pyloric extremity of tlie stomach generally much elongated

;

nnd Willi the Spigelian lobe of the liver ill-defined or absent, while

the caudate is well developed.

Frugivorous j limited to the Ironical and subtropicaJ pai-ts of the

Easterii Heinisphere.

Family Pteiiopodid.e.

The characters of the single family are those of the suborder.

Epomophoru.1, i | (or \), c \, pm §, «i J j tail very short or

none, when present quite free from the interfemoral membrane
;

Eccond finger with a claw
;
premaxillary bones united in front. The

six species include some of the most remarkable forms of fruit-

eating Bats. They are strictly limited to the African continent

south of tho S.ahara, and ore readily distinguished by their remark-

ably large and long head and very expansible, often peculiarly

folded, lips, and by the invariable white tuft of hair which adorns

tho margins of tho cars ; most of the species also are provided with
peculiar glandular pouches, situated in tlie integument of the side

cf tho neck near tlie point of the shoulder. These pouches are

rudimentary or quita absent in females, tlms presenting an interest-

ing secondary sexual character. In the males they are lined with

n glandular membrane, from which long coarse yellowish hairs arise,

nrid, projecting from the mouth of the pouches, form conspicuous

cpaulet-iiko tufts on the shoulders, hence tho generic name.
Another and oven still more remarkable secondary sexual character

lias been recently discovered by the writer in the males of E.
franqucti, comptus, pxtsillus, and monslrosiis. This consists in the

presence of a pair of large air-sacs extending outwards on each siilo

from the pharynx beneath the integument of tlie neck, in tho

position shown in fig. 67. These sacs are evidently capable of being

greatly distended at tho will of tho animal, and tlicir indation

p'robably occurs under the same circumstances that the wattles of

male gallinaceous birds swell up, namely, when cngaj;ed in courting

tho females. Otlier remarkable conditions in which these Bats

appear to dilTcr from all other species, as in the peculiar structure

ol tho hyoid bones and larynx, may bo found described in detail

in tho writer's iiaper in the Proceedings of the Znolvgieal Socictij for

Juno 18S1. These Bats appear to hvc iirincipally on figs, the juicy

FlQ. 69.—Head of J'lcrupus persortalus. Gray,
Proc, Zoo:. Soc, 1806.

contents of which their voluminous lips and capacious mouths
enable them to swallow without loss.

Ptcropus, i i, c ;, pm f, m |, with forty-one species, includes
more than half the Ftcropodidm. All are of large size, and tho
absence of a tail, tho
long pointed muzzle,
and the woolly fur cover-

ing the neck render
their recognition easy.

They are the "Klying
Foxes " of Europeans in .

India, and one of the
"

species. Ft. cdulis, in-

habiting Java, measures
S feet across the fully

extended wings, and is

the largest known
species of the order.

'I'he species resemble
one another closely in

dentition, and are main-
ly distinguished by tho
form of the ears and quality of the fur. Pt. scapulcUus^ from
north-east Australia, approaches the species of tho second section
of the family, the Macroglossi. in the remarkable narrowness o<
its molars and premolars.
The geographical range of the genus is very peculiar, extending

from Madagascar and its isl.ands through the Sevchelles to India,
Ceylon, Burmah, the Malay Archipelago, southern Japan, New
Guinea, Australia, and Polynesia (except the Sandwich Islands,
Ellice's Group, Gilbert's Group, Tokelau, and the Low Archipelago).
Of the islands inhabited some are very small and remote from any
continent, su"h as Savage Island in tho South Pacific, and
Kodrigucz in the Indian Ocean. Although two species inhabit the
Comoro Islands, which are scarcely 200 miles from tho African coast,
not a single species is found in Africa

;
yet in India, separated by

thousands of miles of almost unbroken ocean, a species exceedingly
closely allied to the common Madagascar" Flying Fox" isabundant.
The Malay ArchipeNgo and Austraha are their headqiiarters, and
in some places they occur in countless multitudes. Mr Macgillivray
remarks of Pt. conspicillatns :

—"On the wooded slope of a hill on
Fitzroy Island I one d.ay fell in with this Bat iu prodigious numbers,
looking while flying in the bright sunshine (so unusual for a
nocturnal animal) like a large flock of rooks. On close approach a
strong

^
musky odour became apparent, and a loud incessant

chattering was heard. Many of the branches were bending under
their load of Bats, some in a state of inactivity, suspended by their
hind claws, others scrambling along among the houghs, and taking
to wing when disturbed." Oijnonydcris, dentition as in Ptcropus,
but with a short tail, and the fur of the back of the neck not
dilTering from that of the back, with nine species, extends into
Africa, but has not been recorded from Australia or Polynesia

;

otherwise its distribution accords with that of PUropus, C.
mqyptiaca inhabits the chambers of the Great Pyramid and other
deserted buildings in Egypt, and is probably the species so generally

figured in Egyptian frescos. Boncia, with one species, £. bidens,

from Borneo, differs ivom Cynonycteris in having two unper incisorE

only.

Cynopterus, i ? or |, c }, pm §, m ?, muzzle shorter and
giDoved like Ptcropus in front, tail and fur as in Cyuonyderis,
with seven species, is almost limited to the Oriental region. C
marcjinatus is very common in India, and extremely destructive to

ripe fruit of every description. To a specimen of this Bat obtained
by the writer at Calcutta uninjured wms given a ripe banana, which,
with the skin removed, weighed exactly 2 ounces, The animal
immediately, as if famished with hunger, fell upon the fruit, seizing

it between the thumbs and the index fingers, and took large

mouthfuls out of it, opening the mouth to the fullest extent with
extreme voracity. In the space of three hours tho wliole fruit was
consumed. Next morning the Bat was killed, and found to weigh
one ouflce, half the ^^

- ^.^^^^,^,,
>-•.--- ^^n;

weight of the food

eaten in three hours.

Indeed the animal

when eating seemed vf-g^'^
to bo a kind of living 'fM
mill, the food passing

from it almost as fast

03 devoured, and ap-

parently unaltered, eat-

ing being, as it were,

performed only for the

pleasure of eating.

Harpyia, i J, e \,

pm J, m I, premaxillary bones well-developed and united in front,

facial bones much elevated above the margin of the jaw, nasti'iU

tubular, body and limb? as in Cynopterus^ includes two species.

Fig. 70.—Head of Ilarpiiia nuij'->r. Dobson. Prot^
Zool, Soc . 1877. L

l.-)-l(»'
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of very remarkable physiognomy (as niiy be seen from fig. 70),
limiteil to the Austro-jfahyan subrogion.

Ccphalolcs, i I, c \, pia -,, m '',, premaxillary ooncs not united
iu front, nostrils simpU', muzzle short, iiijcx finger without a claw,
tail short, includes two spi-ciis, having the same distribution as those
of Harpijia

\ in both the wing-incmbrane arises from the centre
line of the back, to wlii.h it is attached by a longitudinal very thin
process of tlie integument ; the wings are i^uite naked, but the back
covered'by tbcm is well clothed with hair.

Xotoplcris, i ^, e \, piii §, m 4, index finger without a claw,
wings from the spine, tail long. With this goiius we enter the
second division of the f.imily, the Macrorjlossi, which have the facial

jjart of the skull much produced, the molar teeth narrow, and
scarcely r:asod above the gum, and the tongue exceedingly long,
attenuated in the anterior third, and armed with long recurved
mpilhe near the tip. The single representative of the genus,
W. inacdonahUi, inhabits the Fiji Islands, Aneitenra. Island, and
New Guinea. It is at once distinguished from all other Bats of
this family by the remarkable length of its tail, which is nearly as
Jong as the forearm.

EonijclTis, i 4, c 5-, pm 5, wi 3, Is also represented by a single
species, £. spclssa, from the Farm Caves, lloulmein, Burmah,
which has somewhat the appearance of a Cijnonydcris, but the
absence of a claw in the index finger and the presence of the
characteristic tongue and teeth at once distinguish it.

^_ Macroqlosius and Mdonijckris, each with a single species, are
c'iOSely allied ; the index finger in both has a claw, but the number
of the teeth is the same as iu E^nydcris. Macroglossus minimus is

the smallest known species of the suborder ; it is much smaller than
the common Serotine Bat of Europe, and its forearm is scarcely
longer than that of the Long-eared Bat. It is nearly as common in

certain parts of India as Cynoptcms iimrginatus (compared with
which it is proportionally equally destructive to fruit), and extends
eastward through the Malay Archipelago as far as New Ireland,
where it is associated with Mdoiujctcris melaiwps, distinguished from
It by its larger size and by the total absence of the tail.

Spbordee II. mCROCHIROPTERA.
Insectivorous (rarely frugivorous or sanguivorous) Bats, of com-

paratively small size, having the crowns of th^ molar teeth acutely
tuberculated, marked by transverse gi-ooves, with the bony palate
narrowing abruptly, not continued backward? laterally behind the
last molar ; with one rudimentary phalanx (rarely two phalanges
or none) in the index finger, which is never terminated by a
claw ; with the outer and inner sides of the ear-conch commencincr
inferiorly from separate points of origin ; with the tail, when present,
contained in the interfemoral membrane, or appearing upon its

tipper surface ; with a simple stomach (except in Dcsmodontcs) ; and
with the Spigelian lobe of the liver very large, the caudate lobe
generally small. Inhabiting the tropical and temperate regions of
both hemispheres.
The Bats included in this suborder are mainly insectivorous,

though soma are frugivorous, and two species are known to be
sanguivorous. They fall into five natural families, which may be
•rranged in two groups or alliances as follows :

—

I. Tail contained within the interfemoral membrane ; the middle
pair of upper incisors never large, always separated from
each other by a more or less wide space. L Vespertilionine
Alliance.

m. Middle finger with two osseous phalanges only {except in
Myxopoda aurita, TkyrooUra tricolor, and Mystacina
tuberculata).

a'. First phalanx of the middle finger extended (in repose)

in a line with the metacarpal bone.

a'. Nostrils opening in a depression on the upper
surface of the muzzle, surrounded by foliaceous

cutaneous appendages.
a"'. Tragus none

; premaxillary bones rudimen-
tary, represented by thin osseous laminae
suspended from the nasal cartilages in the
centre of the space between the canines.

RhinolophidBS.

V". Tragus distinct
; premaxillary bones cartila-

ginous or small, separated by a space in
front. Nyctcridas.

b". Nostrils opening by simple crescentie or circular

apertures at the extremity of the muzzle, not
sniTounded hv distinct foliaceou's cutaneous
appendages ; premaxillary bones small, lateral,

separated bj a wide space iu front ; tragus
distinct, yespertilionidss.

II. Tail perforating the interfemoral membrane, and appearing on
its upper surface, or produced considerably beyond the
truncated membrane ; the middle pair of upper incisors
^neraUy large and close together. II. Embatlannrina
illiattce.

V. First phalanx of the middle finger folded (in repose)
on the dorsal surface.'of the metacarpal bone.(exceDt
in Xodilio and Mystacina).

c". Nostrils opening by .simple circular or valvular
apertures at the extremity of the muzzle, not
surrounded or margined by foliaceous cutaneous
appendages; tragus distinct. Enibatlonitridse.

b. Middle finger » ith three well developed osseous phalanges
;

first phalanx of the middle finger short ; uostrils in tho
front part of the cutaneous nasal appendages, or opening
by simple apertures at the extremity of the muzzle ; chin
with warts or erect cntaneous ridges

;
premaxillary

bones well-developed, united in front. Phylloslomidw'.

I. VKsrERTI Lie NINE ALLIANCE.

Family VESPEiiTiLiONiDi.

In tho above synopsis of the families of Microchiroptcra the
Vcspcrtilioiiidss take the central position; and this is, indeeJ, the
place really occupied by them in the suborder. This family
includes the common simple-faced Bats of all countries, of which
tho well-known Pipistrelle and the Whiskered Bat ( Vcspcrtilio

mystacimts) may be taken as familiar types, and its species number
about ISO, considerably more than one-third the total number of

the known species of Chiroplcra, *!rfmated at slightly over 400 (see

Introd. to Dobson's Calal. Chirojd. Brit. Mus., 1878). Besides
the characters of the family given iu the synopsis, it may be added
that the skull is of moderate size, the nasal and frontal boues not
much extended laterally or vertically, nor furrowed by deep
depressions ; the number of incisors varies firom J to J, rarely (in

Antrozous only) A, premolars J or J or i, rarely (in Fcsperugo
noctivagans of North America) j; the upper incisors are small,

separated by a \vide space in the centre, and placed in pairs or
singly near the canines ; the molars are well-developed, with acute

W-shaped cusps. The family is distributed over the temperate and
tropical regions of both hemispheres. The genera may be con-
veniently divided into four groups :

—

Plocoti, Vcspertilioncs, Mini-
optcri, and Thyropteri.

In the Plccoti, of which the common Long-eared Bat {Phcctus
auritus) is tho type, the crown of the head is but slightly raised
above the face-line, the upper incisors are close to tho canines, and
the nostrUs are margined behind by grooves on the upper surface

of the muzzle, or by rudimentary nose-leaves ; the ears also are

generally very large and united. Of the five genera, Plccotus, i %,

pm 5, has two species:— one the common Long-eared European Bat
referred to above ; tho other, P. macrotis, restricted to North
America, is distinguished by the great size of the glandular pro-

minences of the sides of tho muzzle, which meet in the centre

abovo and behind tho nostrils. Synotus, i J, pm §, distinguished

by dentition and by the outer margin of the ear being carried

forwards above the mouth and in front of the eye, includes the
European Barbastelle Bat, S. barbcistcUus, and S. darjctingciisis

from the Himalaya. Otonyctcris, i -J, pm J, connecting this group
with the Vespcrtiliones through tho tropical Scotophili, is repre-

sented by a single species, 0. lumprichii, from North Africa and
the Himalaya. The next two genera are distinguished by the
presence of a rudimentary nose-leaf:

—

NyctopMlus, i \, pm J, with
one species, ^. tirnoriensis, from the Australian, region ; and
Antrozoiis, i \, pm \, distinguished from all tho family besides

by having but two lower incisors, and from other Plccoti by the

separate ears ; the single species, A. pallidiis, inhabits California.

The group Vcspertilioncs, with eight genera, includes nine-tenths

of the species. Of these one-third are contained in the genus'

Vespcrugo, which is divisible into six subgenera according to the

number of premolars and incisors; the latter vary from J to J in tho
subgenera Scotozoits and Ehogcessa, and the premolars from ^ to J (iu

the subgenus Zasionycteris J). The Bats of this genus are generally

easily distinguished hy their comparatively thickly formed bodies,

by their flat broad heads and obtuse muzzles, by their short, broad,

and triangular, obtusely-pointed ears, b* their obtuse and usually

slightly incurved tragus, by their short legs, and by the presence iu

most species of a well-developed post-calcaneal lobule. This lobule

(which is supported by a cartilaginous process derived from the

calcaneum) may act as a kind of adhesive disk iu securing the

animal's grasp when climbing over smooth surfaces. Vcsperugo

probably contains the greatest number of individuals among the

genera of Chiroptera, and, with the exception of Yespertilio, its

species have also the widest geographical range, being iu fact

cosmopolitan ; and one of the species, the well-known Serotine, V.

(Vesperus) serotinus, is remarkable as the only species of Bat

known to inhabit both the Old and the New World; one, V. borealis,

has been found close to tha limits of the Arctic Circle, and another,

F. magellanicus, inhabits the cold and desolate shores of the Straits

of Magellan, doubtless the Bat referred to by Mr Darwin in the

^'aturalist's Voyage. ChalinQlobus agrees with Vts^perugo in the

dental formula, but is readily distinguished by the presence of 9
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well-defined lobe projecting near the angle of the mouih from the

lower lip, and by the unicuspiilate upper inner incisors. The
ipecies fall into two subgenera:

—

CJuiIinolobus, pm %, with C. inbir-

eidatus from New Zealand, Tasmania, and Australia, and three

other species from Australia ; and GluMconyctcris, pin h, limited

to southern and ecjuatorial Africa, with G. argcutalus and two
other species, the Bats of this subgenus being especially rcniarUable

for their peculiarly thin membranes traversed by very distinct

reticulations and parallel lines. Scotophilus, i J, i'»i j, includes

fight species, restricted to the tropical

ond subtropical regions of the eastern

I.emisphere, though widely distributed

f'ithin these limits. The Bats of this

penus, though dilficult to detine, and
approaching certain of those of Vcspcrugo

j\\ many points, are distinguished espe-

cially by tlie single pair of unicuspidate

upper incisors separated by a wide space

a ad placed close to the canines, by the p,^ 71 _H"cad of ^^(ophiim
small transverse first lower premolar emarginaiin. Dobson, Mo-

crushed in between the canine and "»?'. Asiai. Chiropt.

rsecond premolar, and, generally, by their conical nearly naked
muzzles and remarkably thick leathery membranes. Sc. Icm-

minckii is probably the conimohest species of Bat in India, and
appears often on the wing even before the sun has touched the

horizon, especially when the white ants are swarming, feeding

eagerly upon them as they rise in the air. i.j. gUjas, from equa-

torial Africa, with the forearm 3-4 inches, is by far the largest species.

Nycliccjas, with the same dental formula as Scolophilus, is distin-

giiished by the tirst lower premolar not being crushed in between

the adjoining teeth, and by the comparatively much greater size of

the last upper molar. It includes only the common North American
species iV. crepuscularis, a small I3at scarcely larger than the

Fipistrelle. Atalapha, i J, pm J or }, with five species, is also

limited to .the New "World. The Bats of this genus are generally

characteiized by the interfemoral membrane being more or- less

covered with hair {in the two commonest species, A. novebaraccnsis

and A. cinerea, wholly thickly covered), and by the peculiar form of

the tragus, which is expanded above and abruptly curved inwards.

In these species, which have two upper premolars, the first is

extremely small and quite internal to the tooth-row. The genus
Harpyiocephalus, i \,pm J, includes eight very remarkable small

species, distinguished at once by their prominent tube-like nostrils

and hairy interfemoral membrane. H. suillus from Java and
neighbouring islands is the best-known species, and another

closely a'lied, 1[. hilgendorfi, has been described by Professor Peters

from Japan. The remaining six species are known only from the

Himalaya and Tibet.- All appear to be restricted to the hill tracts

of the countries in which they are found. Next to Vtspcrugo, the

genus Kcsperlilio, i J, pm J, includes by far the largest number of

species, amounting to forty-three ; it has, ho\vever, rather a wider
geographical distribution in both hemispheres, one species at least

being recorded from the Navigators' Islands. The species are easily

recognized by the peculiar character of the pairs of upper incisors on
each side, the cusps of which diverge from each other, by the large

number of premolars, of which the second upper is always very
email, and by the oval elongated ear and narrow attenuated tragus.

Kerivouta, with the
same dental formula
as Vespertilio, is easily

distingui-shed by the

parallel upper incisors,

and by the compara-
,

,

lively large size of tiic-

second upper premolar.

Ten species have been Fn;. 7:;.—side and Fiont View of the Head of Keri-

described from the vou/o AorJicirtii. Dobson, ifonoor. AsiaC. Chiropt.

Ethiopian and Oriental regions, of which K. picla, from India and
tho Indo-Malayan subregion, is the best-known, being well char-
acterized by its brilliantly coloured orange fur and conspicuously
marked membrane, which are variegated with orange and black.
The ^enus includes the most delicately formed and most truly
insectivorous, tropical, forest-haunting Bats, which appear to stand
as regards the species of V'c^yerlUio in a position similar to that
occupied by Chalinolobus with re.ipect to Vcsperugo.
The next group, Minioptcri, includes two genera, Natalus and

M iuioplcnts, characterized by tho great elevation of the crown of tho
head above the face-line, and by the upper incisors being separated
fn>m tho canines and also in front. Katalu3, with the same dental
fo'.mulft and general external form as Kcrivaula, is distinguished
bj the short triangular tragus, and by the characters of the group
enumciatcd above. It includes three species, all restricted to
South and Central America and tho West Indies ; the head of one,
Jv. Tnicropus, lately described by the present writer, is shown in
fig. 73. ' Minioptcrus, i |, pm J, at once distinguished by the
Miortness of the tirst phalanx of the middle finger, and by tho great
length of Hie tail, which is wholly contained within the interfemoral

membrane, includes four species, resrricted to the PMtem hemt
sphere. Of these the best-known, ^.^A schrcihcrsii, is very widelj

distributed, being found
almost everywhere through-

out the tropical and warmer
temperate regions of the

eastern hemisphere, speci-
|

mens from Germany, Mada-
gascar, Japan, and Australia

differing in no appreciable

respect.

The last group. Thy-
roptcrij includes also two
genera, distinguished not

only by the presence of an
additional osseous phalanx
in the middle finger and an equal number of phalanges in the toes,

but also by p;«^liar accessory clinging organs attached to the

extremities. In Thyroptcra tricolor, i -J, ;jhi f , from Brazil, thest

organs have the appearance of small, circular, pedunculated, hollow
disks (fig. 74), resembling in miniature the .sucking cups ot

cuttle-fishes, and attached to the inferior surfaces of the thumbs
and soles of the feet, with which the animal, i.^^ enabled to main-
tain its hold when creeling over smooth vertical sur'aces (for an

73.—Head of Kalalus micropus.
Dobson, Proc. Zool. Soc., 1680.

Fig. 74.—.Suctorial Dinks lo Thyroptera tricolor, a, side, and b, concave sni-face,

of tiiumb disk; c, foot with disk, and calcar with projections (all much en-

larged). Dobson, Proc. Zool. Soc., 187C.

account of the minute anatomy of these clinging organs seo the

writer's paper in the Froc. Zool. Soc, 1876, pp. 531-34). Tn

Myxopoda aurita from Madagascar (type of the second genus), with

the same dental formula, but difl'ering much in the characters of

the teeth and in the form of the ears, the whole inferior surface of

the thumb supports a large sessile horse-shoe-shaped adhesive pad,

with the circular margin directed forwards and notched along its

edge, and a smaller cad occupies part of the sole of the foot.

Family Ntcterid^.

This small family, defined in the synopsis above, includes only

— L .iiiirif-Tf"

Flo. H.—Uegaderma gigas. x \. Dobson, Proc. Zool Soe., 1880.

two genera of Bats of very peculiar aspect, limited to the tropical

end subtropical parts of the eastern hemisphere.
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Mifjndcr.nn, i 5, pm I or A, with five species, is distinRiiished by
tlie absence of upper incisors, by the cyUudrical narrow muzzle sur-
noimted by an erect naked cutaneous process (the nose-leaf), the base
of H'liicli conceals the nasal orifices, by the immense connate car^
with largo bifid tr.igi, and by the great extent of the interfemoral
membrane, in the base of which the very short tail is concealed,
M. gl'jas, from central Queensland (forearm 4 '2 inches), is not only
the largest species of the genus but also of the suborder. M. lyra,
common in India (forearm 27 inches), has been caught in the act
of sucking the blood, while flying, from a small species of Ves-
jtcnir/n, which it afterwards devoured (see Dobson's Monograph of
the Asiatic Chiroplca, p 77): so that it is probable that the Bata
of this genus do not confine themselves to insect prey alone, but
also feed, when they can, upon the smaller species of Bats and
other small mammals.

Kyctcris, i \, pm J, with seven species, differs so much from
McijaiUrma that it may be considered the tyjie of a separate sub-
i.iniily. As in that genus, the frontal bones are deeply hollowed out
and expanded laterally, the muzjle presents a similar cylindrical
form, and the loAver jaw also projects, but the single elevated nose-
leaf is absent, and instead of it the face is marked by a deep longi-
tudinal sharp-edged groove extending from the nostrils (which are
on the upper surface of the muzzle near its extremity) to the low
band connecting the bases of the large ears ; the sides of this
depression are margined as fnr back as the eyes by small horizontal
cutaneous appendages. All the species resemble one another
closely, and are mainly distingiibhed by the form of the tragus,
ajid the aze and relative position of the second lower premolar.
With the exception of i\'. Javanica, all the species are limited to the
Ethiopian region.

Family Ehin'olophidx.

In all the species of this family the nasal appendages are highly
Jercloped, and surround on all sides the nasal apertures, which are
eituated in a <le]>ression on the upper surface of the muzzle ; the
ears are large and generally separate, without trace of a tragus

;

the premaxUlary bones are rudimentary, arc suspended from the
nasal cartilages, and support a pair of very small incisors ; the
molars have acute W-shaped cusps ; the skull is large, and the
nasal bones which support the lai'ge nasal cutaneous appendages are
much expanded vertically and laterally ; in females a pair of teat-

like appendages are found in front of the pubis ; and the tail is

long and produced to the posterior margin of the interfemoral
membrane.^ The family is found in the temperate and tropical

parts of the east«rn hemisphere.
From whatever point of view the HJiinoIophids: may be considered,

they are evidently the most highly organized of insectivorous Eats.

In them the osseous and cutaneous systems reacli the most perfect

development. Compared with theirs the bones of the extremities

and the vohir membranes of other Bats appear coarsely formed,

and even their teeth eoeni less perfectly iittcd to crush the hard
bodies of insects. The very complicated nasal appendages, which
evidently act as delicate organs of special perception {vide siipra),

here reach their highest development, and the differences in their

form afford valuable characters in the discrimination of the species,

which resemble one, another very closely in dentition and in the

colour of the fur.

Subfamily 1. KhinolopliinSB.—First toe with two, other toes

with three phalanges each ; ilio-pectineal spine not connected by
bone with the antero-iuferior surface of the ilium.

Jihinolop/ius, i A, c |, pm J, in §, nose-leaf with a «entral

{irocess behind and between the nasal orifices, posterior extremity
anceolato, antitragus large, includes

twenty-four species. E. lucluSy forearm
3 inches, is the largest species, in-

Jir.biting elevated hill tracts in India

and llalayana ; M. hipposidf.ros of

Europe, extending into south England
and Ireland, forearm 1 "5 inches, is one of

the smallest; ?ini. K.fcrrum-cqyiinum,
forearm 2'3 inches, represents the
average size of the species, which are

mainly distinguished from one another
tiy the form of the nose-leaf. The
last-named species extends from Eng-
land to Japan, and southward to the
Cape of Good Hope

_ P„ ^.-Hcad of Tthin.lopTm,
Subfamily 11. PhyUorhinmee.— mitralus. Dolison, Umo^

Toes equal, of two phalanges each ;
AsiM. Otiivpt.

ilio-pectineal spine u-nited by a bony isthmus with a process derived
from the antero-inferior surface of the ilium.

PAi/WorAiim.withtwenty-twospecies, andiiAinottjrcteris, TriasTtopj,

and Calova, with one each, represent this subfamily. Phyllorhina,
' ii ' I. J"" * or ^., m J, differs from Hhinohphus in the form
of the nose-leaf, which is not lanceolate behind (see ng. 76), and
is nnprovided with a central process covering the nostrils ; the
larjiEst species, 7'A. armiae^a. appears to bo the most northerly,

Fig. 77.—Head of Ph^Horfiina fafcai-at^
Dobsoii, Proc. Zaol. Soc, 1877.

having been taken at Amoy in China, and in the Himalaya at an
elevation of 5500 feet, llany are provided with a ncculiar fronts;)

sac behind the nose-leaf,

rudimentary in females

(see tig. 67), which the

animal can evert at plea-

sure ; the sides of this sac

secrete a waxy substance,

and its extremity sup-

ports a pencil of straight

nairs. Jihinonyckris, re-

presented by H. auraiUia
from Australia, and
Trixnops, by T. pci'siaiSf

from Persia and eastrrn

Africa, are closely allied

genera ; the latter species

13 characterized by the

very remarkable form of

its nasal appendages ami
cars, and by the presence

of a peculiar osseous

projection from the proxi-

mal extremity of the

second phalanx of the

fourth linger. Co^lops

(C. frilhii), from the Ben-
gal Sunderbunds, Java,

and Siam (in the roof of

the great pagoda at Laos),

is distinguished, not only
by the very peculiar form
of its nose-leaf, but also

by the great length of

the metacarpal bone of the

X 2.Fig. 73,—Head of Triu-nops prrstcus,

Dotson, ilonogr. Asial. C/iirapt.

index finger, as well as by the shortness of the calcanea and inter-

femoral membrane.

II. EMBALLONtrP.INE ALLIANCE.
Family Emballontjridj;.

The second group of families (as defined above) into wliicli the
Microchiroptera may be divided includes the Emlallonuridw and
Phyllostomidie. The former is represented by thirteen genera,

including sixty-five species. The EmhaUomiridE& are generally

easily distinguished by the peculiar form of the muzzle, which is

obliquely truncated, the nostrils projecting more or les.s in front

beyond the lower lip, by th •" first phalanx of the middle finger

being folded in repose forwards on the upper surface of the

metacarpal bone, by the tail, which either perforates the inter-

femoral membrane or is produced far beyond it, and by the upper
incisors, which are generally a single pair separated from the

canines and also in front. They are cosniopolitan like the Vesper-

iilimiidw, but rarely extend north or south of the thirtieth parallel

of latitude.

Subfamily I. Emballonurinse.—Tail slender, perforating the
interfemoral membrane, and ajipearing upon its upper surface, or

terminating in it ; legs long, fibuU-e very slender ; upper incisors

weak.
Group I. Furiee.—Tail terminating in the interfemoral mem-

brane ; crown of the head greatly elevated above the face-line ;

thumb and first phalanx of the middle finger very short ; i |> c 1,

pin ?,»«$.
Two genera, Furia and AmorpkochHus, each including one

species of very peculiar, aspect, the latter distinguished from the

former by the widely separated nosliils and great extension back-

wards of the bony palate. Habitat South America.

Group II. Emballonurse.—Part of the tail included in the basal

half of the interfemoral membrane, the remaining part passing

through and appearing upon its upper
surface ; crown of the head slightly

elevated ; thumb and first phalanx of

the middle finger moderately long; pm. |.

With five genera.

Emballonura, i f, extremity of tho X"^'fy^'C~^B^S'(^
muzzle more or less produced beyond the -A \ ; \ ^^ >(r
lower lip, forehead fiat, contains five

"^i^^
'''

'
" s^

species, inhabiting' islands from Mada-
gascar through the Malay Archipelago to

tho Kavigators' Islands. Coleura, i i, Fic. 79._Ear of Emballonura

extremity of the muzzle broad, forehead
™-^X";':V?i878!^''""-

concave, has two species from east Africa

and the Seychelles Islands. Myvchonyderis is distinguished from

Caleiira by the much produced extremity of the muzzle ; the single

species, E. naso, from Central and South America, is very common
in the vicinity of streams throughout the tropical parts of these

countries. It is usually found during the day resting on the vertical
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faecB of rocks, or on the truuks of trees growinji out over tlio water,

ami, owing to the peculiar greyish colour of the fur covering the

Lody anJ growiug in small tufts from the antebrachial membraue,
counterfeiting the weathered surfaces of the rocks and the bark of

the trees, easily escapes notice. As theshades of evening approach

it appears early on tlie wing. Hying close to the surface of the water,

and seizing the minute insects tliat hover over it. Saccopicryx,

i J, antebrachial membrane witli a pouch opening on its upper
surface, contains six species from Central and South America ; the

wing-sac varies in position in dill'erent species. It is developed

only in the male; in the female it is quite rudimentary. In the

adult males of the difl'erent species a valvular longitudinal opening

is found on the upper surface of the membrane. This opening

leads into a small pouch (in some species large enough to hold a

pea), the interior of which is lined with a glandular membrane
secreting an unctuous substance of a reddish colour with a strong

ammoniacal odour. The presence of this sac in males only

indicates that it is a secondary sexual character analogous to the

shoulder pouches of Epomophurus, the frontal sacs of Phyllorhina,

kc.

The next genus Taphowus, including ten specie'!, inhabiting the

tropical and subtropical parts of all the eastern hemisphere except

Polynesia, forms the second section of this group, distinguislied by
its cartilaginous premaxillaries, deciduous pair of upper incisors,

and by the presence of four lower incisors only. Most of tho species

bave a peculiar gUndular sac (see £g. 80) placed between the

Flo. 80.—Heads of Taphozous longtmanus, showing relative development of
gular sacs In male and female. Dobaon, I'l-oc. Zool. Soc, 1873.

•nijles of the lower jaw, a sexual character ; for, wliile always more
developed in males than in females, in some species, althouf^h
distinct in the male, it is quite absent in tho female. An open
gular sac is wanting in both sexes in T. melanopogou^ but about
its usual position the openings of small pores may be seen, the
secretion exuding from which probably causes the hairs to grow
very long, forming the black beard found in many male specimens
of this species.

Group III. Dididuri.—1]n3 is represented by a single genus,
Dklidurus, including two species. J), alius, from Central and
South America, i ^, c |, pm §, m 5, resembles the species of
Taphozous in the form of the head and ears, but, besides other
ctaracters, differs from all other Bats in possessing a peculiar
pouch, opening on the centre of the inferior surface of the inter-
femoral membrane ; the extremity of the tail enters this, and per-
forates its fundus.

Group IV. A'ochVi'orecs.—This also is represented by a single genus
Bnd two species, Noclilio leporinus and N'. dorsatus, i f, pm \,
from Central and South America. The group connects the family
Pmbnllonuridss with tho Pkylloilomidm, possessing charaeters
common to both, but also so many remarkable special peculiarities
OS almost to warrant the formation of a separate family for its

reception. Tho type, N. leporinus of Linnffius, is • Bat of very
curious aspect, with strangely folded lips, erect cutaneous processes
on the ciiin, and enormous
feet and claws. The two
middle incisors are close to-

gether, and so large as to con-
ceal tho small outer onci, whilis

in tho lower jaw there are but
two small incisors. This ap-
parent resemblance to a lio-

dent actually led the great
naturalist to remove this Fio. St.—Skull of minopoma tntcro-

species from the Bats and ithyUum. x 2. Doluon, J/onojr. ^sfa(.

place it in his order Glires or CMropl.

Rodents. Similarly the next group Rlvnopomata, represented by
a singlo species, R. microjihyllum, might also bo elevated into the
rank of a family, for it is very dillicult to determine its exact
sffinities, a kind of cross relationship attaching it to the Kyclcridie
oa tho one hand and to this family, in which it is here placed
provisionally, on tho other. This curious species, distinguished
irom all other Miirrochiro-ple. a as well by tho presence of two
phalanges in the index finger es by its remarkably long and slender
tail projecting far bcyondthe narrow interfemoral membrane, in-
iiabitH tho siibterranean tombs in ligypt and deserted buildings
J<:ucrall;f from uortli-euiit Atricato Burinal'

Subfamily If. Kolosslnse. —Tail thick, produced far beyond th»
posterior margin of llio interfemoral mcmbrano (except in ilysUH
cina) ; legs short and strong, with Wull-de.velopcd tibuht! ; ujipe*

incisors strong. This subfamily iucludcs all the species of EmUiU
lonuridte with short and strong legs and broad feet—whereof the
first toe (and in most species the fifth also) is much thicker than tlie

others, and furnished with long curved liaii-s,—with well-developed
callosities at the b.ase of the thumbs, and with a single pair of lap^o

upper incisors occupying tlio centre of the space between the
canines. In all tho species the feet are free from tho wing-
membrane, which folds up very perrcctly under the forearm anJ
legs ; the interfemoral membrane is rctr.actilo, being movable back,

wards and forwards along tho tail, and this power of varying its

superficial extent must confer ujiou these Bats great dexterity in

quickly changing the direction of their tliglit, as when obliged to

double in pursuing their swiltly-flyiug insect prey, which theii

extremely expansible lips evidently enable them to secure with
ease.

Group J. MolosH.—Toil produced beyond tho posteriorTnargin
of the interfemoral membrane.

Cheiromclcs, i \, c \, ]im J, m ^, hallux much larger than thq
other toes and separable from them, ears separate, is represented by
a single species, O. torqttatus, of largo size (forearm !)'l inches) and
very peculiar aspect, inhabiting the iiido-Malayan subrcgion. This
species is nearly naked, a collar only of thinly spread hairs half sur-

rounding the neck, and is further remarkable fo^its enormous throat
sac and curious nursing jwuches. The former consists of a great

semicircular fold ofskinforminga deep pouch round the neck benejith,

concealing the orilices of large subcutaneous pectoral glands which
discharge an oily fluid of insufferably offensive smell.- The nursing
pouch is formed on each side by an extension of a fold of sitl.: from
the side of the body to the inferior surfaces of the humerus and femur.

In the anterior part of this pouch the mamma is placed. For figuiea

of these throat sacs and notos on the use of tlie nursing pouches
see Catal. Chiropiera, p. 406, pi. xxL

Molossus, i I or J, pm h or %, upper incisors close together in

front, with ten species, is restricted

to the tropical and subtropical re-

gions of the New World. The
woodcut of il. glnucinns (fig. 82)

exhibits tho general physiognomy
of tho Bats of this genus. M.
obscurus, a small species, is very
cumniou in tropical America. It

inhabits the hollow trunks of palms
j

and other trees, and also the roofs

of houses. The males and females
live apart (as, indeed, appears toi

be tho case in most if not in all

species of Bats). In the hollow'
trunk of a pakn two colonies were Fio. 82.—Head of iMassus glaurhui:

discovered, one consisting of from Dobson, Proc. Zool. Sue, 1870.

loO to 200 indiviiiuals, exclusively males, while the other was com-
posed of females with a male here and there among them.
Nydinomus, i J or J, fm f or i, upper incisors separate la

front, includes twenty-one species,

inhabiting tjie tropical and sub-
tropical parts of both hemispheres.
The lips of the Bats of this genus
are even more expansible than in

Molossus, in Uinuy of th« apecies (as

in the woodcut of the head of

K. macrofis, fig. 83) showing vertical

wi inkles. N. cestonii, one of the

largest species, alone extends into :

Europe, and has been taken as far

north OS Switzerland. iV. johorcnsis,

from the Malay Bcninsula, is remark- Fin. 83.—Head of t!!,ciii,omu$ mm
able from the extraordinary form croits. Dobson, I'roc. Zcoi. s»e,

of its ears. JV. brnsiliaisis is nearly ,

^*"'

as common as M. obscunis in tropical Amciica, and extends farUiw
north (California) and south than that species.

Group II. ilystacinx.—Tail perforating the interfemoral mem-
brane, and appearing upon its upper surface.

This includes a singlo genus and species, M'yUaeina tubcrculala,

a very peculiar form restricted to New Zealand, where, with
Chalinolobus luberculatns, it represents the wholo indigenous
mammalian fauna of the i.slands. There arc tlr.'oo distinct pholanges
in tho middle finger ; the greater part of the wing-mumbiane is

exceedingly thin, but a narrow portion alAiig the forearm, tho sides

of the body, and the legs is romarkaLly thick and lealhery
;

beneath this thickened portion the wings are folded, and it is

evidently analogous to tho thickened part of the anterior wings in

hemipterous insects and to the elytra of the Louoplcrn. With tlie

wings thus encased, this species is tho most quadrupedal of Bats.

Other peculiarities of structure are found in the lemaikaLle frrni of

tho claws of tho thumbs and toes, which have each a small talon
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projecting from its conoavc sHrfnce near the base, also in the solo

of the foot and inferior surface of the leg, as shown in iig. 84. The

filantar surface, including the toes, is covered with solt and very

ax integument deeply wrinkled, and each toe is marked by a

central longitudinal groove with short grooves at right angles to it,

Tio. M.
—
^Tlmmb and Leg and Foot of ilyslafinn tuberculata (enlarged). Dobj

Proc. Zool. Soc, ISTC

as in the genus Hcmidaclijhis {Occ!:otids). The lax wrinkled integu-

ment is continued along the inferior flattened surface of the anklo
and leg. These peculiarities appear to be related to climbing
liabits in the species. See the writer's remarks in Froc. Zool, Soc,
J87C, p. 483.

Famihj PnTLLOSTOMIDJi

The Bats included in this family are readily distinguished by the
presence of a well-developed third phalanx in the middle finger,

associated either with distinct cutaneous nasal appendages, or with
well-developed central upper incisors, or with both. Unliko the

Rhiiiolophidie, their eyes are generally large, and the tragus well

developed, maintaining almost the samo form throughout the

species, however much the outer parts of the body may vary. Their
fur is of a dull colour, and the face and back (in the SlcnoolcrmaUt,

especially) are often marked with white streaks, as in the Ptcropodidx,

of which they take the place in the western hemisphere. A few
species, probably all those w ith the tail and interfemoral membrane
well-developed, feed principally on insects, while the greater

number of the species of the groups Vampyri and Glosscqihagia

appear to live on a mixed diet of insects and fruits, and the

Desmodontes, of which two species only are known, are true blood-

suckers, and have their teeth and intestinal tract specially mollified
,

in accordance with their habits. Limited to the tropical and sub-

tropical parts of Central and South America.
, Subfamily 1. Lobostoininee.— Nostrils opening by simple
apertures at the extremity of the muzzle in front, not margined by
a distinct nose-leaf ; chin with expanded leaf-like appendages.

It includes two gener.a. In Chilonyclcris (six species) the crown
of the head is moderately elevated above the face-line, and the basi-

cranial axis is al-

most in tho same
plane as the facial,

while in Mormops
the crown of the

head is greatly ele-

vated above the face-

line, and the basi-

cranial axis is almost

at right angles to

the facial ; i J, pm |

in both genera. The
latter genus contains

two species, which,

in their very peculiar

physiognomy, are probably the most remarkable among the

many strange forms exhibited by the different species of this

order.

Subfamily 2. Phyllostominse. —Nostrils opening on the upper

surface of the muzzle, the nasal apertures more or less surrounded

or margined by well-developed cutaneous appendages, forming a

distinct nose-leaf; chin with warts.

Group I. Vampyri.—Jlnzzle long and narrow in front, tho

distance between the eyes generally less than, rarely equal to, tho

distance from tho eye to the extremity of the muzzle ; nose-leaf

well-developed, horse-shoe-shaped in front, lanceolate behind
;

interfemoral membrane well-developed ; tail generally distinct,

rarely absent ; inner margin of the lips not fringed ; t J or f,

pm J or ? ; molai-s with W-shaped cusps, usually well-developed.

Nearly all the species of Vampyri appear tiJ be insectivorous, so

ibat the term applied to this group cannot be considered indicative

jf their habits. A few, if not all, probably supplement their insect

jliet with fruit. Vampyrus spcdrian (tho largest Bnt in the New
World, forearm 4 '2 inches) is said to be wholly fiugivorous, and
ilacrolns walcrhousii appears to prey occasionally on small species

Fia. 85.—Head nf Mormops blninriJIii.

Calat. CMiopl. Bill. Mas.
Dobaon,

of Bats, like Megndcrmn 7y:,x of the easteni hemisphere, which it

resembles in many rcsjircts.

The species may be divided into two sections, according 03 the

tail is produced to the hinder margin of the interfemoral membrane
or perforates it and appears upon its upper surface. Those includeJf

in the first section fall into

three genera, Lonchorhinn,
Hacrotus, and Macrophylhtm,
the first-named including a
very remarkable species, L.

aui-ita, with an extraordinary

Jong nose-leaf and pcculiaily

large cara and tragi. In the

second section are included

the genera Vampyrus, Lopho-

stotna, Scliizoslomn, Trachiiops,

Phyllodcrma, rhyUostoma,
Tylostoma, Mimoii, C(troUia,

and Ehinopliylla, all, with Txa.id.—Ticnioi Phyllotlomatlmga-

the exception of the last, dis- """ '''o'- •?»<'' •Soc, 18CC.

ii tinguished from one another cliicdy by the form' of the skull

and the presence or absence of the second lower premolar;

Trachyops. rinjllodcrma, and the three last-named genera aro

each represented by a single species, Phyllostoma haslaluvi, fore-

arm 3'2 inches, ne.Kt in point of size to Vampyrus spectrum, is

a well-known species in South America; Ph. cloiigalum (see fig.

86) differs in its .smaller size and much larger nooe-lcaf. Carollia

brcvicauda, a small species, is generally found represented in col-

lections, and externally so closely resembles Glossophaga soricina

(of tho next group) that it has often been confounded with that

species. It forms a connecting link between this group and the

next Hhinophylla pumilio, forearm 1'25 inches, tail none, is tho

smallest known species of the family ; it is further distinguished

by tho narrowness of its molars, which do not form AV-shapcd

cusps, and by tho very small size of the last upper molar, characters

connecting it, and consequently the group, with the Slcnodcrmata.

Tia. 87.—Head of Choeronijcteris mrxirnnn. pliowlng fibl-illatcd tongue.
Uobsuii, Cal. Cliiiopt. Jjnt. Mus.

Group II. Glossopliagic—'MaizXo leng and n.irrow ; tongue

remarkably long and extensible, much attenuated towards the tip,

and beset with very long fililbrm recurved papill.T; lower lip with A
w ide groove above, and in front margined by small warts ; nose^

leaf small ; tail short or none ; i S, pm § or J or t, in 1 or § or |

;

teeth very narrow ; molars with narrow "W-shnped cusps, sometimes

indistinct or absent ; lower incisors very small or deciduous.

The ten species included in this group represent seven genera,

which are distinguished principally by differences in the form and
number of the teeth, and by the presence or absence of the

zygomatic arches. The form and position of the upper incisors are

extremely variable. In GlossopJuiga and Pkyllonydcris the upper
incisors form, a^j in the Vampyri, a continuous row between the

canines ; in .Vonophylla and Ischnoglossa they are separated into

]tairs by a narrow interval in front ; while in Lonchoglossa,

GlossonycUrli, and C/ueronyctcris they are widely separated and
placed in pairs near the canines ; in the first four genera the lower

incisors are present (at least up to a certain age), in the last three

they are deciduous even in youth. The zygomatic arch is wanting
in Phyllonyclcris, Glossonydcris, and ChceronycCeris.

The typical species is Glossophaga soricina, which so closely

resembles Carollia brcvicauda, both in external form and dentition,

that it has frequently been confounded with it. Its long fibriUated

tongue (which it possesses in common with other species of the

group) led Spix to describe it as a , very cruel blood-suckei

{sanguisuga crudcUssima), believing that itVas used to increase tho

flow of blood. This view is, however, altogether without founda-

tion, and from the observations of Osburn and others it is evident

that the peculiarly shaped tongue is used by the animal, as in the

case of the Macroglossi among the frugivorous Ptcropodidx, to lick

out the pulpy contents of fruits having hard rinds. The food of

the .species of this group appears to consist of both fruit and insects,

and tne long tongue may also be used for extracting the latter from

the deep corolke of certain flowers.

Group III. SUnodcrmala.—Muzzle very short and generallj

broad in front the distance between the eyes nearly always exceed-

J
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Fig. 88.—Ile^id of Cenlurio tevex.

Dubson, Cat. Chiropt. Brit. Mus.

ing (rarely eiiuni to) the distance from the eye to the extremity of

the muzzle; nosc-Ieaf short, horse-shoe-shapecl in front, lanceolate

behind {exixpl iu Brac/iyij/ii/lla and CciUurio); interfenior.il niein-

br.ano always concave behind ; tail none ; inner margin of tlie lifis

fringed with conical pnpiihe ; i ! or ^, put ?, m jj or j or S
;

premolars and molars very broad (except in l^tunura), the latter witli

concave or flat ciowns margined externally by raised cutting edges.

Although the Slcnodcriiuita aro generally easily distinguished

from the Fnmp'jH by the peculiar shortness and breadth of the

muzzle, and by the form of the molar teeth, certain species of tlie

latter group closely resemble those of the former in external

appearance, agreeing almost absolutely in the form of the nose-leu
F,

of the ears and tr.igus, and of the warts on the chin. These
resemblances show that, while the form of the teeth and jaws has

become modified to suit the food of the animals, the external

characters, being bnt slightly afl'octed by this cause, have remained

much the same, and now indicate their common origin. The food

of these Bats appears to be wholly or iu great part tree fruit. The
twenty species have been divided into nine genera, distingnislicd

by the form of the skull and teeth. Arlihcus, with five, includes

among them the well-known frugivorous Cat, A. j'C'^l'icillnliis of

Linnajus, so common in collections. Slenoitcriiia achradojiliHuiii,

tonnd in Jamaica and Cuba, associated with the above, and scarcely

diitinguishable externally except

by its very much smaller size,

differs altogether in the absence of

the horizontal plate of the palate

bones. Sturnira lilium, while

agreeing with the above in the form /''f}

of the nose-leaf and ears, difl'trs
'/'•

from all the species of the family

in its longitudinally-grooved mo-
lars, \rhicli resemble those of the

frugivorous Pfero;)orf(Vf« more closely

than those of any other Bats ; and
the presence of tufts of long differ-

ently-coloured hairs over glands in the sides of the neck shows
yet another character in common still more remarkable, which
can scarcely be considered, like the teeth, the result of adaptive

change. Cenlurio sencx is the type of a genus distinguished from
Slenoderma and other genera of this group by the absence of a dis-

tinct nose-leaf. This most remarkable form stands alone among
the species of Chiroptcra, and, indeed, in its peculiar and grotesijue

physiognomy is unrivalled among known mammals.
Group IV. Dcsmodontcs.—Muzzle short and conical; nose-leaf

distinct ; interfcmoral membrane very short ; tail none ; i i, pni §,

m } or ^ ; upper incisors very large, trenchant, occupying the whole
space between the canines

;
premolars very narrow, with sharp-

edged longitudinal crowns ; molars rudimentary or none ; stomach
greatly elongated, intestiniform.

There are two genera, Dcsniodus, without calcanenm or true molars,

and DiphiiUa, with a short calcanenm and with a single rudimen-
tary molar on each side,—.restricted to Central and South America.
Desmodics rufiis, the commoner species, is a little larger than the
Noctule Bat of Europe, and abundant in certain parts of South
America, where it is very troublesome owing to its attacks upon
domestic animals, sucking their blood and often leaving them much
eakcncd from repeated bleedings. See VAMriRE,

Fo.«!IL CninOPTERA,

Fossil remains of Chiroptcra extend as far back as the Upper
Eocene of Europe and America, if, indeed, the beds in which they
have been found are rightly considered as belonging to that age.

Of these Vcapcrugo (Nyditlierium) partsicnsis, described by Cuvicr
from the gypsum of Montmurtre, is very like a small specimen ot

the widely distributed V. serotinus; V. vclox and prisma of the
same subsection, and NyclHalcs serotinus, have been characterized

by Marsh from the Eocene of the United States, and Vespcrtilio

morloii, Pictet, from that of Switzerland. From the Quercy
lacustrine deposits comes llhinotophus antiquus, Filhol, but these

are very doubtfully of Eocene ago. Palxonycteris (allied to

Rhinolophxis), with P, robiistus, Vcsperugo, with V. noetuloides

and murinoidcs, and Vespcrtilio* with V. aquensis, prmcox, and
insignia, have been found in Jlioceno beds of France and
Germany. Pliocene bone caves have also yielded remains, in all

coaes closely allied to species now inhabiting the same countries.

All these forms, however, exhibit na much specialization in their

general structure as any existing species of the same families,

indicoting (if the ago assigned to the deposits can he trustee^) that

the first appearaocB of Chiroptcra must be referred to a very gemote
period.

Bibliography of Chiropttra.—Q. E. Dobson, Catnlo/^e of the Chtropiera in the

Cnlleciion 0/ tlfe iJritiih ituieum, 187S, Including closcrlptlunsof all<tlu^ spcclca of
Bnts then known ; Bubsuqiu-nt papers by the wme ftutbor to Hff. lirit. Auoc.
Adv. Scifnct, Proe. Zool. Hoe., Ann. Mag. Aal. Hilt., and ttutlrt. t>or. jioot. de
t'ranfe, by Pttcrs lo Monatsb. Akad. Wissfnteh. H.-rlin, anj by Olilflc.lil Thomu
ani J. f^\xliy m Ann. i/ng. Sat. llist.; H. A Itobln. liec/itrchcs AoAlvntiijues tur
let i/animi/irei di I'Ordre da Ckiroplii-<s, I'aris, isai.

Oedf.k RODENTIA

Terrestrial, rarely arboreal or natatorial, dipLyodonl
placental mammals of small size ; with plantigrada <*
semiplantigiade, generally pentadactyle, unguiculate, rarely

subiingulate, feet ; with claviclea (sometimes imperfect or

rudimentary) ; with never mure than two incisors ia the

mandible, and without canines.

The upper incisors resemble the lower in growing
uninterruptedly from persistent pulps, and (except in

Ldf/omorpha) agree with them in number ; the premolars

and molars are rooted or rootless, with tubercukted or

laminated crowns, and arranged iu an unbroken series ; the

orbits are not circumscribed by bone; the mandibular con-

dyle is antero-posteriorly elongated ; the intestine (except

in }ft/oxida:) lias a large c»cum ; the testes are inguinal

or abdominal; the uterus is tw.o-horned, the cornua opening

separately into the vagina or uniting to form a corpus

uteri ; the placenta is discoidal and deciduate ; and the

.smooth cerebral hemispheres do not extend backwards so

as to cover any part of the cerebellum.

The Rodents form a very compact order, readily

distinguished by their large chisel-shaped incisors, and by
the absence of canines. Thsy include by far the greatest

number of species (over 900), and have the widest distribu-

tion, of any of the orders of terrestrial mammals, being in

fact cosmopolitan, although more abundant in some parts,

as in South America, which may be considered their head-

quarters, than in others, as in Australasia and Madagascar,

where representatives of a few genera of one family

(Mvrida;) only are found, thus contrasting remarkably with

the Insecdvora, which constitute at least half the mamma-
lian fauna of Madagascar, but are without living represen-

tatives in South America.

If, as wo have seen, the term enloBophagoua is

applicable to most Iiisedivora, much more so, on the other

hand, may the species of this great order be defined as

phytophagous, and this uniformitj' in their food and in the

mode of obtaining it, namely, by gnawing, has evidently

led to such corresponding general uniformity in structure,

which is observable throughout the species, that with

difficulty we obtain characters sufficiently salient for divid-

ing them into genera and families. Although, like the

Iiisedivora, they present much diversity of habit,— some

being arboreal, as the Squirrels, many species of which are

provided with cutaneous parachutes on which they glide

from tree to tree ; some cursorial, as the Hares ; some agile

jumpers, as the Jerboas; some fossorial, as the great Mole-

Rats ; and some natatorial, as the Beavers and Water-Rats,

—yet we do not find corresponding structural modifications

comparable with those noticed in that order.

FlO. 89.—side view of SItull of Cape JamplnB Hare (?«/«(««/«). x }. Pldf
ptcmiixllla ; ^fx.maxllla; A/n. malar; /"r, frontal ; A, Iaclir>mal ; /^, psHctAlt
A«. nasul ; Sij. siiuaniosnl ; Ty, tympanic; fjrO. exncclpllal ; A3, allepbenold;

OS, orbtto-sphciiulij ; Per, mastoid bulla. Flower, Oatcot. Mammal.

The Rodent skull is characterized by the great size of the

pF«maxillary bones, which completely separate the nasals
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from the maxillaries,' by the invariable presence of

zygomatic arches, aad by the wide unoccupied space exist-

ing between the alveoli of the incisors and the molar teeth,

and (except in Lagomorpha) by the anteroposteriorly

elongated glenoid cavity. Post-orbital processes of the

frontals exist only in the Squirrels, Marmots, and Hares;

in all other genera they are rudimentary or altogether

absent; the zygoma never sends upwards a corresponding

process, and the orbit in all is freely continuous with the

temporal fossa ; the lachrymal foramen is alwaj-s within

the orbital margin ; in many species the infra-orbital

foramen is very large (in some as large as the orbit), and

Fig. 00.—Skull of Jlnstrtx ertsfata {In+.). f. temp Tai muscle ; m, massctcr.
m', portton of mdssclcr tr.insniiltcU thronch the infra-orbital foramen, the
supeiior masilUry nerve pasaiiig oulwanls between it and the inaxiUaiy bone.

transmits part of the masseter muscle ; the zygomatic arch

is variously developed, and the position of the malar in it

is used as a distinguishing character for grouping the

families ; the nasals are, with few exceptions, large, and
'extend far forwards; the parietals are moderate, and there

is generally a distinct interparietal ; the palate is narrow
from before backwards,—this is especially pronounced in

the Hares, where it is reduced to a mere bridge between
the premolars,—in other?, as in the great Rodent Moles
(Bathyr-ginx), it is extremely narrow transversely, its

width being less than that of one of the molar teeth

;

tympanic bullae ossea are always present and generally

large ; in some genen, as in the GerbiUes (Gerhillina:) and
Jerboas {Dipodinie), there are supplemental mastoid bullre

which form great hemispherical bony swellings at the back

of the skull (see fig. 89, Per) ; in these genera, and in the

true Hares, the meatus auditorius is tubular and directed

upwards and backwards. The mandible is characteriztd

by its abruptly narrowed and rounded symphysial part

supporting the pair of large incisors, as well as by tho

small size of the coronoid process and great development
of the angular portion.

The dental formula varies from i f, c §, pni f, »ra §
(total 28) in the Hares and Rabbits to i \, c §, pm §,

m f (total 12) in the Australian Water-Rats; but in

the vast majority of the species it presents striking

uniformity, and may be set down typically as i i,
<; g,

pm
J-

or §, TO §. In Lagomorpha only are there more
than a single pair of incisors, and in them the additional

pair are small and placed quite behind the middle pair,'

and in this group alone does the enamel extend even

partially to the back of the tooth ; in all others it is

restricted to its front surface, and so, by the faster wearing
away of the softer structures behind, a chisel-shaped edge

is always maintained. Both the upper and lower incisors

are regularly curved, the upper slightly more so than the

lower, and, their growth being continuous, should anything

' Professor Huxley itmarks {Proc. Zocl Soc, 1880, p. 655) :—
" The decidaoas molars and the posterior deciduous upper iacisors of
le Rabbit have long been known. But I Lave recently found that
a&bom Rabbits possess, in addition, two anterior upper and two lower
ileciduous incisors. Both are simple conical teeth, the sacs of which
we merely embedded in the gum. The upper is not more than one-

bandredth of an inch long, the lower rather larger."

prevent the normal attrition by which their length is

regulated, as by the loss «f one of them, or by displace-

ment owing to a broken jaw or other cause, the unopposed
unused incisor may gradually curve upon itself until a
complete circle or more has been formed, the tooth,

perhaps, passing during its growth through some part of

the animal's head. Tlie molar teeth may be rooted or

Fin. 91.—Vertical nnd lon;;itudinal Section throucli SJiuU of Ca-itor filer, shoninfc
t'— •ccrcbml caTltf. the grcutly-dcveloped lurbinal ]anielI,'C. the mode of
Implantation of tlio laj"gc cvci'-growing chiacl-cOged incisoi', and the cuireti
roorlcss molai-s. •

rootless, tuberculated or laminated ; and this diversity of

structure may be noticed even in the same family. When
there are more than three back teeth those which precede

the last three have succeeded milk teeth, and must there-

fore be considered premolars. In some species, as in the

Agoutis {Dasyproctidx), the milk teeth are long retained,

while in the allied Cavies (Caviidx) they are shed before

birth.

There are generally nineteen dorso-Iumbar vertebrae (13
thoracic and 6 lumbar), and their forms vary in the

different genera ; in the cursorial and leaping species the

lumbar transverse processes are generally very long, and
ill the Hares there are large compressed hypapophyses.

The caudal vertebrje exhibit as much variety as- in

Insectivora, from their rudimentary condition in the

Guinea-Pig to their great size in the Jumping Hares and
prehensile - tailed Porcupines. The scapula is usually

narrow, with a long acromion ; the clavicles may be
altogether absent or imperfect, as in the Porcupines, Cavies,

and Hares, but in most species they are well-developed;

the humerus has no supracondylar foramen, and the fore-

arm bones are distinct; in most species the manus has

five digits with phalanges normally developed, the poller

rarely rudimentary or absent. In contrast to the normal
condition of the pelvis in Insectivora, we find here largely

developed ischiatic and pubic bones, with a long usually

osseous symphysis ; the femur varies considerably in form,

and there is generally a well-defined third trochanter ; in

the Sciurine and Hystricine Rodents the tibia and fibula

are distinct, but in the Rats and other Murines, and in

the Hares, these bones are united, often high up ; the pes

is much more variable than the manus, the digits varying

in number from five, as in the Squirrels and Rats, to four,

as in the Hares, or even three, as in the Capybara,

Viscacha, and Agouti ; in the Dipodidse the metatarsals are

greatly elongated, and in some of the species, as in the

Jerboas, they are ankylosed together.

The mouth is divided into two cavities communicating by
a constricted orifice, an anterior containing the large incisors

and a posterior in which the molars are placed, the hairy

integument of the face being continued inwards behind the

incisors. This evidently prevents substances not intended

for food getting into the mouth, as when the animal is

engaged in gnawing through an obstacle. In the Hares

and Pacas the inside of the cheeks is hairy, and in some
species, as in the Pouched Rats and Hamsters, there are

large internal cheek pouches lined with the hairy integu-

ment, which open near the angles of the mouth and extend

backwards behind the ears ; in the New-World Pouchfid

Rats {Geomyidx) tho pouches open externally on the chaeks.
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The tongue presents little of that varicibility in length

observable iu the preceding orders; it is characteristically

short and compressed, with an obtuse apex never protruded
beyond the incisors ; in most species there are, as in

Insedivora, three papilL-e circumvallatre at the base ; and
the apical portion is gene.rally covered with small filiform

pipillifi, Rome of which in the Porcupines {Hystrix) become
greatly enlarged, forming toothed spiues. The stomach
varies in form from the simple oval sac of the Squirrel to

the complex ruminant-like organ of the Lemming. In the

Water- Vole (Arvicola am]yhibius) and in the Agouti {Dafy-

procla agouti) it is strongly constricted betweei: the

oesophagus and pylorus; in the common Dormouse the

oesophagus immediately before entering the stomach ia

much dilated, forming a large egg-shaped sac with thickened

glandular walls, and in some other species, as in Lojihiomys

imhausi and in the Beaver, glandular masses are attached

to and open into the cardiac or pyloric pouches. All

Rodents, with the exception only of the species of Dormice
(Myoxidx), have a caecum, often of great length and saccul-

ated, as in the Hares, Water-Voles, and Porcupines, and
the long colon is in some, as in the Hamster and Water-
Vole, spirally twisted upon itself near its commencement.
The liver is ty[>ically divided in all, but the lobes are

variously subdivided in the different species (in Capromys
they are divided into minute lobules); and the gall-bladder,

though present in most, is absent in a few. In most
species, as in many Insedivora, the penis (which is generally

provided with a bone) may be more or less completely

retracted within the fold of integument surrounding the

onus, and lie curved backwards upon itself under cover of

the integutnent, or it may be carried forward some distance

in front of the anal orifice, from which in the breeding

season, as in the Voles and Marmots, the prominent testi-

cular mass separates if. The testes in the rut form
projections in the groins, but (except in Lagomorpha) do
not completely leave the cavity of the abdomen. Prostatic

glands and, except in Lagomorpha, vesiculoe temiuales are

present in all. The uterus may be double, each division

opening by a separate os uteri into a common vagina, as

in LeporiJx, Sciicridce, and Hydrochoerus, or two-horned, as

in most species. The mammary teats vary in number from
the single abdominal pair of the Guinea-Pig to the six

thoracico-abJominal pairs in the Rats. In the Ododontidx
the teats are placed high up on the sides of the body.

The peculiar odour evolved by many Rodents is due, as

in the Insedivora, to thn secretions of special glands, which
may open into the prepuce, as in Mus, Arvieola, Cricetus,

kz., or into the rectum, as in Ardomys and Aulacodus, or

into the passage common to both, as in the Beaver, or into

pouches opening near the anus, as in the Hare, Agouti,

and Jerboa.

The integument is generally thin, and the panniculus

carnosus rarely much developed. The fur varies exceed-

ingly in character,—in some very fine and soft, as in the

Chinchillas and Hares, in others more or less replaced by
spines on the upper surface, as in the Spiny Rats and
Porcupines ; in several genera, as in Xerus, Acomys,
Platacanthomys, Echiothrix, Loneheres, and Eehinomys, the

spines are flattened. In the muscular structures the chief

peculiarities are noticeable in the comparatively small size

of the temporal muscles, generally so largely developed in

Insedivora, and in the great double masseters, which are

the principal agents in gnawing ; the digastrics also are

remarkable for their well-defined central tendon, and in

many species their anterior bellies are united between the

mandibular rami ; the cleidouiastoid generally arises from
the basi-occipital, and the pectoralis major is connected
with the latissimus dorsi ; ii! the Porcupines and Hares
the tendons of the flexor dieitorura longus and llesor

Lallucis longus are connected in the foot, while in the

Rats and Squirrels they are separate, and the flexor

digitorum longus is generally inserted into the halluceal

metatarsal. (See Dobson, Journ. Auat. Phys., vcl. sviL)

SuBOKDER I. RODEKTIA SIMPLICJDEXTATA.

Rodents with two incisors only in tho upper jaw, having their

enamel confined to tlitir front surfaces. The incisive foramina are

moderate and distinct ; the fibula does net articulate with the os

calcis; and the testes are abdominal, and descend periodically only
into the inguinal canal.

Section I. Scitrr.OMonpHA.

Zj'gomatic arch slender, chiefly formed by the malar, which is

not supported by a long maxillary process extending backwards
beneath it; post-orbital processes present or absent; infia-orbital

Fig. 92.—Skull of Arctomyi monax.

opening small (except in Anomahirns) ; mandible with the angulai-

part arising from the inferior surface of the bony socket of the lower

incisor ; clavicles well-developed ; fibula distinct.

FamilifX. Anomaluridje.

Arboreal Rodents, having their limbs connected by a cutaneous

expansion supported by a cartilaginous process arising from the

olecranon; with a long hairy tail having large scales on its inferior

surface near its root ; with sixteen pairs of ribs, and without post-

orbital processes of the frontals ; pm \ ; molars not tuberculate,,

with transverse enamel folds. Ethiopian.

Fi<3. 93.

—

Anomalwui /uJgtni (i-cdiu ^ij. Ai :un, Proc. Zoot, Sec, 1875.

AnoinnltLTUs, with (?) five aperies from West Africa, alone re.

presents the family. The peculiar caudal scales, which evidently
assist tho animal in climbing, and the position of the cartilaginous
•support of tho parachute, are well shown in the above woodcut
{f^Z- 03).

XV. - 53
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Familtj 2. SciuniDJB.

Arboreal or ferrestriaf liodents, witU cjUnJrical Iiniry tails,

witliout scales, ami with twelve or thirteen "pairs of libs. Skull

n-itli'distinct post-orbitnl jirocesses ; iufra-orbital oiiening small

;

palate bioaJ ; pm f ; first upper premolar very small or deciduous

;

inolais rooted, tubercular.

I» Subfamily 1. SciurinsB.—Incisors compressed, form slender,

lail long and liairy. (Truo Sciuirrels). • Cosmopolitan (excluding

Austr.iliau region).

. There are four genera."' Pteromys,—limbs united by a cutaneous

exi)ansion forming a parachute, the supporting cartilage of which

springs from the carpus,— includes the Flying Squirrels of both

hemisjihcres. Sciurus, with more than eighty species, comprises the

true Tree Squirrels. To this group also belong the Short-eared

Squirrels of the genera Xotts and Tamias ; the first-named,

distinguishcil from Sciurus by possessing only two pairs of mani-

niary teats, by the comparatively short tail, and by the fur being

mixed with ilattened spines, includes a few African species which
live in burrows ; Tamias, separated by the presence of large internal

cheek-pouches, includes the well-known Ground Squirrels of North
America, of which one species {T. asialicus) extends into North
Europe and Asia. See Sgi'ilU'.EL.

Subfamily 2. Arctomyinse.— Incisors not compressed; form
stout ; tail short (.Marmots). I'aliearctic and Nearctic.

Spcrmophilus, distinguished by its large cheek-pouches and by
the absence or rudimentary condition of the pollex claw, resembles

Tamias in the slender form of the body, and connects the Marmots
with the true Squirrels. The distribution and habits of the species

are similar to those of Tamias. Cijnomys, with shallow cheek-

Iiouches, long pollex claw and stout form, includes the well-known
'rairie Dogs peculiar to North America, which live together in large

communities, inhabiting burrows which they excavate at short

distances apart ; they feed on the buffalo-grass which covers the

plains. The small burrowing owl (Athene cunieularia) and the

rattlesnake are often found inhabiting their burrows, the former

prob.ably availing itself of the convenience of a ready-made habi-

tation, the latter coming there to feed on the young Marmots.
Arclomys, distinguished by its rudimentary pollex, includes tl»e

true Marmots. _ See Marmot.

Familij 3. HArLODONTiDi.
Terrestrial Rodents, distinguished from Sciuridx by the absence

of post-orbital processes, the depressed form of the skull, and the

rootless molars. Premolarsf, the first upper one smalh
Haplodon, with JI. rii/us, from North America west of the Rocky

Mountains, alone represents the family. The habits of the single

species are similar to those of the Prairie Dog.

Family 4. Castokid^;.

Natatorial Rodents, with massive skulls, without post-orbital

processes, with mandibular angle rounded, and with semi-roeted or

rootless molars with re-entering enamel folds ; pm \. «

Castor, with one species only, C. fiber, the Beaver of the northern

parts of Asia, Europe, and America. The upper molars aro

subequal, each with one internal and two external enamel folds

;

the stomach has a large glandular mass situated to the right of the

oesophageal orifice ; the anal and urethro-genital orifices open within

a common cloaca ; the tail is broad, horizontally flattened, and
naked ; and the hind feet are webbed. See Beaver.

Section II. MyOMonpHA.
Zygomatic arch slender, the malar rarely extending far forwards,

aud usually supported below by the long zygomatic process of the

Flo. 94.—Skul) of Fiber tibtthta.: Kamral tii».

naziUaiy I ao post-orbifal processes ; infra-orbital opeitin^ TaxU.r

able ; mandible with the angular part arising from the inferior

surface sf the bony socket of the lower incisor Cexcept Sn
i

Bath'tcrniiixV, clavicles well-developed («tceptlnlop/iioj)i.i/«); tiUa

aud fibula united.

Family 1. J1vo.xid.e.

Arboreal Rodents, with long hairy tails, large eyes nnd^ears, anfl

short fore limbs. The intestine is without a caecum ; the skull has

contracted frontals; the infra-orbital foramen is moderate, high, and
narrow ; and the mandible has a long and slender coronoid process.

Pill I ; molars rooted, with transverse enamel plates. , Palaarctit

and Ethiopian.

There are four genera :

—

Myoxus, with M. glis of Europe, with

bushy, distichous tail, simple stomach, and large inolai's with welU
marked enanud folds ; i/uscardlnus, with J/, arcllanarius, tli»

common Dormouse, distinguished by the cylindrical bushy tail and
thickened glandular walls of the cardiac extremity of the (esophagus;

£!iomys, with about six species, with tufted and distichous tail,

simple stomach and smaller molar teeth with concave crowns and
faintly marked enamel folds ; and Grnpliiuriis, with two snecies,

with short cylindrical tail ending iu a pencil of bair«, anil very*

small molare almoat vithoat trace of enamel folds. The Dormice

form a very natural family, distinguished from all other Rodents

by the absence of a coecum. In their habits aud form^the^evidentljf

closely approach the Squirrels. ^
^

r "

Family 2. Lophiomtidje.

Arboreal Rodents, with rudimentary clavicles and rootM
tuberculate molars. Premolars none. Skull mnrine In form, but

the temporal fossa; are completely arched over by thin plates uisinK

from the temporal ridge and mahr bone. Intestine with a sraaH

caecum.

^<-

Fig. 05.—Lophiomt;s imfiausi (reduced). A. Jlilne-Edward*

lophioipys, with Z. imhausi (fig. 95), alone represents the

family. This very extraordinary species from north-east Africa diflem

from all other Rodents in the peculiar granulated plates which cover

the temporal fossae, and from all the species of the section in the

rudimentary condition of the clavicles as well as iu the possession

of an opposable hallux. The hair is very peculiar in structure, an

)

forms a crest along the back and tail. For full description see A

,

Milne-Edwards, L'Institut, xxxv. p. 46.

Family 3. Mup.id.e.

Rodents of various habit, but generally terrestrial ; with con-

tracted frontals, with the lower root of the maxillary zygomatic

process more or less flattened into a perpendicular jilate ; with a

short and slender malar, generally reduced to a splint between the

maxillary and squamosal processes ; witli (in typical forms) a high,

perpendicular infia-orbital foramen, wide above and narrow below;

with compressed lower incisors and rooted or rootless molars,

tuberculate or with angular enamel folds. Premolars Qooa (except

in Sminthinw)
;
pollex rudimentary ; tail generally sub-naked aud

scaly.

This large family includes more than one-third of all the species

of Rodents, and is represented by thirty-five genei-a-of cosniopolit««

distribution. These fall into two sections corresponding to the

TBOted or rootless condition of the molars.

I. Molars rooted.

Snbfamnj 1. tjmintliinee.—/^ \, m J; infra-orbital opening

subtriangular, widest below; incisive foramina long.

. Smintlius, witikione species, S. vagus, a Rat-like Rodent inhabit-

ing northern Asia and Europe.
Subfamily 2. Hydromyinse. ~M {, divided into transvem

lobes; infra-orbital opening crescen'ic, scarcely uai rowed above;

incuive foramina vciy small.
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Hydromys, with two species from Australia, Tasmaiiin, and New
Guinea, includes the Water-Rats of the Australian region, with
partially webbed toes. They are distingitishej iU'OiD all othei

Rodents by the small number of their molars.

Subfaniily 3. Platacanthomyinss.—^1/ J. with transverse
lamina; ; fur mixed with llattencj spines ; fail densely hairy.

r/ataca)ithomt/s, with P. Idsinrus. a small 0ormousc-likc species

from western Imli.i, inhabiting tiie rocky mountains of Travancore.
Subfamily 4. GerbillinaB.— Incisors narrow, molars with trans-

verse laminae : auditory bulla; osseas usu.illy largo ; hind limbs
elongated ; tail generally long aud hairy. Pal.xarctic, Indian, and
Ethiopian.

Gcrbillus, with nearly fifty species, has a range coextensive with
that of the subfamily. Puchyuromys is distinguished by the

enormous size of the auditory bulla;, as well as by the short flCiiliy

club-shaped tail. Myslromys, Olomy.i, and Dasymys differ in tlic

form of the molars, and aro represented by a few species, all from
South Africa.

Subfamily 6. Phlseomyinse.— Incisors broad, molars witli

transverse faminnc ; claws large. Indian.

Phlxomys, with P. cuminrjii from the Philippines, ana Kcsol-in,

with eight species widely distributed throughout the Indian Region.

The latter (distinguished from the former genus by the short,

snbnaked, scaly tail) includes the Great Bandicoot Rat of India

(.V. bandicota).

Subfamily 6. Dendromsrinas, —Incisors convex in front, molars

tuberculate ; ears hairy ; claws long. Ethiopian.

Three genera, Dcndromys, Slcalomys, and Lophurnmys, include

several species of small Mouse-like Rodents with the habits of

Dormice generally, though some burrow in cornfields.

Subfamily 7. Cricetinae.—Molars tuberculate. Large internal

cheek-pouches. Paloearetic and Ethiopian.

Of the three genera, Cricctiis, Snccostormis, and Crkclomys, the

last is distinguished from the otliers by the grooved upper incisors,

while Saccostomus is separated from Cricdtis by the tubercles of

the molar teeth being arranged in threes. The cheek pouches in

Cricetus are very large, and their walls are connected with muscles

arising from the lumbar vertebrae. The best-known species is

C. frumcnlariius. See Hamstek.
Subfamily 8. Mvirinae.—Molars tuberculate, at least in youth.

Cheek-pouches absent Tail scaly, more or less naked. Cosmo-
politan.

This includes the typical murine forms, divided into fifteen genera

with over three hundred species, of which nearly half, however, aro

contained in the genus Jllus. M. dccumanus^ the common Grey Rat,

and M. miisculits (see MorsE) are familiar examples which have been
introduced in ships into almost every part of the habitable world.

In Acomys the skull and teeth are as in Mus, but the fur is mixed
with sharp flattened spines. A. dimidiatus presents the appearance
of a little Hedgehog when its spines are erected ; it inhabits the

stony deserts of Arabia Petrjea and Palestine, and feeds on bulbs.

Echtothrix, Uromys, and Hapalolh, the lattcr-with about a dozen
species, are limited to the Australian region. Brachytarsomys,
Kesomys, Hallomys, and Jfypogcomys, each with one or two species,

are peculiar to Madagascar, where they alone represent tlie order.

Drymomys, Holochcilus, Oehrtodon, and Jlcspcromys are New-AVorld
genera, tlu last-named including many species representing the

Old-World Mice, but distinguished by the indenting enamel folds

of the molars. Of the remaining genera, Pcithrodon, with grooved
I

incisors, includes two very remarkable Rabbit-like species, one
inhabiting Patagonia, the other Ticna del Fuego.

1 1. SIfoJars Scmi-Jiootcd or JtoolUss.

Bnhfamfly 9. Arvicolinse.—Molars composed of triangular

prisms placed ulteruati'ly ; limbs moderate j tail moderate or short,

hairy. Pola'arctic and Nearctic.

Arvicola, with over thirty species, includes the Voles, of which
the Field-Vole {A. ayrcstis) and the Water-Volo (A. amphibhis)

,

are well-known examples (see Vole), ilyodes, distinguished by I

the hairy foot-sole, includes two Kjiecies, of which M. Icmmiis, of

the Scandinavian Peninsula, is remarkable for its extraordinary

migrations (see Lemming). Fiber is represented by a single large

species, /'. zibcthicu.i (see fig. 94), the Musk-Rat, or Musiuash, a
lieavcr-like Water-Rat with webbed toes, but a laterally flattened

tail, inhabiting the banks of rivers and lakes in North America,
and constructing dome-roofed dwellings like those of the Beaver

;

, it is much hunted for its fur.

Subfamily 10. Siphneinse.—Jlolars as in ArvicoUnie; form
cylindrical ; car-conch rudimentary ; limbs and tail very short.

Paln;arctic.

Kllobhcs, with »hort claws, connects the species of thissnbfamily
of lossorial Molc-likc Rodents with iht} Ari-icolinte. SipknruSf on
the other hand, leads to the next finiily, which includes the true
Mide-Rats; the Kpecies, which chiefly inhabit northern Asia, closely
resemble the Golden JIolcs (Chrysochhris) in general form and in
thi' gn it devclopinciit of the cl«w» of the fore lect (compare fig.

90 with fig. 04,
i>.

411.^).

Family 4. SpALArin*.

Bodent Moles, with very small or rudimentary eyes and car-
conclis, large claws, and short or rudimentary tail. Form
cylindrical. Incisors large ; molars rooted, with re-enteriiifl

enamel folds
;
palate narrow.

Subfamily 1. 9paiacinffi.—Angular part of the mandible arising

from the lovrct eJ^e of the socket ol the lower incisor. rala;arctic,

Tndiari,' and Ethiopian

Spalax, with 6'. lyphlus of south-cast Europe, agrees with the

insectivorous Golden Moles in the comtdete externiil abseuco of the

eve which is covered by the haiiy skin, sliowiug similar ada|>tive

i'lc. OG.—Sipfmcu^ armandii (reduced). A. Milne-EdwunU, Uamittif. Tthct.

modification in widely removed species. In PJtizumys, includin);

several species from China, Tibet, Malay Peninsula, and eastern

Africa, the eye is very small.

Sublamily 2. Bathyerginae.—Angular part of the mandiblo
arising from the side ot the socket of the lower incisor. Ethiopian.

Bnthycrgus, with B. maritimus, the Great Rodent-Mole, inhabit-

ing the sand-dunes along the coast in the vicinity of the Cape of

Good Hope, is distinguished chiefly by its grooved incisors from
the other species included in the genera Gcoryclins ami Ilclio/i/whius,

the former with several, the latter with one spjcies, and difl'cring

from both in the presence of two or three premolars.

Family 5. GEOMTin.E.

Terrestrial or fossorial Rodents, with large cheek-pouches
opening on the cheeks outside the mouth. The squamosal bones
are much expanded, and the m.itars extend forwanls to the

lachrymals. Pm | ; molars rooted or rootless. Nearctic ami
Neotropical.

Subfamily 1. Geomyinse.—Incisors broad ; mastoid not appear-

ing on the top of the skull ; eyes small; ear-couch rudimentary;
limbs short, subcqual. Fossorial.

Gcomys bursarius, the common Pouched Eat of North America,
with deeply-grooved incisors, inhabits the plains of the Mississippi,

living in burrows like the Mole. Four other species from tlio

Southern States, Jlexico, and Central America are recognized.

Thomomys talpoidcs, with plain incisors, extends all over Canada
and North America west of the Rocky Mountains.

Subfamily 2. Heteromyinse.— Incisors narrow; mastoid appear-

ing largely on the top ot the skull ; eyes and ears moderate or

large ; hind limbs and tail elongated. Terrcstri.al.

Dipodomys lias the molars rootless; D. phiVipsi is the Ksngaroo-

Rat of the desert regions east of the Rocky Mountains. Pcroynal/ins

and Kctcromys have rooted molars; the latter genus is distinguished

by the presence of flattened sjiines amoug the fur, with species

extending into South America,

Family 6. DH'ODICE.

Terrestrial leaping Rodents, of .slender form, w itli elongated hind
limbs. The incisors are comprrsscd, the molars have transverse

enamel folds, the infra-orbital opening is rounded and very large,

the malar ascends in front to the lachrymal in a flattened per-

pendicular pl.ite (sec fig. 89, p. 415), and the mastoid part of the

auditory bulla is usually greatly developed.

Subfamily 1. Zapodinee.— Molars rooted ; cervical vcrtcbne

free ; metatarsals separate ; hind feet with five digits. Nearctic.

Znptts hudsoniKS, the American Jumping-Mouse, extends over

almost the whole North-American continent from Labrador to

Mexico.
Subfamily 2. Dipodinse.— Jfolars rooted ; cervical Tcrfchias

more or less ankylosed ; metatarsals nnitnl ; Iiind feet with three

functional digits only. Pahearctic and ICthinpian.

This includes the true Jerboas. It contains three (jencia : Di^iiit
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with three toes, and A!ac[aga and Plabjurcomys with five, the Inst-

nained distinguished by tlie total absence of premolars, comprising
many species extending from Siberia to Nubia.

Subfamily 3. Pedetinee.—Molars rootless ; cervical vertebrm
free; metatarsals separate ; hind feet with four digits. Ethiopian.
Peddcs coffer, the Cape Jumping Hare, by far the largest species

of the family, extends from Mozambique and Angola to the Cape of

Good Hope. See Jeuboa.

Section III. Htstricomorpha.
Zygomatic arch stout ; malar not supported below by a continna-

tiou of the maxillary zygomatic process ; infra-orbit.il opening large
;

FlQ. 97,—Skull of Ilydroch(Erui eapybara (reautcd).

mandible with the angular part arising from the outer side of tlie

bony socket of the lower incisor ; clavicles perfect or imperfect

;

6bula distinct.

Family I. OCTODONTID.E.

Terrestrial, rarely fossorial or natatorial Kodents, with perfect
clavicles and long incisive foramina extending into the maxillaries.

Malar with an inferior angle ; molars with external and internal
«namel folds ; mammary teats placed high on the sides of the body.

Subfamily 1. Ctenodactylinaa.—Molars semi-rooted ; malar as
in Dipodulss ; the'two inner toes of the hind feet with a horny comb
and rigid bristles. Ethiopian.

CUnodactylu3 gmidi and Peclinator spckei, both from Korth
Africa, alone represent the subfamily ; the peculiar comb-like inner
toes are used in dressing the soft fur.

Subfamily 2. Octodontinae.—Molars semi-rooted or rootic-x
Tfith simple enamel folds ; fur soft. Ethiopian and Neotropical.

There are six genera, including several species of Rat-like Rodents.
Octodon cumingii, common in Chili and Peru, about the size of a
Rat, lives like Eabbits in large communities. Pdromys typicus is

the only African representative.

Subfamily 3. Echiomyinae. Molars semi-rooted' or rooted,

with deep, curved enamel folds ; fur more or less harsh, often mixed
with spines. Neotropical and Ethiopian.

Aulacodus, with A. sioinderiamis, the Ground-Kat of western
Africa ; the remaining nine genera are all Neotropical. Of these
Myopotamics includes M. coypu, about 2 feet in length, the largest
species of the family, common in South America, living in burrows
near water, and feeding on aquatic plants. Capromys piloridcs,

nearly as large, is arboreal in habits, and inhabits Cuba and Hayti,
where it is the largest indigenous mammal ; tlie species of this
pcnus are remarkable for the manner in which the liver is divided
into minute lobules. Plagiodoniia scdium is peculiar to Hayti and
Jamaica, and in the latter island (besides Bats and Mice, the latter

probably introduced) appears to be tlie only indigenous mammal.
In Lonchi-res and Echinomys most of the species have the fur mixed
with flattened lanceolate spines.

Family 2. Hv6TP.icid.e.

Terrestrial or arboreal Rodents, of stout form, with subequal limbs
«nd more or less spiny integument. Malar without an inferior angle;
the facial part of the skull short and broad ; molars with external
md internal enamel folds.

Subfamily 1. Spingurinse.—Molars rooted; clavicles perfect;
joles of feet tuberculatel ; teats four; tail generally prehensile.
Arboreal. Nearctic and Neotropical.
There arc three genera, including several species. Of these

Ercthizon dorsalii-s, the Urson, is distributed all over the forest
regions of North America ; Syiiethfircs ( = Cercolaics) prehensilis,
the W'.'ll-known prehensile-tailed Porcupine of South America
(fig. 9Sj, has the whole upper surface of the body protected by long
ivhite-tipped spines ; Chmtomys subspinosns is clothed with btrong
•ary bristles; in the last tws genera the feet have four digits only.

Subfamily 2. Hystricinse.—Molara scmi-iooted ; clavicles
imperfect ; solos of fcit smooth ; teats six ; tail not prehensile.
Terrestrial. PuKtarotic, Indian, and Etiiiopian.

Jlyslnx ciislula, the Common Porcupine of southern Europe nna
northern Africa, is tj-pical of tlds genus, which includes several other

Flc. &8—Si/nelhercs prcheniilis,

species from, the Indian region. The spines are cylindrical, the tail

short and covered with spines and slender stalked open quills. >n
Athcrura fasciculata of the Malay Peninsula the spines are flattened,
and the tail is long and scaly, with a tuft of compressed bristles.

A closely allied species, A. africana, inhabits western Africa. Seo
Porcupine.

'Family S. Chinchillid^.
Terrestrial Rodents, with elongated hind limbs, bushy tails, very

soft fur, and perfect clavicles. The malar is without an inferior
angle, and extends forwards to the lacrymal ; the palate is con-
tracted in front and deeply emarginate behind ; the incisors are
short, and the molars divided by continuous folds into transverse
laniinte. Neotropical.

This small family includes only three species, divided into as
many genera. Chinchilla lanigera and Lagidium pcruanum are
restricted to the alpine zones of the Andes from the northern
boundary of Peru to the southern parts of Chili, and Lagosiomvs
trichodadyhm, the Viscacha, to the pampas from the Uruguay
river to the Rio Negro. In Chinchilla the fore feet have five and
the hind four digits, the tail is long and buihy, and the auditory
bulla; are enormous, appearing on the top of the skull ; Zagidittm
has four digits in both fore and hind feet, and Zagostomus three
only in the hind feet, while the auditory bulice are much smaller.
Seo Chinchilla.

Family 4. Dasyproctid.s.

Terrestrial Rodents, with subeqnal limbs, hoof-like claws, short
or obsolete tail, and rudimentary clavicles. Jlandibular masseteric
ridge obsolete

;
palate broad ; incisors long ; molars semi-rooted,

with external and internal enamel folds. Neotropical.
With two genera:—/)««;//)!'oda, including several species of slender-

limbed, subungulatc Rodents with three hind toes, inhabiting
Central and South America, one (D. cnslala) extending into the
West-Indian Islands ; and Ccelogcnys, with five hind toes, remark-
able for the extraordinary development of its zygomatic arches,

which are enormously expanded vertically, forming gi'eat convex
bony capsules on the sides of the face, enclosing on each side a

large cavity lined with mucous membrane internally, and com-
municating by a small opening with the mouth ; C. paca is about
2 feet long, and, like the species of Dasyprocta, lives generally ii

the forests or along the banks of rivers.

Family 5. DlNOMYll).E.

Terrestrial Rodents, distinguished from Dasyproctidxhy the c\ett

upper lip and r.ither long and bushy tail, and by the presence of four

digits ill the foi-e and hind feet. The manubrium is broad ; the
optic foramina nvc conlluent, the incisors broad and the molars-

rootless, with folds dividing them into transverse lobes.
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TLis family incUules but a single Species, Doiomj/s h-anichii,

linowu only from a single specimen obtaiiicil in I'oiu, wliioh

xe%emh\v% Calorjcniis paca \\\ the general form of its bojy and in

size. It is regariled liy itstlescriber, I'vofcssor Peters, as a coiineet-

ing link between tlie families Udodonlidx, Ckincldllidce, Vusij-

proctidse, and Caviidx.

Famihj 6. CAVtlDji

Terrestrial or natatorial Rodents, with short incisors, stron"

mandibular masseteric ridges, long and cnrved paroecipitals, and
palate contracted in front. Fore feet with four digits, hind feet

with three ; clavicles imperfect : molars divided by enamel folds

into transverse lobes ; milk teeth Sihed bclbro birth. Other
characters as in Das'jproctula:. Neotropical.

Cavia, limbs and ears short, sube(]u.il, tail none, includes several

species widely distributed throughout South America, extending

ci'en to the Straits of Magellan, from one of which (C ripcrm, prob-

ably) the common Guinca-Pig is derived. Dolichotis has the limbs

and ears long, tail very short, with />. patngoiiica, a large species,

nearly 3 feet long, inhabiting the gravelly plains of Patagonia,

'llie palate is so much contracted in front that the premolars of

opposite sides touch by their antero-internal edges, ihjdrocharns,

with all the feet fully webbed, also includes a single species, which
is the largest of living Rodents. The skull (fig. 97) is distinguished,

:iot only by its great size, but also by the enormous development of

the paroccipital processes. See Cavy and CaI'VBAra.

Suborder II. RODENTIA DUPLICIDENTATA.

Rodents with four incisors in the upper jaw (two of them very

small, and placed directly behind the Large middle pair), the enamel

of which extends round to their posterior surfnrrs. At birth there

are six of these incisors, but the outer one on each side is soon lost.

The incisive foramina are large and usually conflupnt ; the bony
palate is very narrow from before backwards ; there is no true

nlisphenoid canal ; the fibula is ankyloscd to the tibia, and articu-

lates with the 09 calcis ; and the testes are permanently external.

Section IV. LAGOMonniA.
Characters those of the suborder.

Family 1. Lagomyid^

Terrestrial Rodents, with complete clavicles, subequal limbs, no
external tail, and short cars. Skull depressed, fiontals contracted

and without post-orbital processes
;
pm,\- or* ; molars rootless, with

transverse enamel folds. Palaiarctic and Nearctic.

Lagom'js, with about a dozen species of small Guinea-Fig-like
animals, inliabiting chiefly the mountainous parts of northern Asia
(from 11,000 to 14,000 feet), one sjiceies only being known from
south-east Europe and one Irom the Itocky Mountains.

Famuli 2. LEror.iD.i;.

Terrestrial Rodents, with imperfect clavicles, elongated hind
limbs, short recurved tail, and long ears. Skull compressed,

Fig. D?.—Skull of Ltj>us timiJut.

frontals with large wing-shaped post-orbital processes (fig. 99)

;

pm 5 ; niolars as in Lagomyidiv. Cosmopolitan (except Australasia).

Lcpus includes about twenty species, which all resemble one
another in general external characters. In all the fore limbs have five

and the hind only four digits, and the soles of the feet are densely
dothed with luiirs similar to those covering the legs ; the inner
surface of the cheeks also is hairy. Although the family has such
a wide distribution, the greater number of the species are restricted

to the Palicarctic and Nearctic regions, and a single species only {L.

Wusilicnsis'j extends into South America. See IIaue and liAnnrr.

Fossil Rodentia.

Fossil representatives of all the above-defined families, with tho
exception only of the small groups included under Anomaluridse,
Jlaj'lodovJida:, Lophio)ni/id,x, Spalacida', and Dinomyidx, have been
described from various deiiosits. Of these the earliest have been
found in the Upper Eocene of Europe and America, and belong to

the fimily Sciiiridse. of which the genera Colonomijs, Tdxymya,
TiUoinijs, /'«

)((.'» J/.?, Jlclisioiiiijs, and Mij^yops liave been character-

ized from the Eocene of Nonh America, and Plcsiarciomys from
that of both ,\mevica and France, while examples of even the recent

genus Sciuriis have been found in beds of the same age in the latter

country. Other recent families have representatives in later

deposits, as Casloridx with SUncojibcr and Palsco7nys from the

Jlioeene of Europe and North America, Trotionolhcrium from that

of India, Clialicomys from that of Germany, and Eiicastor from
North America, Myoxidec with Myoxus and Miiridx with Ilomys,

DcclicH>, Orcomys, and Crkclodoii from the European JHoeene,

Ilystricidx with Ercthizon extending back to the Jlioeene of India,

Gcomyidx with Entnjytychns and rinirolicus and Dasyprodidx
with rnciculns from the Miocene of North America, Lagomyidis
with Titanomys and Myolagns from the European Miocene, and
Lcporidx with Falxolnrjus from correspondint' North American
beds. Later Tertiary .strata have yielded Rodent remains more
abundantly ; many of them referable to recent genera, or even

closely allied to or unJistinguisliable from existing species, have

been described from Brazilian bone-caves.

Besides those referable to existing families, several fossil remains

have been discovered which cannot be so classed. These have been

included in three families :

—

Ischromyidx with Pscxidotomvs from
the Eocene, and Ischromys and Gymnoptychus from"Uhe Miocene of

North America ; Thcridomyidx witii Theridomys extending from
the Eocene to the Pliocene of France, and Aichxomijs, Isndioi'omys,

and Dipoidcs from the Miocene ; and Cas'o7-uididx with Casioroidc

from post-Pliocene deposits of North America, and Amblyrhiza and
Loxoniylus from the bone-breechas of the island of Anguilla. The
first-named family appears to be intermediate between the Scinridx
and Castoridx ; the second is allied to Gcomyidm anA Divodidx;
and the last, connected with Chinchillidx, includes C^toroidcs

ohiocnsis, a species vastly exceeding in size the largest oiexisting
Rodents. A fourth family, Mcsothcriidx, including a single fossil

form, Mcsothcriiim cridalmn, also of large size, from the Pliocene

of South America, has been referred to this order, but it is evident

that an animal which, besides presenting many other structural

differences, possesses four lower incisors completely surrounded by
enamel, and in which the mandibular condyle is transversely

extendeil and the niaxillaries articulate freely with the nasals,

cannot be considered as coming under the definition of a Rodent.

Thus, like the Iixscciivora and Chiroptci'a, fossil remains of

Rodentia are found as far back as the Eocene period, and of these

some are even referable to one or more recent genera, and difl'er but

slightly from existing species, while all others are either capable of

being classed in recent families or arc more or less closely related

to them. It follows therefore (if the age of the beds in which these

rem.ain3 were found has been correctly determined) that, as in the

case of these orders also, the first appearance of true Rodents must
be sought for much farther back in time, and the question of their

descent must be deferred till the discovery of suUicient material

admits of reliable generalizations.

liiblio>^rapri)i of notkjitia.—C'. R. Watcrlioiise, "Observations on the Rodentia,'*

Mii'j. Aat. Jlisl., iji. (KSM); Id., Ann. iWiil. Ilisl., viil. and x. (1839-1'.'); Id,

"On the Gcoftrnithical Distribution of the Rodt-ntia," Proc- Zool. Soc, 1839,

rp. 1C2-174; M.. Xaliiral lllslory 0/ llie Mammalia, vol. il.. " Rodentia," (1848)

;

(jcrvais, Dtct. f'liiv. d'J/ift. Aal., xi., p. 202 (1818); Brandt, "Untersuchunficn
iiber die cianlologisclitn Kntwickelungsstufen tind Classificatinn dor Naffer der

.Jfti:wL-lt." Aft'iii. tie I'Acat/. Jmper. de St PeUrsbom-g (185.5); Lilljcborjr,

Sust<iitatixk (Efcersifiht af de Grtagande Ddagdjunn, Upsala, 18(16 Alston, "On
llie Classitication of the Order Olires," Proc. Zool. Soc, IS7C, pp. 61-33 ; Troucssart,
" Cntal. de Ronpcurs, Vivanta ct Fossilcs," Butlet, Soc. d'£Itidex Scifnl. d'Angcrs^

IS80-1'; various p&pcrs by Peters in Monafsb. Akad. ^Yisstnsch. Berlin, and by

Alston, Andeison, Blandfoid. A. Milnc-Kdwards, Thomas, and others, In Pi-oc.

Zool. Soc, Jout: Asiat. Soc. Bciig., Ann. Mag. Nat. Hist., &c.

[For the above sections on the Iiiscclivora, Chiroplcra, amX
Rodentia we arc indebted to Dr G. E. ro'json.l

Ordee UNGUL.'VTA.

Uudor this term may be incUuleJ provisionall}' a large and

rather lictcrogeneous group of mammals, tlio existing

members of which form the Pccora and Bellua: of Linnrcus,

the Ruminnntia and Paclnjihrmata of Cuvicr. A few

years ago it was found convenient to restrict tho order

to a well-marked and distinctly circumscribed group, com-

prising tho two scctioii-s known as Pcrissoilacdjia and

Artiodactijht, and to leave out such isolated forms as the

Elephant and Hj-rax ; but the discovery of a vast number of

extinct species, which could not be brought under tho defini-

tion of either Porissodactylij or Artiodactyle Ungulatca^
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ond yet me evidently allied to both, and which to a certain

extent bridge over the interval between these and the

isolated groups just mentioned, makes it necessary either

to introduce a number of new and ill-defined ordinal

divisions, or to widen the- scope of the original order so as

to embrace them all.

They are all animals eminently adapted for a terrestrial

life, and in the main for a vegetable diet. Though a, few

are more or less omnivorous, and may under some cir-

cumstances kill living creatures smaller and weaker than

themselves for food, none are distinctly and habitually

predaceous. Their teeth are markedly heterodont and
diphyodont,—the milk set being well developed and

not completely changed until the animal attains its full

stature. The molars have broad crowns with tuberculated

or ridged surfaces. They have no clavicles. Their toes

are provided with blunt, broad nails, or in the majority of

cases with hoofs, more or less enclosing the ungual

phalanges. The scaphoid and lunar bones of the carpus

are always distinct.

The whole group may bo divided into the Uiigulata Vera,

containing the suborders Perissodacit/la and Arliodactyla,

nnd a less well-known assemblage of animals which may
be called Subnngulata or

Ungnlata Polijdactyla.

Cope has pointed out a V-

character in the struc-

ture of the carpus by
which the latter are dif-

ferentiated Ifom the for-

mer. In all the Suhungu-

lata the bones of the

proximal and distal row
retain the primitive or

more typical relation to

each other (see fig. 100).

The OS magnum of the

second row articulates

mainly with the lunar

of the first, or with the

cuneiform, but not with

the scaphoid, while in

the group to which the

•vast majority of modern f,o. lOO.-niKht Fore Font ot Inaian Ele-

Ungulates belong the Pliant. xj. U, ulna; R, radius .c cuneiform;
®

J J. . ° , /.lunar; af, scaphoid; u, uticifonn; m.mair-
EeCOnd or distal row has num; ((/.trapezoid; Im, trapezium; I to V,

been shifted altogether fi'^t to fifth digit.

towards the inner side of the limb (see figs. 107 and 109),
BO that the magnum is brought considerably in relation

with the scaphoid, and is entirely removed from the cunei-,

form, as^n the great majority of existing mammals.

SUBUNGULATA.
By far the greater number of the Suhiingulata are extinct,

and of many of those whose former existence has been
revealed, chiefly by the labours of the American palaeonto-

logists, our kntiwledge is at present necessarily imperfect,

though daily extending. It will only be possible here to

give r.^y details of some of the more interesting or best.

known forms.

Suborder HYRACOIDEA.
This division is constituted to receive a single family of

mammals, the affinities of which have long constituted a
puzzle to zoologists. They were first placed among the
Rodents, to which animals their small size and general

appearance and habits give them much superficial resem-
blance. Cuvier's investigations into their anatomical
structure, and especially their dental characters, led him
ti. place them among the Ungulates, near the genus
l-htnoceros, a position still accepted by moTiy zoolo,<^ists.

Further knowledge of their organization and mode of

development has caused Milne- Edwards, Huxley, and others

to disassociate them from this connexion, and, failing to find

any agreement with any other known forms, to place them
in a group entirely apart. Paleontology has thrown no
light upon the aflinitics of this anomalous and isolated

group, as no extinct animals possessing their distinctive

characters have as j-et been discovered.

The dentition consists only of incisors and molars, the

formula in all known species being i \, c %, p *, m ^.

The upper incisors have persistent pulps, and are curved

longitudinally, forming a semicircle as in Rodents. They
are, however, not flattened from before backwards as in

that order, but prismatic, with an antero-external, an

antero-internal, and a posterior surface, the first two only

being covered with enamel ; their apices are consequently

not chisel-shaped, but sharp pointed. They are preceded

by functional, rooted milk teeth. The lower incisors have

Fig. 101.—Skull and Dentition of Dendi-ofii/rax dorsalii, x |.

long tapering roots, but not of persistent growth. They
are straight, procumbent, with awl-shaped, trilobed crowns.

Behind the incisors is a considerable diastema or interval.

The molars and premolars are all contiguous, and
formed almost exactly on the pattern of some of the

Perissodactyle Ungulates. The hyoid arch is unlike that

of any known mammal. The dorsal and himbac vertebrae

are very numerou:;, 2S to 30, of which 21 or 22 bear ribs.

The tail is extremely short. There are no clavicles. In the

fore foot, the three middle toes are subequally developed,

the fifth is present, but smaller, and the hallux is rudimen-

tary, although, in one species at least, all its normal bones

are present. The ungual phalanges of the four outer digits

are small, somewhat conical, and flattened in form. The
carpus has a distinct os centrale. There is a slight ridge

on the femur in the place of a third trochanter. The
fibula is complete, thickest at its -upper end, where it

generally ankyloses with the tibia. The articulation

between the tibia and ^tragalus is more complex than in

other mammals, the end of the malleolus entering into it.

The hind foot is very like that of Rhinoceros, having three

well-developed toes. There is no trace of a hallux, and

the fifth metatarsal is represented by a small nodule only.

The ungual phalanx of the inner (or second) digit is deeply

cleft, and has a peculiar long curved claw, the others

having short broad nails. The stomach is formed upon

much the same principle as that of the Horse or

Rhinoceros, but is more elongated transversely and divided

by a constriction into two cavities—a large left cid de sac,

lined by a very dense white epithelium, and a right pylorio

cavity, with a very thick, soft, vascular lining. The
intestinal canal is long, and has an arrangement perfectly

unique among mammals, indeed among vertebrated animals,

for, in addition to the ordinary short, but capacious and

sacculated caecum at the commencement of the colon,

there is, lowet down, an additional pair of large, conical,

pointed caeca. The liver is much subdivided, and there is
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no gall-bl;idcler. The brain resembles that of the typical

Ungulates far more than the Eodents. Thel testes are

permanently abdominal. The ureters open into the fundus

of the bladder as in some Rodents. The female has six

teats, of which four are inguinal and two axillary, and the

placeuta is zonary, as in the Elephant and Carnivora.

There aretwo distinct forms of Hyrax, difTering both in structure

and habits, and wliich may well be accorded generic rank.

1. Jlijrax.—Molar teeth having the same pattern as those of

Ithiiwccros. Interval between uiipcr incisors less than the width

of the teeth. Lower incisors sliglitly notched at the cutting edge.

V(frtcbr;E: C 7, D 22, L 8, .S 6, C 6. Of this form the earliest known
Species, H. capensis, is the type. There are several other species, as

//. sip'iacus and Imlcssiiiicus, from eastern Africa and Syria. They
inhabit mountainous and rocky regions, and live on the ground.

2. Uendiohyrax.—Molar teeth having the same pattern as Palsco-

llariuM (except that the tliirj lower molar has but two lobes).

Interval between upper incisors exceeding tlic width of the teeth.

Lower incisors with very distinctly trilobed crowns. Vertebr* :

C 7, D 21, L 7, S 5, C 10. The members of this section frequent

the trunks and large branches of trees, sleeping in holes. There

o(B several species, not distinctly defined, from western and south

Jl frica, as /). ttrboi-iUSznd.D. ilorsdis. The members of both groups

aiipear to have a power like that possessed by the Lizards called

C/eckos of clinging to vertical surfaces of rock.s and trees by the

soles of their feet. See Hvr.AX.

The anatomy of Hyrax was flist drsciibod by Pallas {SpUilegia Zoohgiea).

Itsides minor mcmoiis, two veiy detailed accounts of Its structure ha%-e recently

appealed— one by Brandt, in Mem. Acad, Xal. Scieri. Sf Peiersbouvg, series vii. vol.

JJv., No. 2. 18G9 ; and anotlier by George, in Annates des Sciences yatureltes,

(ftilesvl. loin. 1., 1874, In which references to all the previous literatuie will be

iaund. The meclnnism by which the sole of the foot is enabled to adhere to

Itnooth eui'faees Is fuliy rtescriUcd by G. E. DobsoD, Proc, Zool. Soc, 1876, p.

SfBORDER PROBOSCIDEA.

This name Las been appropriated to a well-marked group

of animals, presenting some very anomalous characters,

allied in many respects to the Ungulata, but belonging

neither to the Artiodactyle nor Perissodactyle type of that

order. It lias been thought that they possess some, though

certainly not very close, affinities with the Eodeniia, and

also with the Sirenia. It is certain, however, that the two

species of Elephant which are the sole living representatives

of the group, stand quite alone among existing mammals,
differing widely from all others in many points of their

structure.. In some respects, as the skull, proboscis, and
dentition, they are highly specialized, but in others, as in

the presence of two anterior vcnoe cavae, and in the struc-

ture of the limbs, they retain a low or generalized con-

dition. A considerable series of estiuct forms, extending

back through the Pliocene and Mioceno epochs, show the

same type under different niodificatii)ns, and in still more
generalized outlines; and certain recently discovered forms

from the Eocene of North America, if their affinities are

rightly interpreted, appear to link the true Froboscidea

to some^unknown pritnitive tjpe of Perissodactyle Uti-

gulala.

The f6llowing are the principal characters common to

existing, and, by inference, to the extinct, Proloscidea.

The nose extended into a long, muscular, very flexible and
prehensile proboscis, at tlio end of which the nostrils are

situated, and from which the namo given to the group is

derived. The teeth consisting of evergrowing incisors of

very great size, but never exceeding ono pair in each jaw,

and often present in one jaw only ; no canines ; large and
transversely ridged molars. No clavicles. Limbs strong,

the upper segment, especially in tho hind limb, the

longest. Radius and ulna distinct, tho latter articulating

extensively with the carpus. Fibula and tibia distinct.

Astragalus very flat on both surfaces. Manus and pes

short, broad, and massive, each with five toes, though the

outer pair may be more or less rudimentary, all encased in

a common integument, though with distinct, broad, short,

hoofs. Third digit the largest. Two anterior ven» cavae

entering the right auricle. Stomach simple. A capacious

ctecum. Testes permanently abdominal. Uterus bicor-

nuate. Placenta non-deciduate and zonary. JIammie two,

pectoral.

With regard to the teeth, the incisors,' which project

largely out of the mouth, and are commonly called " tusks,"

are of an elongated conical form, and generally curved.

They are composed mainly of solid dentine, the fine elastic

quality and large mass of which renders it invaluable as

" ivory" for commerce and the arts. A peculiarity of the

dentine of the Froboscidea is that it shows, in transverse

fractures or sections, strico proceeding in the arc of a circle

from the centre to the circumference in opposite directions,

and forming by their decussations curvilinear lozenges, as

in the "engine-turning" of the case of a watch. The

enamel covering in existing species is confined to the

extreme apex, and very soon wears off, but in some extinct

species it forms persistent longitudinal bands of limited!

breadth. The tusks have small milk predecessors, shed

at an early age.

The molar teeth present a remarkable series of modifica-

tions from the comparatively simple form in Dinotherium,

with two or three strongly pronounced transverse ridges

and a normal mode of succession, to the extremely complex

structure and anomalous mode of replacement found in the

true Elephants. The intermediate conditions occur in the

various species of Mastodon. In this genus the enamel-

covered transverse ridges of each tooth are generally more

numerous than in Dinotherium, and often complicated by

notches dividing their edge or by accessory columns attached

I n

M

Fig. 103.— Loncitudinol Sictions of tlie Crown of a Mi>Iur Tooth of tbtIoiw Pr^
boscideons. sliowing stngcs in the ciadunl modification from the simple to tha

complex form. I, Mastodon ohioticus; II, Stegodon insignis; III, Loxodoft

africanus; IV, Eteptias primigenius. The ilentlno Is indicated by transversa

lines, the cementum by a dotted surface, and the enamel is bluck.

to them, but in the unworn tooth they stand out freely on

the surface of the crown, with deep valleys between (fig.

102, I). In the Elephants tho ridges are still further in-

creased in number, and consequently narrower from before

backwards, and are greatly extended in vertical height, so

that, in order to give solidity to what would otherwise be

a laminated or pectinated tooth, it becomes necessary to

envelop and unite the whole in a large mass of cementum,

' These teeth are by some writers cbsicd as canines, as their roots

are implanted in the maxillae ; but, as in Rodents, they are originally

developed in the gum covering the premaxilhe, in which bones theii*

primitive alveoli aro sunk As growUi proceeds, liowever, firm sup-

port for such massive and weighty bodies can only be obtained by

their rooU gradually sinkinj through the preniaxillte into the great and

specially modified alveolar processes of the maxillae, but this does not

vitiate ihcir homology with the incisors of other mammals.
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which conipletcl.r fills up U<e valleys, and gives d general

smooth appearance to the organ when unworn ; but as the

wear consequent upon the masticating process proceeds, the

alternate layers of tissue of different hardness— cementum,

dentine, and enamel—wliich are disclosed upon the surface

form a fine and very efficient triturating instrument. The
modification of the tooth of a Mastodon into that of an

Elephant is therefore precisely the same in principle as

that of the molar of a Palajothcriura into that of a Horso

(see vol. xiii. p. 174), or of the corresponding tooth of one

of the primitive Artiodactyles into that of an Ox. The
intermediate stages, moreover, even in the present state

of our knowledge, are so numerous that it is not possible

to draw a definite line between the two types of tooth

structure (see fig. 102, If, III, IV).

As regards the mode of succession, that of modern
Elephants is, as before mentioned, very peculiar. During

the complete lifetime of the animal there are but sis

molar teeth on each side of each jaw, with occasionally a

rudimentary one in front, completing the typical number
of seven. The last three represent the true molars of

ordinary mammals ; those in front appear to be milk molurs,

which are never replaced by permanent successors, but the

iWhole series gradually moves forwards in the jaw, and the

teeth become worn away and their remnants cast out in

front, while development of others proceeds behind. The
individual teeth are so large, and the processes of growth

and destruction by wear take place so slowly, that not

more than one, or portions of two, teeth are ever in place

and in use on each side of each jaw at one time, and the

whole series of changes coincides with the usual duration

of the animal's life. On the other hand, the Dinotherium,

the opposite extreme of the Proboscidean series, has the

whole of the molar teeth in place and use at one time, and

the milk molars are vertically displaced by premolars in

the ordinary fashion. Among Mastodons transitional forms

occur in the raodo of succession as well as in structure, many
species showing a vertical displacement of one or more of

the milk molars, and the same has been observed in one

extinct species of Elephant (E. planifrons) as regards the

posterior of these teeth.

All known Proboscideans are animals of large dimensions,

and some are the most colossal of land mammals. The
head is of great proportionate size ; and, as the brain case

increases but little in bulk during growth, while the

ME.

pn
Fig. 103.—a Section of tlie Skull of llie African Elephant (E'ep/ias afritams)
taken to the left of the middle line, and Including the vomer (To) and the
mesetiminid {ME), an, anter.or, and pn, posterior narlul aperture. jS nat.
size. Flower's OiUologij 0/ Mammalia.

esi.erior wall of the skull is required to be of great super-

ficial extent to support the tnink and the huge and
ponderous tusks, and to afford space for the attachment of

jauscles of sufficient size and strength to wield the ekull

thus heavily wcignted, an extraordinary development of

air-cells takes place in the cancellous tissue of nearly all

the bones of the cranium. These cells are not only formed

in the wails of the cranium proper, but are also largely

developed in the nasal bones and upper part of the pre-

maxilK-e and maxills, the bones forming the palate and the

basi-cranial axis, and even extend into the interior of the

ossified mesethmoid and vomer. Where two originally

distinct bones come into contact, the cells pass freely from

one to the other, and almost all the sutures become

obliterated in old animals. The intercellular lamellte in

the great mass which surrounds the brain cavity superiorly

and laterally mostly radiate from the inner tu the outer

tabic, but in the other bones their direction is more

irregular. Like the similar but less developed air-cells in

the skulls of many other mammals, they all communicate

with the nasal passages, and they are entirely secondary to

the original growth of the bones, their developmei.t having

scarcely commenced in the new-born animal, and they gradu-

ally enlarge as the growth of the creature proceeds towards

maturity. The nasal bones are very short, and the anterior

narial aperture situated high in the face. The zygomatic

arch is slender and straight, the malar bones being small, and

forming only the middle part of the arch, the anterior part

of which (unlike that of all true Ungulates) is formed only

by the maxilla. The maxillo-turbinals are but rudimentary,

the elongated proboscis supplying their place functionally

in warming and clearing from dust the inspired air.

The neck is very short. The limbs are long and stout,

and rem.arkable for the great length of the upper segment

(especially the femur) as compared with the distal segment,

the manus and pes. It is owing to this and the vertical

position of the femur that the knee-joint in the hind leg is

placed much lower, and is more conspicuous externally than

in most quadrupedal mammals, and, this having been erro-

neously compared with the hock-joint or ankle of Ungulates,

the popular fallacy that the joints of the Elephant's leg bend

in a contrary direction to that of other mammals has arisen.

There is no round ligament in the hip-joint, or third

trochanter to the femur. The radius and ulna are distinct,

though fixed in a crossed or prone position. The fibula

also is quite distinct from the tibia. Tho feet are short

and broad, the carpal and tarsal bones being very square,

with flattened surfaces for articulation ; the astragalus

especially differs from that of true Ungulates in its flatness,

in the absence of a distinct pulley-like articular surface at

either extremity, and in having no articular facet for the

cuboid. The fibula articulates with the calcaneum, as in

Artiodactyles. Of the five toes present on each extremity

(see fig. 100), the middle one is somewhat the largest, and

the lateral ones smallest, and generally wanting (especially

in the hind foot) the complete number of phalanges. The
ungual phalanges are all small, irregular in form, and late

in ossification. The whole are encased in a common in-

tegument, with a flat, subcircular, truncated sole, the only

external indication of the toes being the broad oval nails

or hoofs arranged in a semicircle around the front edge of

the sole. The hind foot is smaller and narrower than the

front. The liver is small and simple, and there is no gall-

bladder. In form the brain resembles that of the Rodents

and other lower orders of mamn)ais, the cerebellum being

entirely behind and uncovered by the cerebrum, but the

hemispheres of the latter are richly convoluted.

The Proboscidea are exclusively vegetable feeders, living

chiefly on leaves and young branches of forest trees and

various kinds of herbage, which they gather and convey to

their mouth by the very mobile proboscis, an organ which

combines in a marvellous manner strength with dexterity

of application, and is a necessary compensation for the

shortness and inflexibility of the neck, as by it i^any of the
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functions of the lips of otlier animals arc performed. By-

its means the Elephant is enabled to drink without bend-

ing the head or limbs ; the cud of the trunk being dipped

into the stream or pool, a forcible inspiration fills the two

capacious air-passages in its interior with water, which, on

the tip of the trunk being turned upwards and inserted into

the mouth, is ejected by a blowing action, and swallowed
;

or if tho animal wishes to refresh and cool its skin, it can

throw the water in a copious stream over any part of its

surface. Elephanti) can also throw dust and sand over

their bodies by the same means and for the same purpose,

and wild animals have been frequently observed fanning

themselves with leafy boughs held in the trunk. Tlie

species are at present limited in their geographical distri-

bution to the Ethiopian and Oriental regions, but they

formerly had a far more extensive range.

Ekplias.—Dentition : i J, c ?, m S = 26. Tlie incisors rariaUe, but

usually of very large size, especially in the male sex, directed some-

what outwards, and curved upwards, without enamel except on the

apex before it is worn ;
preceded by small milk incisors. Tho molars

succeed each other by horizontal replacement from before back-

wards, never more than one or part of two being in use on each

side of each jaw at the same time ; each composed of numerous
flattened enamel-covered plates or ridges of dentine, projecting from

a common' many-rooted base, surrounded and united together by
cemontum. The number of plates increases from the anterior to

the posterior molar in regular succession, varying in the different

species, but the third and fourth (or tho last milk molar and the

first true molar), and these only, have the same number of ridges,

which always exceeds live. Skull of adult very high and globular.

Mandible ending in front in a prolonged deflected and spout-like

eymphysia. Vertebra!: C 7, D 19-;!1, L 3-4, S 4, C 26-33.

The existing species of the genus differ so much that they must
be placed in two distinct sections, considered by some zoologists as

distinct genera.

1. Elcphas proper. Elnsmodon, F. Cuv. ; Eudcphas, Falc.

—

Average number ol' plates of the six successive molar teeth expressed

by tho "ridge formula" 4, 8, 12, 12, 16, 24. The plates com-
pressed from before backwards, tho anterior and posterior surfaces

(as seen in tho worn grinding face of the tooth) being nearly

parallel. Ears of moderate size. Upper margin of the end of the

proboscis developed into a distinct finger-like process, much longer

than the lower margin. Five nails on the fore feet, nud four

(occasionally five) on tho hind feet.

Tho well-known Asiatic Elephant, E. indicus, inhabits in a wild

state the forest lands of India, Burmah, the Malay Peninsula, Cochin
China, Ceylon, and Sumatra. Those from the last-named islands,

presenting some variutioro from those of the mainland, have been

separated under the name o( E. sumalramts, but tho distinction has

not been satisfactorily established. Tho appearance of the Asiatic

Elephant is familiar to all. Though rarely breeding in captivity,

it has been domesticated from the most remote antiquity, and is

Btill extensively used in the East as a beast of burden. In the wild

sitato it is gregarious, associating in herds of ten, twenty, or more
individuals, and, though it may under certain circumstances become
dangrrouSj it is generally inoffensive and even timid, fond of shade

and solitude and the neighbourhood of water. The height of the

male at the shoulder when full grown is usually from 8 to 10 feet,

occasionally as much' as 11. The female is somewhat smaller.

See Elephant.
2. Loxodon.—Molar teeth of coarse construction, with fewer and

farger plates and thicker enamel. Ridge formula: 3, 6, 7, 7, 8, 10.

The plates not flattened, but thicker in the middle than at the

edges, so that their worn grinding surfaces are lozenge-shaped.

Ears very large. Tho upper and lower margins of the end of the

trunk forming two nearly equal prehensile lips. But three hoofs

on the hind foot. The one species, E. africanus, now inhabits tho

wooded districts of the whole of Africa south of the Sahara, except

where it hoa been driven away by human settlements. Fossil

remains of Pleistocene age, undistinguishablo specifically, have been

found in Algeria, Spain, and Sicily. It was trained for war and
show by tho ancient Carthaginians and Komans, and recent experi-

ence of the species in captivity in England shows that it is

as intelligent 03 its Asiatic relative, if not more so, while surpass-

ing it in courage, activity, and obstinacy. Nevertheless, in ncdcm
times, no people in Africa have been suflicicntly civilized or enter-

prising to care to train it for domestic purposes. Jt is hunted
chitf.y for tho sake of the Ivory of its immense tusks, of which it

yields the principal source of supply to the European market, and
tho desire to obtain which is rapidly leading to the extermination
»' tho species. In size the male African elephant often surpasses

ttiat of Asia, but tlie female ia usually smaller. Tho circumference

of tho forefoot is half tho height ut tho shoulder, u circumstance

which enables tl)e hunters to judge from the footprints the exact
size of the animals of which they are in pursuit.

Extinct Species of Elephant.—Abundant remains of Elephants are
found embedded in alluvial gravels, or secreted in tho recesses of
caves, into which they have been washed by streams and floods, or
dragged as food by Hysenas and other carnivorous inhabitants of
these subterranean dens. Such remains belonging to the Pleistocena
and Pliocene periods have been found in many parts of Europe, in-

cluding the British Isles, in North Africa, throughout the North
American continent from Alaska to Mexico, and extensively dis-

tributed in Asia, where the deposits of the sub-Himalayan or Sivalik
hills, belonginj to the earliest Pliocene, are rich in the remains of

Elephants of varied form. These species are chiefly known and
charac terized at present by the teeth, some of which resemble th&
existing Indian and some the African type, but the majority are

between the two, and make the distinction between Elephas and
Loxodon as different genera quite impracticable. Others again
approach so closely in tho breadth and coarseness of theTidges and
paucity of cementum to Maxtodon as to have been placed by somo
zoologists in that genus. These form tho group or subgenus called

Stegodon by Falconer.

Among the best known extinct Elephants are E. primigcnius, the

Mammoth, very closely resembling tho existing Indian species, and
one of the most recently extinct and extensively distributed (see

Mammoth) ; E. antiquus and E. meridionalis, also found in Britain,

as well as in Europe generally, of rather earlier date, and inclining

more to the Loxodon type, as also do two species fouud in the island

of Malta, E. mnaidicnsis and E. mclUcnsis, the latter the smallest

known species of the suborder, sometimes not exceeding 3 feet iu

height when adult. The Slfgodon forms, E. clifti, hombifrons, imig-
nts, and gancsa, are all from India, which locality would appear,

from the abundance of remains and variety of forms, as well as tiro

generalized character of some and the geological horizon (Plio-

Miocene) in which the remains are found, to be the earliest habi.

tation of the true Elephants yet discovered. Remains of Elephants

of the last-named group have also lately been found in China and
Japan. A tusk the dentine of which presents the characters hither-

to considered peculiar to the Proboscidca, from Australia, has been

lately described by Professor Owen under the name of Kolelcphas.

Mastodon.—Dentiiiaa: i j-^^, c ^, p and m f. Upper incisors

very large, as in Elcphas ; sometimes with longitudinal bands

of enamel, more or less spirally disposed. Lower incisors vari-

able : when present comparatively small and straight, sometimes

persistent, sometimes early deciduous, and in some species never

present. Grinding surface of molars with transverse ridges, tho

summits of which are divided more or less into conical or mam-
millary cusps, and often with secondary or additional cusps between

and clustering against the principal ridges ; enamel thicli ; cemen-

tum very scanty, never filling up the interspaces between tho

ridges. The third, fourth, and fifth molars having the same num-
ber of ridges,^ which never exceeds five. In some species {M.

ohioticus) no vertical succession has been observed, but in others, as

JII. angustidens, the two posterior premolars, and in the American

M. productus apparently all three, are preceded by milk n-.olars.

There is also a horizontal succession as in Elephants, the anterior

teeth being lost before the posterior ones are fully developed, but

not so complete as in the former genus, for as many as three teeth

may be in place in one jaw at one time. The skull generally is less

elevated and less cellular than in Elcphas ; otherwise the remainder

of the skeleton is similar.

All known Mastodons are gigantic animals, equalling or exceed-

ing the recent Elephants iu size. Their remains have been found in

Europe and southern Asia and America, from the Miocene to the

Pleistocene epochs.

Dinothcrium.—Tle-aUtion of adult: i°y , e i, p i, m J-22;
all present at the same time, there being no horizontal succession,

but the premolars replace milk teeth in the ordinary manner. The
presence or absence of upper incisors has not yet been clearly ascer-

tained. Lower incisors, large, conical, descending and slightly

curved backwards, implanted in a greatly thickened and deflected

beak or prolongation of the symphysis. In section they do not show

the decussating stria; characteristic of Mastodons and Elephants.

Crowns of molars with strong, transverse, crenulated ridges, with

deep valleys between, much resembling those of the Tapirs. Ridgo

formula of the permanent molar series : 2, 2, 3, 2, 2. The thrco

ridges of tho first true molar appear to be constant in both upper

and lower jaws, although it ia quite an anomalous character among

' This, and the larger number of ridges in the latter, are the only

absolute distinctions which F.ikoiier could find between ilastcdon and

Elephas (Palxont. Memoirs, ii. p. 9), and it is clear that they are

somewhat orbitraty. The line between the two genera is drawn at this

point more as a matter of convenience for descriptive purposes than

a^ indicating any great natural break in the sequence of modi/'wtions

of the same type.

XV. - 54
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Proboscideans for this molar to havo more ridges than tlioss which
come behind it The last milk molar has also three ridges, the pen-

iltimate but two. The cranium is much depressed, witli compara-

Fia 104.—Slmn of DinotheriHtn giganleum (Uiocene, Eppelsheim).

tirely little development of air-cells. The remainder of the skeleton

is imperfectly known, bat apparently agrees in its general charac-
ters with that of the other Proboscideans.

Remains oi Dinotherium giganUum, an animal of elephantine pro-

portions, strikingly characterized by the pair of huge tuslts descend-
ing nearly Tertically from the front of the

lower jaw, were first discovered at Eppels-

heim, near Darmstadt, and described by
Eaap. They have since been met with in

various Middle and Upper Miocene forma-
tions in the south of Germany, France,

Greece, and Asia Minor. Three species,

D. pentapoiamiee, D. indicum, and D.
sindiense, have been described by Falconer
and Lydekker from north-western India.

The genus has hitherto not been found
an England or in America.

The genus Phenocodus, from the Lower
Eocene of Wyoming, lately described by
Cope {Am. Naturalist, December 1881 and
June 1882), is placed by that zoologist in a
special group called Condylarthra, allied to
the Froboscidea, but distinguished by "a
post-glenoid process, and a third trochanter
of the femur, and no calcaneal facet for the'

fibula." This and the Proboscidca are united
by Cope to form the order Taxeopoda, one
of his primary divisions of the Vngulata.

In all the preceding forms the astragalus articulates only with
the navicular bone, in those that follow with both navictUar and
cuboid.

SuBoitDEK AMBL7P0DA.

Among the most remarkable of the recent discoveries

in the Eocene formations of the western States cf North
America has been that of a ^roup of animals of huge size,

approaching if not equalling that of the largest existing

Elephants, presenting a combination of characters quite
unlike those known among either recent or extinct creatures,

and of which there wore evidently many species living

contemporaneously, but all of which became extinct before
the close of the Eocene period. To form some idea of

their appearance, we must imagine animals very elephan-
tine in general proportions and in the structure of their

limbs. The fore foot had. five, and the hind foot four
toes. The tail, as in the Elephants, was long and slender,

but the neck, though still short, was not so much abbre-

viated as in modern Proboscideans, and there is no evi-

dence that they possessed a trunk. The head differed

greatly from that of the Elephants, being long and narrow,

more like that of a Khinoceros, and, as in that animal,

was elevated behind into a great occipital crest, and it

had developed upon its upper surface three pairs of con-

spicuous, laterally diverging protuberances, one pair in

the parietal region, one on the maxillaries in front of the

orbits, and oue (much smaller^ near the foro part of the

elongated nasal bones. Whether these were merely

covered by bosses of callous skin, as the rounded form
and ruggedness of their extremities would indicate, or

whether they formed the bases of attachment for horns

of still greater extent, like those of the Rhinoceros or of

the Cavicorn Piuminants, can only be a matter of con-

jecture. There were no upper incisors, but three on each

side below, of comparatively small size, as was also the

lower canine. A huge, compressed, curved, sharp-pointed

canine tusk, '^ery similar in form and position to that of

the- Musk-Deer, descended from each side of the upper

jaw. These were present in both sexes, but very much
smaller in the female, as was also the flange-like process

of the lower jaw by which they were guarded. Behind
these, and at some distance from them, were on each

side above and below six molar teeth, of comparatively

small size, placed in continuous series, each with a pair of

oblique ridges conjoined internally and diverging exter-

nally in a Y-like manner, and provided with a stout basal

cingulum. The dental formula was therefore i %, c\, p |,
m f = 34 ; and the dentition had thus already attained a
remarkable degree of specialization, although the brain was
smaller and more rudimentary in characters than in almost
any other known mammal

Fio. 105.—Restoration of Dmoeeras mirahile. A nat. si^e. From Marsh {Am. lour. Sd., toL lil. pi. J).

The first-discovered evidences of the existence of animals of this

group were described by Leidy in 1872, under the name of Uinta-

thcrium (from the Uintah mountains, near which they were foundj.

Other nearly allied forms have been named Dirweeras (restoration

of which is shown in fig. 105), Tinoccras, and Loxolophodoti. They
constitute the order Dinoarata of Marsh, but are tncluiied by Cope
in the AmbJypoda.
Another interesting form referred to this suborder is CorypTiodon,

which djipeara to connect the Prohoscidta with the most primitive

PerissodadyJa, especially Lophiodon. It was first described by
Owen in 1846 from a fragment of a jaw from the London Clay.

More perfect remains were afterwards discovered in France, and
lately in great abundance, indicating many species from the size

of a Tapir to that of a Rhinoceros, in the lowest Eocenes of New
Mexico and Wyoming, in the United States. It had forty-four

teeth ; the canines of both jaws were large and sharp-pointed,

and the molars had strongly pronounced oblique ridges. The
general proportions were those of a Bear, but the tail was of

moderate length, and the feet short and wide, %vith five toes on
each.

The Tertiaries of South America have yielded some very remark-
able forms of mammalian life, the nature and affinities of which
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liave greatly pu2?.Ied all zoologists who have attempted to unravel
them. Macrauchenia, an animal with a Camel-like neck, is now
known to be a Perissodactyle, though in some characters somewhat
aberrant. Tho articulation of the hbula with the calcanenm is an
Artiodactyle or perhaps generalized character. The teeth ally it

Xo Paleeothcrium, 3.ni Rhinoceros. Homalodontotherium, from tho
banks of the river Gallcgos, south-east Patagonia, is known by
the teeth alone, which, though very generalized, are on the wholo
rhinocerotic. Nesodon, from the same locality, also only known by
the dentition and some parts of the skull, connects the last and
itacraudienia with Toxodon. These three genera have the typical

dental formula of i l,c\,p\, m 3 = 44. Toxodon is an animal about
the size of a Hippopotamus ; it was first discovered by Darwin,
and many specimens nave since been found in Pleistocene deposits

near Buenos Ayres, and described by Owen, Gcrvais, and Burraeister.

The teeth consist of largo incisors, very small lower canines, and
strongly curved molars, all with persistent roots, the formula being
apparently i I, c ^, p \, m § = 38. The cranial characters ex-

hibit a combination of those found in both Perissodactyles and
Artiodactyles, but the form of the hinder part of the palate and the

absence of uu alisphenoid canal belong to the latter ; and the tym-
pinic, firmly fixed in between the squamosal and the exoccipital,

ankylosed to both, and forming tho floor of a long upwaid-directed
meatus auditorius, is so exactly like that of the Suina that it

is difficult to believe it does not indicate some real affinity to

that group. These characters seem to outweigh in importance
those by which some zoologists have linked Toxodon to the Peris-

sodactyla, and the absence of the third trochanter and the arti-

culation of the fibula with the ealcaneum tell in the same direction.

The structure of the feet is not completely known, but Cope has
shown that the tarsal bones diff'^r altogether from those of either

Artiodactyles or Perissodactyles, md more nearly resemble those of

the Proboacidca than any other fcjown Ungulates.
Mesotherium, also called Typotlicrium, from the same locality, was

au animal rather larger than a Capybar.a, and of much the same
general appearance. Its skeleton id completely known, and shows
a singular combination of characters, resembling Toxodon or a

Cranium and Lower Jaw of iftsotherium fristatum.
From Gervaia.

J nak. size.

(;Hierali2«d Ongulato on the one hand, and the Rodents, especially

the Leporidas, on the other. In tho presence of clavicles it differs

from all known Ungulates, and in having four lower incisors from
all Rodents. The teeth are i h, c i, p |, m 3 = 24.

It will thus be seen that, although our knowledge of many of

these forms is still very limited, we may trace among them a curious

chain of affinities, which would seem tounito the Ungulates on the

one hand with tho Rodents on the other ; but further materials are

required before we can establish with certainty so important a re'*-

tionship, one which, if true, would alter materially some of tho

prevaihng views upon the classification of mammals.

UNGULATA VERA.

lu the typical Uiigulala the feet are never plantigrade,

and the functional toes do not exceed four,—the inner digit

being suppressed, at all events ia all forms which have

existed since the Early Eocene period. The os magnum of
the carpus articulates freely with the scaphoid. The allantois
is largely developed, and the placenta, so far as is known, is

non-deciduate, the chorionic. villi being either evenly diffused
or collected in groups or cotyledons (in Pecora). The testes
descend into a scrotum. There is never an os penis. The
uterus is bicoruuate. The mammse are usually few and in-

guinal, or may be numerous and abdominal (as mSuina), but
are never solely pectoral. The cerebral hemispheres in exist-

ing Ungulates are well convoluted.

The group is now, and has been throughout the whole
of the Tertiary period, composed of two perfectly distinct

sections, differing from each other, not only in the obvious
characters of the structure of the limbs, but in so many
other parts of their organization that they must be con-

sidered as of the rank at least of suborders. The characters

of these divisions, first indicated by Cuvier, were thoroughly
established by Owen, by whom the names whereby they are

now generally known were proposed.

Suborder PERISSODACTYLA.

This is a perfectly well-defined group of Ungulate
mammals, represented in the actual fauna of the world by
only three distinct types or families—the Tapirs, the

Rhinoceroses, and the Horses—poor in genera and species,

and (except in the case of the two domesticated species of

Eqtius, which have been largely multiplied and diffused by
man's agency) not generally numerous in individuals,

though widely scattered over the earth's surface. Pateon-
tological records show very clearly that these are but the

surviving fragments of a very extensive and much varied

assemblage of animals which flourished upon the earth

throughout the whole of the Tertiary geological period,'

and which, if it could bo reconstructed in its entirety,

would not only show members filling up structurally tho

intervals betweeo the existing apparently isolated forms,'

but would show several marked lines of specialization

which have become extinct without leaving any direct

successors.

The following are the principal characters distinguishing

them from the Artiodacti/la. Premolar and molar teeth inADC

FlQ. 107.—Doncs of Foie Foot of existing Perissodactyles. A, Tj'pir (_Tapirv»

indiciis). xj; B. niiiiioc(.'ios (lihtnfeeros sumatretiii^), x|; C. Horse {X'^uui
cabullus}, X Jl. V, ulna ; A', radius ; c, ciuieUomi ; /, lumu" ; s, scaphoid ; u. unci-

fonn ; m, magnum; /(/, trapezoid ; fm, trajiczium. Oitcoicgy o/ ilammalia.

continuous series, with massive, quadrate, transversely

ridged or complex crowns,—the posterior premolar's resem-

bling the true molars in size and structure. Crown of the
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lastlower molar commonly bilobed.^ Dortolambar vertebra

never fewer than twenty-two, usually twenty-three ia the

existing species. Nasal bones expanded posteriorly. An
alisphenoid canal. Temur with a third trochanter. The
middle or third digit on both fore and hind feet larger than

ony of the others, and sytnjietrical in itself, the free border

of the ungual phalanx being evenly rounded (see fig. 107).

This may be the only functional toe, or the second and
fourth may be subequally developed on each side of it. In

the Tapirs and many extinct forms, the fifth toe also remains

on the fore limb, but its presence does not interfere with the

symmetrical arrangement of the remainder of the foot

nround the medisvn line of tha third or middle digit.

Traces of a hallux have only been found iu some extremely

ancient and primitive forms. The astragalus has a pulley-

like surface above for articulation into the tibia, but its

distal surface is flattened and unites to a much greater

extent with the navicular than with the cuboid, which bone

is of comparatively less importance than in the Artiodac-

tyles. The calcaneum does not articulate with the lower

end of the fibula. The stomach is simple, the caecum

large and capacious, the placenta diffused, and the'mammse
inguinal.

The very distinct minor groups into which the Perissodactyles

are divided in the later periods of the earth's history are, even by
the knowle.Ige already gained of the ancient members of the sub-

order, so closely united by connected forms that it is difficult to

make any satisfactory classiGcation of the whole. This is of course

what might be expected, and would probably be the case with all

other groups if we knew as much of their past history as we do of

that of the Perissodactyles. It is necessary, however, for descriptive

purposes to have some arrangement ; and perhaps, if not the most
natural, the most convenient division (especially as it is chiefly or

only by these organs that many are known) is one founded upon
the structure of the lower molar teeth. By this character we may
make three primary divisions, ^ach of which has a representative

at the present time:~-{A) thoSe in which the crowns of the lower
molars are disposed in transverse ridges, as iu the Tapirs

;
{B)

those in which the crowns of the lower molars are formed by a

pair of crescents, as ia Rhinoceros
; (C) those in which the

crowns of the lower molars are formed of a pair of crescents,

with the addition of inner lobes or columns, as in the Horses.

As these forms are all modifications of the same essential

pattern, transitions in certain or all of the teeth must be expec{ed
in many cases, and, as before implied, the grouping of the Perisso-

dactyles into Tapiroid, Khinocerotic, and Equine sectiots according
to the pattern of their molar teeth may not be a true exposition of

the real afiinities of thergenera, but must be looked upon rather as

B couveaieut provisional arrangement.

A. Tapiroid Section.

tiower molai'S bilophodont.

Family LoTHIODONTipi,

Both upper and lower true molars bilophodont. Premolars
emaller and simpler than the true molars. Four toes on the

anterior and three on the posterior feet. This family includes a

large number of more or less imperfectly known forms, all extinct,

ranging from the size of a Rabbit to that of an Ox. They are

tlie earliest in time and most generalized in structure of the

known Perissodactyles. It is possible that from some either of the

known or the still undiscovered members of this group most of the

other tj-pes of the order have been derived. Their remains have
been found in Europe only in the Lower and Middle Eocene, though
in North America they appear to have lingered to a somewhat later

date. The genus Hyracotherium was established in 1839 by Owen
for a small animal, no larger than a Hare, the skull of which was
found in the London C\s^ at Heme Bay. A more perfect specimen
apparently of the same species was afterwards (in 1857) described
under the name of Philophvs vulpiceps. Closely allied forms from
the European continent have been n.imed Pachynolophxts and
Lophiothcrium. These have all the complete dentition, viz., i f,

" t) ? f . '» § = ^i- The posterior lower molar has three lobes. The
genus Luphiodon (Cuvier, 1822) contains animals of much larger
•ize and later geological period (Middle or Upper Eocene), ia which
the dentition was so far specialized as to have lost the anterior pre-
molar of both jaws, the formula being i f , c ^, p J, m f= 40. The
trinsversB ridges of the upper molars are placed obliquely, the

' These dental characters are not strictly applicable to tbj most
ancient forms.

posterior is smaller than the auterior, and they are united by their

external borders; those of the mandible are distinct and only con-

nected by a feeble diagonal crest, the last bearing a talon or rudiment
of a third lobe. On the premolars the anterior ridge only isdeveloped.

Nearly allied was the American genus Hyrachyus, the structure of

which is now very completely known from well-preserved remains
The skeleton closely resembles that of the Tapir, though the dentition

is more like that of Lophiodon, except that the last lower molar
has but two lobes. As many as nine species have been already de-

scribed, all from the Upper Eocene. Another form from the tame
deposits, Colonoccras of Marsh, is said to have had an attachraet t for

a dermal horn on each nasal bone. Trqilopus, otherwise closely

similar to Hyrach.\/u3, wants the fifth digit of the manus, and hence
is placed by Cope in a distinct family, TriplopUsB.

Family Tapirid^.

Both upper and lower true molars bilophodont Posterior pre-

molars above and below resembling tne true molan: This
family is connected with the last by the Jliddle Miocene genus

Listriodon. The genus Tapirits, in which as many as three pre-

molars resemble the true molars, and in which the last lower molar

has no talon, appears first in the Upper Miocene of Europe, and has

continued with scarcely any appreciable change until the present

time, being represented by several species in Central and South
America, and one in the Malay Peninsula and adjacent islands. It

is therefore probably the oldest existing genus of mammals. One
of the American species differs from all the others iu the great an-

terior prolongation of the ossification of the mesethmoid cartilage,

and has been separated generically by Gill under the name oj

Flasmcgnathtts. See Tapir.

B. Rhixocerotic Section.

Lower molar teeth with the ridges, instead of being transverse,"

curved in a crescentic manner. The tutcr extremity of each ridge

is curved forwards so that the hinder ridge abuts agamst the ex-

ternal surface of the ridge in front of it. An unworn lower molar
of a Rhinoceros has thus externally two convex areas separated by
a vertical groove, and internally two principal sinuses, correspond-

ing to the projections externally. Tne entrances to these sinuses

are bordered by three conical pillars—the first of comparatively

little importance, representing the anterior talon of the Tapir's

tooth, the second, the largest, representing the antero-internal

principal cusp, and the third the postero-internal principal cusp.

The upper molars of all the animals of this section resemble those

of Lophiodon in principle, the transverse ridges being joined by an

outer wall and placed obliquely, their inner ends inclining back-

wards and their posterior surfaces being more or less concave. There

are two further chief modifications of this type:—(1) that in which

the free edge of the outer wall acquires a strongly zigzag or bi-

crescentio character, being deriated inwards opposite each of the

principal outer cusps, and outwards at the anterior and posterior

angles of the tooth and in the middle between the cusps, as in

Palsotherium; and (2) that in which the outer wall is greatly

developed, and in the main flat or smoothly convex, though with

slight elevations and depressions corresponding with those so

regular and well-marked in the last section : thi* '3 the character

of the teeth of Rhinoceros and its allies.

Family Hyracodoktidj!.

Separated by Cope from the next, and containing the genua

Byracodon of Leidy, a primitive or simple Rhinoceros-like type,

from the Lower Miocene of North America, with the full number
of teeth, but only three digits on each foot.

Family Rhin'OCErontidj:.

A very extensive group, of which many modifications, form-

ing a gradual series, showing increasing specialization from

primitive Lophiodon-XiVe animals, have been discovered both

in North' America and in the Old World. One of the most

remarkable of these specializations has been the development

of dermal horns over the nasal bones, either in laterally placed

pairs as in some of the early forms, or in the median line, either

single or double. In America they all became extinct before the

close of the Pliocene period ; but in the Old World, although their

geographical distribution has become greatly restricted, at least

five well-marked species survive. See Rhinoceros.

Family Macbattchenids.

This contains one extiuct genus, .'.facraucTieKia,. with two

species M. patachonica and }! boliviensis, both from South

America, and apparently from Pliocene- formations. They

are very singular and specialized forms, quite out of the line

of descent of any of the existing Pcrissodactj-les, and the steps by

which they are connected with the rest of the group have not yet

been discovered. Of the larger species, M patachonica, the skeleton

ia completely known. It had the full number of forty-four
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teeth, formii*g an uninterrupted series. The cervical vertebra
resemble those of the Camels in the position of the vertebrarterial

cannl, but the ends ot the centra are Hat, and not opisthoccelous as

'n the allied forms. In some of the limb characters it resembles
the Equidsc, but in the articulation of the fibula with the calcan-
*um it agrees with the Artiodactyles. The structure of the feet

is, however, distinctly Perissodactyle, there being three toes on
each.

Families Chalicotheriidj; and JlEXODONTiDa;.

These families, with not very distinctly defined boundaries, con-
tain a large number of extinct form.: from Eocene and Miocene
formations of both the Old and the New World. Among the latter

the most rtmarkablc is a group of animals of gigantic size, to the
first-known fragment of which the name of Mcnodus was given in

1849 by Pomel, but of which more perfect remains have since been
described by Lcidy as i'itanothcrium and Mcgacerops, by Marsh as

Brontotherium, and by Cope as Symhorodon, some of which appear
to represent distinct generic modifications, but the syuonymy of

the group is at present much confused. The head was large and
much elongated, as in the Khinoceros ; but they had a pair of
stout diverging osseous protuberances like horn-cores on the
maxillaries in front of the orbits. Their molar teeth were of a
simple palseotheroid type, and the incisors and canines were very
much reduced. Their fore' feet had four and their hind feet three
short, Etout toes. Tlieir remains abound in the Lower Miocene
strata of North America.

Familij Pal^otheriid^.

The structure of the type of this family, Palxothcrixna, was
made known by Cuvier, from specimens found in the Paris gypsum
beds (Upper Eocene). Fig. 108 gives an idea of its general appear-
ance, not unlike that ot a Tapir, which also it resembled in size.

It had, however, but three toes on the fore feet. The dentition
was i I, c \, p -J,

m ^ = 44. Many species and allied genera (as

Fig. 108.—Restoration ot Palxotherium (Upper Eocene). Cuvier.

Palnploihcriuin, an earlier form from the Middle Eocene, and
Anchithtrium, a later one from the Miocene) have been discovered

both in Europe and North America. To some of these the
ancestral form of the modem Horses may be traced, the transition

from this to the next family being formed by almost imperceptible

gradations.

C. Equine Section.

Lower molars formed of a pair of crescents complicated by the
addition of columns or lobes at the inner extremities. Upper
molars a modification ot the pala^otheroid type, but gradually
passing as time advanced from the brachyodont to the hypsodont
form. Outer digits becoming gradually reduced, until, as in tlie

modem Horses, there is but one (the third) functional digit on each
foot. To these alone tlw family Equidx is restricted by some
authors, but in few groups is the artificial nature of the boundaries
placed between such divisions so appaient as in the Perissodactyles,

lor the simple reason that their palaiontological history is better
known than that of most others, and so many of the intermediate
forms have been preserved. For the history, characters, and pre-
sent distribution of the Equidm, see the article HoRSB, vol. xii.

p. 172 sj.

Suborder AUTIODACTYLA.
TLis is an equally well-defined group, traceable from the

Early Eocene period, though then apparently by no means
80 numerous as the Perissodactyles. Some ot its types, as
that represented in the existing Swine, have retained to the
present time much of the primitive character of the group

;

but others have been gradually becoming more specialized

and more perfected in structure, and its latest modiGcation,
the Cavicorn Ruminants or Bovidte f Antelopes, Sheep, and

Oxen), are now the dominating members of the great

Ungulate order, widespread in geographical range, rich in

generic and specific variation, and numerous in individuals,

—forming in all these respects a great contrast to such

decadent types as those represented by the Tapirs and
Rhinoceroses.

The principal anatomical characters by which they are

distinguished from the Perissodactyles are as follows-

The premolar and molar teeth not alike, the former being

single and the latter two-lobed. The last lower molar of

both first and second dentition almost invariably three-

lobed. Nasal bones not expanded posteriorly. No
alisphenoid canal. Dorsal and lumbar vertebriB together

always nineteen, though the former may vary from twelve

to fifteen, Femur without third trochanter. Third and
fourth digits of both feet almost equally developed, and
their ungual phalanges flattened oir their inner or con-

tiguous surfaces, so that each is not symmetrical in itself,

Fio. 109.—Bones of Fore Foot of existing Artiodactylcs. A, Pig {Sus >mfa\
Xi: B, Red Deer (Cerrus e/apAu«). X^; C, Camel (Came/ui ftacfrianus), xj.
U. ulna; 7?, radius; c, cuneifonn; /.lunar; s, scaphoid; i/. untifurra ; m, mag-
num; M, trapezoid; ^n, trapezium. Fiom Osteology o/ Mammalia.

but when the two are placed together they form a figure

symmetrically disposed to a line drawn between them. Or,

in other words, the axis or median line of the whole foot

is a line drawn between the third and fourth digits, while

in the Perissodactyles it is a line drawn down the centre of

the third digit. Distal articular surface of the astragalus

divided into two nearly equal facets, one for the navicular

and one for the cuboid bone. The calcaneum with an
articular facet for the lower end of the fibula. Stomach
almost always more or less complex. Colon convoluted.

Ciecum small. Placenta diffused or cotyledonary. Mammse
few and inguinal, or numerous and abdominal.

In treating of many sections of mammals, it is only from the exist-

ing species that our characters and classification can be derived, and
to these chiefly our observations upon the group must be directed,

tlio extinct forms being so little known that they can only ba
referred to incidentally. With the Ungnlata, however, it is quite
otherwise. As with the last section, the history of the Artie
dadyla throughout the Tertiary period is now well known, and
throws, great light upon the position and relations of the existing

gi'oups.

The principal modifications which have taken place in the type
from its earliest known and most generalized manifestation have
been the following :

—

1. As regards the teeth. Assumption of the grinding surfaces ol

the molar teeth either of a distinctly tubercular (fiunodont) or of «
crescentic ridged {icUnodont) form. Modification of the latter from
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a trachyodoat to a hypsodont type. Loss of upper incisors.

Development of canines into projecting tusks. Loss of anterior

premolars.

2. As regards the limbs. Reduction of the ulna from a complete

«nd distinct bone to a comparatively rudimentary state in which

It coalesces more or less firmly with the r.idius. Keduction of the

fibula till notliing but its lower extremity remains. Reduction and

final loss of outer pair of digits (second and fifth), with coalescence of

the metapodial bones of the two middle digits. Union of the navi-

Gularand cuboid, andsometimes theectocuneiform bone, of the tarsus.

3. Change of form of the odontoid process of the axis from a cono

to a hollow half-cylinder.

4. Development of horns or antlers on the frontal bones, and
gradual complication of form of antlers.

5. By inference only, increasing complication of stomach with

ruminating function superadded. Modification of placenta from

simple ditfused to cotyledonary form.

The primitive Artiouactyles, with the typical number (44) of

incisor, canine, and molar teeth, brachyodont molars, conical odon-

toid process, four distinct toes on each foot, with metapodium and

all carpal bones discrete, no frontal appendages, and (in all proba-

bility) simple stomach and diffused placenta, were separated even

in the earhest known forms into Bunodonta and Selenodonta,

A. Bunodonta.
This, the most primitive group, with various offsets which became

partially specialized and then extinct, unable apparently to adapt

themselves to new conditions, has been continued to the present

day with comparatively little change in the section of the suborder

called Suina, containing the families B{ppo^oUimidsi and Suidx.

See Hippopotamus, Peccart, and Swine.

B. Selenodonta.

Members of this group having the complete typical dentition

as re ,ai:dB number, but with various modifications in the details of

the lorra of the teeth, and also in the structure of the feet,

abounded in the Middle and Upper Eocene and Lower Miocene of

Europe and America. One of the earliest known, Anoplolherium,

was fully described by Cuvier from remains found in the Paris gyp-

sura beds (Upper Eocene). Its teeth formed a series unbroken by

a gap or diastema, and were of uniform height (as in Man alope of

existing mammalsX Its tail was long, with large chevron bones

Fia. 110.—Kestoratlon of Anoplolherium commune (Upper Eocene). Cavlei',

underneath, not usually found in Ungulates, and there were but
two toes on each foot. It was in many respects a much specialized
form, apparently not on the line of descent of any of the existing
(^onps. Chceropotamus, Ajilhracotligrium, ffyopolamus, Xiphodon,
Dichodon, IHchobunt, Cainotherium, the American Oreodon, and
numerous others were forms more or less intermediate in character
between the three distinct sections into which, by their extinction,
the Selenodont Artiodactyles can now be divided,—the Tylopoda,
also called Phalan^rada, the Tragulina, and the Fecora or
Cotylophora.

1. Tylopoda.
Eepresented at the present time by the tVo species of Camels of

the Old World and the Llamas of America. For their special dis-
tinguishing characters see articles Llasia and Camel.

IL Tragulina.
No teeth in premaxillse. Upper canines woU-developed, especi-

ally in the males ; narrow and pointed. Lower canines incisiform.
No caniniform premolars in either jaw. Molariform teeth in a
continuous series consisting of p f , m J. Odontoid process of axis
conicaL Fibula complete. Four complete toes on each foot. The
middle matapodials generally confluent, the outer ones (second and
fifth) very slender but complete, i.e., extending from tht carpus or
tarsus to the digit. Navicular, cuboid, and ectocuneiform bones of
tarsus united. Tympanic bulls of skull filled with canceUar tissue.
No frontal appendages. Kuminating, but the stomach with only
three distinct compartments, the maniplies or third cavity of the
stomach of the Ptcora being rudimentary. Placenta diffused.

This section contains the single family Tragiilidss, containing a

few animals of small size, commonly known as Chevrotains, intei^

mediate in their structure between the Deer and the Pigs. The
large size of the canines of the male and the absence of horns
caused them to be associated formerly with Moschns, one of the

true Deer; hence they are often spoken of as "Pigmy Jlusk-Deer,'"

although they have no musk-secreting gland, or, except in the
above-named trivial external characters, no special afiinities with the
true Musk. There has scarcely been a more troublesome and ob-

durate error in zoology than in this association of animals so really

distinct. It has been troublesome, not only as preventing a just

conception of the relations of existing Artiodactyles, but also in

c.iusing great confusion and hindrance in palieontological researches

among allied forms ; and most obdurate, inasmuch as all that has
been recently done in advancing our knowledge of both groups has
not succeeded ip eradicating it, not only from nearly every one of

our zoological text-books, whether British or Continental, but even
from works of the highest scientific pretensions.

The family is now generally divided into two genera.

Traguhis, containing the smallest of the existing Ungulates,
animals having more of the general aspects and habits of sonro

Rodents, as the Agoutis, than of the rest of their own order. The
best-known species are T. javanieits, T. napit, T. Icanchil, T,

stanlcyanus, and T. memmina. The first four are from the Malay
Peninsula, or the islands of the Indo-Malayan Archipelago, the
last from Ceylon and Hindustan.

Eyomoschiis is distinguished chiefly by the feet being stoiiter and
shorter, the outer toes better developed, and the two middle meto-
cai-pals not ankylosed together. Its dental formula (as that of

Tragulus) is i §, c\,pi, m| = 34. Vertebrae; C7. D18, L6,
S5, C 12-13. The only existing species, B. aoualicus (bg. Ill),

from lL6 Tvest coast of Africa, is rather larger than any of tlM

Fig. 111.—Afilcan Water ChevTOtaia {Hyomoiehus aqtuitlcuK\

Asiatic Chevrotains, which it otherwise much resembles, but it iu

said to frequent the banks of streams, and have much the habits of

Pigs. It is of a rich bro^vn colour, with back and sides spotted

and striped with white. It is evidently the survivor of a very

ancient form, as remains of a Species only differing in size (S,
erassiis) have been found in Miocene deposits at Sansan, depart

ment of Gers, France.

in. Peooka or Cotylophora.

Noipremaxillary teeth or caniniform premolars. Tipper canines

generally absent, though sometimes largely developed. Inferior

incisors, three on each side with an incisiform canine in contact

with them. Molariform teeth consisting of p |, m f, in con-

tinuous series. Auditory buUse simple and hollow within. Odon-
toid process in the form of a crescent, hollow above. Distal

extremity of the fibula represented by a distinct malleolar bone of

peculiar shape, articulating with the outer surface of the lower end
of the tibia. Third and fourth metacarpals and metatarsals con-

fluent. Outer toes small and rudimentary, or in some cases entire',

suppressed; their metapodial bones never complete. Navicularan'
cuboid bones of tarsus united. Horns or antlers usually present, at

least in the male sex. Left brachial artery arising from a common
innominate trunk, instead of coming off separately from the aortic

arch as in the preceding sections. Stomach with four complete
cavities. Placenta cotyledonoos.
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The Pecora or true Ruminants fonn at the present time an ex-

tremely liomogeneous group, one of tlie best-defined and most closely

united of any of the Mammalia, But, though the original or com-
mon type has never been departed from in essentials, variation has
been very active among them within certain limits ; and the great
difficulty which all zoologists have felt in subdividing them into
natural minor groups arises from the fact that the changes in dif-

ferent organs (feet, skull, frontal appendages, teeth, cutaneous
glands, &c.) have proceeded with such apparent irregularity and
absence of correlation that the different modifications of these parts
are most variously combined in different members of the group. It

appears, however, extremely probable that they soon branched into
two main types, represented in the present day by the Cervidsi and
the Bmidas,—otherwise the Antlered and Honied Ruminants, In-

termediate smaller branches produced the existing Musk-Deer and
Giraffe, as well as the extinct Hdlndolherium inclining to the first-

named group and the extinct Sivaihcrium, Brahmatherium, Jly-
daspitherimn and others more allied to the latter, although upon
the true relationship of these forms there is a difference of opinion
between the two palsontologists who have paid most attention to

the group, Riitimeyer and Lydekker, but the materials forthcoming
at present are scarcely sufficient for forming a decided opinion.

The earliest forms of true Pecora, as Gclocus and Dranothcriinn
(Miocene), had no frontal appendages, and some few forms {Moschns
and Hydropotcs) continue to the present day in a similar case. In
the very large majority, however, either in both se.xes or in the

male only, a pair or occasionally two paiis (Tclraccros and the

extinct Sivnthcrium) of processes are aeveloped as weapons of

offence and defence from the frontal bones, these being almost always
formed on one or other of two types.

1. "Antlers" are an outgrowth of true bone, covered during
their growth with vascular, sensitive integument coated with
short hair. In this state they remain permanently in the Giraffe,

but in the true Cervidm, when the growth of the antler is complete,

the supply of blood to it ceases, the skin dies and peels off,

leaving the bone bare and insensible, and after a time, by a
process of absorption near the base it becomes detached from the
skull and is "shed." A more or less elongated portion or
" pedicle " always remains on the skull, from the summit of which

0 I
y'j.'.

I , V'.ilV •

Fi». 112.—Head of Deer {Cervui schombwgkii), showing Antlers. From Sclater,

I'roc. Zool. Sue, 1877, p. C82.

a new antler is developed. In the greater number of existing

species of Doer this process is repeated with great regularity at the
same period of each year. The antler may bo simple, straight,

subcylindrical, tapering and pointed, but more often it sends off

one or more brandies called " tynes " or " snags." Jn this case the
main stem is termed the "beam." Commonly all the briiiches

of the antler are cylindrical ami gradually tapering. Sometimes
thev are more or less expanded and flattened, the alitler being then
said to bo " palmated." In young animals tlie antlers are always
email and simple, and in those species in which they are variously

branched or jialmated, this condition is only gradually acquired in
several successive annual growths. An interesting ).arallel has been
observed here, as in so many other cases, between the development
of the race and that of the individual. The earliest known forms of

Deer, those of the Lower Miocene, have no antlers, as in the young
of the existing species. The Deer of the Middle Miocene have simple
antlers, with not more than two branches, as in existing Deer of

the second year. Species occur in the Upper Miocene with three
branches to the antlers, but it is not until the Upper Pliocene and
Pleistocene times that Deer occur with antlers developed with that
luxuriance of growth and beauty of form characteristic of some
of the existing species in a perfectly adult state. Among recent
Cfmtiffi, antlers are wanting in the genera, JIfoschiis aiiillydropolcs

;

they are present in both sexes in Tarandus (the Reindeer), and in

the male sex only in all others.

2. The " horns " of the liovidss consist of permanent, conical, usu-
ally curved, bony processes, into which air-cells continued from the
frontal sinuses often extend, called "horn-cores," ensheathed in a
case of true horn, an epidermic development of fibrous structure,

which grows continuously, though slowly, from the base, and wears
away at the apex, but is very rarely shed entire. The only existiui^

species in which such a process occurs regularly and periodically it

Fig. 113.—Head of Antefope {Gatella granti), showing Horns. From Str V.
Brootce, Proc, Zool. Soc, 1878, p. 724.

the American Prong-Buck (Anlilocapra), in which the horns al.so

differ from those of all others in being bifurcated. Horns are not
present at birth, but begin to grow very soon afterwards. The males
of all existing £o!t'rf« possess them, anil they are also present (though
usually not so fully developed) in the females of all except tlie

genera Portax, Tragclaphii.i, Procapra, Antilope, ,/Epyccros, Saiga,
Kobus, Ccrvicapra, Pclca, Nanotragiis, Neolragiis, and Tdraaros,^

Another character by which the different meml>crs of the Pecora
can bo distinguished is derived from the characters of the molar
teeth. Although there is nothing in the general mode and
arrangement of the enamel folds, or in the accessory columns,
absolutely distinctive between the two principal families, existing
species may generally be distinguished inasmuch as the true molars
of the Cervidm are " brachyodont," and those of the Bovidm
"hypsodont," i,e,, the teeth of the former have comparatively
short crowns, which, as in most mammals, take their place at once
with the neck (or point where the crown and root join) on a level

with or a little above the alveolar border, and remain in this-

' Sir Victor Broolic, Proc. Zool, Soe., 1878, p. 884.
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position throughout the animal's life ; whereas in the other forms,

the crown being lengthened and the root small, the neck does not

come up to the alveolar level until a considerable part of the sur-

face has worn away, and the crown of the tooth thus appears for the

greater part of the animal's life partially buried in the socket. In

this form of tooth (which is almost always most developed in the pos-

terior molars of the permanent scries), the constituent columns of the

crown are necessarily nearly parallel, whereas in Uie first-described

they diverge from the neck towards the free or grinding surface of the

tooth. In the more complete hypsodont form the interstices of the

lengthened columnar folds of enamel and dentine are filled up with

cementura, which gives stability to the whole organ, and which is

entirely or nearly wanting in the short-crowned teeth. The same

modification from low to high crowns without essential alteration of

pattern is seen in an even still more marked manner in some of the

Perissodactyle Ungxilates, the tooth of the Horse bearing to that

of AnchUhcrium (see Horse, vol. xii. p. 174) the same relation as

that of an Ox does to the early Selenodont Artiodactylcs. A
parallel modification has been also shown to have taken place in

the molar teeth of the Froboscidca (see p. 423).

As the hypsodont tooth is essentially a modification of and, as it

were, an improvement upon the brachyodont, it is but natural to

expect that all intermediate forms may be met with. Even among
the Deer themselves, as pointed out by Lartet, the most ancient have

very short molars, and the depressions on the grinding surface are

so shallow that the bottom is always visible, while in the Cervidse of

the more recent Tertiary periods, and especially the Pleistocene and

living species, these same cavities are so deep that whatever be the

state of the dentition the bottom cannot be seen. Some existing

Deer, as the Axis, are far more hypsodont than the majority of the

family ; and, on the other hand, many of the Antelopes (as Trag-

elaphus) retain much of the brachyodont character, which is, however,

completely lost in the more modern and highly specialized Sheep

and Oxen.

Family Cervid^.

Frontal appendages, when present, in the form of antlers. First

molar at least in both jaws brachyodont. Two orifices to the lac-

rymal duct, situated on or inside the rim of the orbit. An ante-

orbital vacuity of such dimensions as to exclude the lacrj-mal bone

from articulation with the nasal. Upper canines usually present

in both sexes, and sometimes attaining a very great size in the male

<sce fig. 114). Lateral digits of both fore and hind feet almost

Family B0VID.E.

Frontal appendages when present in the form of horns. Molars
usually hypsodont Usually only one orifice to the lacrymal
canal, situated inside the rim of the orbit. Lacrymal bone almost
always articulating with the nasal. Canines absent in both sexes.

The lateral toes may be completely absent, but more often they are

represented by the hoofs alone, supported sometimes by a very

rudimentary skeleton, consisting of mere irregular nodules of bone.

Distal ends of the lateral metapodals never present. Gall-bladder
—^most always,present. Placenta with many cotyledons.

The .FonV/a', or hoUow-hcvrned Ruminants (Cai'icorjii'n), form amost
extensive family, with members widely distributed throughout the

Old World, with the exception of the Australian region ; but in

America they are less numerous, and confined to tli£ Arctic and
northern temperate regions, no species being indigenous either to

South or Central America. There is scarcely any natural and well-

defined group in the wkole class which presents greater difficulties

of subdivision than this; consequently zoologists are as yet very

little agreed as to the extentand boundaries of the genera into which
it should be divided. The principal species will be found more
particularly described ynder the headings Antelope, Bison,

Buffalo, Cattle, Chamois, Eland, Gnu, Goat, Haktebef.st,
Ibex, Musk-Ox, Nylghau, Ox, Saiga, and Sheep.

Group TILLODONTIA.

Here may be noticed a remarkable group of animals,

called by JIarsh Tillodoulia, the remains of whicli are

found abundantly in the Lower and Jliddle Eocene beds of

North America, They seem to combine the characters of

the Ungulaia, Rodentia, and Camivora. In the genus

Tillotherium of Marsh (probably identical with the pre-

viously described Anchippodm of Leidy) the skull resembled

^^^tr-^

Fio. 114.—Sknll of Hydrcpc'es inerm-'^ (adult nia:c\ a Deer without Antlers, bnt
with largely-developed upptr canine teeth. X J. From Sir V. Brooke, Pfoc.
Zool. Soc, 1872, p. 424.

always present, and frequently the distal ends of the metapodals.
Placenta with few cotyledons. GaU-bladJec absent (except in
Mosch^xs). This family cont.iin3 numerous species, having a wide
geographical distribution, ranging in the New World from the Arctic
Circle as far south as Chili, and in the Old World throughout the
whole of Europe and Asia, but absent in the Ethiopian and Austra-
lian regions. For the characters of the generic subdivisions and
their distribution, see Stag, also Deeb, Muntjac, and Musk-
Deer.

Family Cajielopat.d.u.idje.

Frontal appendages consisting of a pair of short, erect,

permanent bony processes, ossified from distinct centres, arid

for a time suturally connected with the frontals, though after-

wards ankylosed to them, covered externally with a hairy
skin, present in both c;xes, and even in the new-bom animal.
Anterior to these is a median protuberance on the frontal and
contiguous parts of the nasal bones, which increases with age, and
is sometimes spoken of as a third horn. No upper canines.
Molars brachyodont. Lateral digits entirely absent on both fore

and hind feet, even the hoofs not developed.
This family contains but a single species, the well-known and

very remarkable animal the Giraffe, or Camelopard {Camelopar-
dalia giraffa). See GlAAFFE.

?ia. Hi.—Sknil at Tillolherium/odiens. J nat. aize. From Marsh.

that of the Bears, but the molar teeth were of the Ungulate

type, while the large incisors were very similar to those

of the Rodents. The skeleton resembled that of the

Carnivores, but the scaphoid and lunar bones were distinct,

and there was a third trochanter on the femur. The feet

were plantigrade, and each had five digits, all with long

pointed claws. In the allied genus Stylinodoii all the teeth

were rootless. Some were as large as a Tapir.

These, with other similar animals, constituting a group

called Txniodonta, are included by Cope in his large order

Bunotheria, to which also the existing Inseclivora are

referred. The constantly increasing knowledge of these

annectant forms adds to the diiBculty so often referred to

in this article of establishing anything like a definite classi-

fication of the heterodont mammals.

Oedee CAKNIVORA,

Though the Camivora as at present restricted ^ form a

very natural and well-defined order among the Mammalia,
it is difficult to find any important common diagnostic

characters by which they can be absolutely separated

;

but, as in the case of so many other natural groups, it is by

the possession of a combination of various characters that

' The Ferie of Linnteus included all the then known species of the

tfodem orders. Carniuora, Inseclivora, and Marsu^ialia,
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Ihey must be distinguished. TLey arc utiguiculate, mid

have never less than four well-developed toes on each foot,

with nails more or less pointed, rarely rudimentary or

•absent. The pollex and hallux are never opposable to the

other digits. They are regularly diphyodont and hetero

dont, and their teeth are always rooted.^ Their dentition

consists of small pointed incisors, usually three in number,

on each side of each jaw, of which the first is always the

smallest and the third the largest, the difference being most

marked in the upper jaw ; strong conical, pointed, recurved

canines; molars variable, but generally, especially in the

anterior part of the series, more or less compressed, pointed,

and trenchant ; if the crowns are fiat and tuberculated they

are never complex or divided into lobes by deep inflexions

of enamel. The condyle of the lower jaw is a transversely

placed half-cylinder working in a deep glenoid fossa of

corresponding form. The brain varies much in relative

size and form, but the hemispheres are never destitute of

well-marked convolutions. Tho stomach is always siiaple

and pyriform. The cfecum is either absent or short and

simple, and the colon is not sacculated or greatly wider

than the smiU intestine. Vesiculae sem^nales are never

present. Cowper's glands are present in some, absent in

other groups. The uterus is bicornuate. The mammae are

abdominal, and very variable in number. The placenta

is deciduate, and almost always zonary. The clavicle is

often entirely absent, and when present is never complete.

The radius and ulna are distinct. The scaphoid and lunar

bones are always united into one, an4 there is never a

distinct OS centrale in the adult. The fibula is always a
distinct slender bone.

The large majority of the species composing this order

subsist chiefly upon some variety of animal food, though
many are omnivorous, and some few chiefly, though not

entirely, vegetable eaters. -The more typical forms live

altogether on recently-killed warm-blood.!d animals, and
their whole organization is thoroughly adapted to a pre-

daceous mode of life. In conformity with this manner of

obtaining their subsistence they are generally bold and
savage in disposition, though some species are capable of

being domesticated, and when placed under favourable

circumstances for the development of such qualities exhibit

a very high degree of intelligence and fidelity. The order
is naturally divided into two suborders, the members of

oae being the more typical, and mainly terrestrial in their

mode of life, while those of the other are aberrant, having
the whole of their organization specially modified for living

liabitually in water. These are called respectively the True
or Pissiped and the Pinniped Carnivora.

StTBORDER CAnNIVORA VERA or FISSIPEDIA.

Generally adapted for terrestrial progression and mode
fif life, though some may be partially aquatic in their

habits. The fore limbs never have the first digit, or the
liind limbs the first and fifth digits, longer than the others.

Incisors § on each side, with very rare exceptions. Cerebral
hemispheres more or less elongated ; always with three or
four gyri on the outer surface forming arches above each
other, the lowest surrounding the Sylvian fissure. The
molar series of teeth have not the uniform characters of
those of the Pinnipedia. There is always one tooth in
each jaw which is specially modified, and to which the
name of " sectorial " or " carnassial " tooth has been applied.
The teeth in front of this are more or less sharp-pointed
and compressed ; the teeth behind it are broad and tuber-
culated. The characters of the sectorial teeth deserve
special attention, as, though fundamentally the same

The tusks of the Walrus, altogether so aberrant in its dentition, are
partial cxceptious to this statement, but iu old iudividuala tlio pulp
•cavity fills up, and they cease to grow,

ir,-i7

throughout the suborder, thfey are greatly modified in

difi"erent genera. The upper sectorial is the most posterior

of the teeth which have predecessors, and is therefore

reckoned as the last premolar (p 4 of the typical denti-

tion). It consists essentially of a more or less compressed

Fig. lie—Upper Scclorlnl Teeth of Carnicora. I. Felis; 11, Cam's; III, Ursus.

1, unteiior, 2, middle, and 3, posterior cusp of blade; 4, inner lobe supported
on distinct root; 5, inner lobe, posterior in position, and without dislinct root,

characteristic of the Ui-sidiB.

blade supported on two roots and an inner lobe supported

by a distinct root (see fig. 116). The blade when fully

developed has three cusps (1, 2, and 3), but the anterior is

always small, and often absent. The middle lobe is conical,

high, and pointed ; the posterior lobe has a compressed

straight knife-like edge. The inner lobe (4) varies very

much in extent, but it is generally placed near the anterior

end of the blade, though sometimes it is median in position.

Fig. 117.—Modifications of the Lower Sectori,*! Tooth In Carnivora. I. Felis;

11, Cams; III, Btrptstes; IV, Lutra; V, Uetts; VI, Vrsus. 1, anterior

lobe of blade; 2, posterior lobe of blade; 3, inner tubercle; 4. heel. It wiM
be seen ttiat the relative size of the two l;oot3 varies according to the develop-

ment of the porUon of the crown they have respectively to support.

In the Ursidie alone both inner lobe and root are wanting,

and there is often a small internal and posterior cusp (5)

without root. In this aberrant family also the sectorial is'

relatively to the other teeth much smaller than in the rest

of the Carnivora. The lower sectorial (see fig. 117) is the

mo&t anterior of the teeth without predecessors in the milt

series; it is therefore reckoned the first true molar (?« 1).;

It has two roots supporting a crown, consisting when fully

developed of a compressed bilobed blade (1 and 2), a heel

(4), and an inner tubercle (3). The lobes of the blade, of

which the hinder (2) is the lareer. are separated by a notch,



434 M A M M A L I A [CAENI\'0RA.

generally prolonged into a linear fissure. In tbe most

specialized Carnivora, as the Fclidx (I.), the blade alone is

developed, both heel and inner tubercle being absent or

rudimentary. . In others, as Meka (V.) and Ursus (VI.),

the heel is greatly developed, broad, and tuberculated. The
blade in these cases is generally placed obliquely, its flat or

jonvex (outer) side looking forwards, so that the two lobes

are almost side by side, instead of anterior and posterior.

The inner tubercle (3) is generally a conical pointed cusp,

placed to the inner side of the hinder lobe of the blade.

The special characters of these teeth are more disguised in

the Sea. Otter iEnhydra) than in any other fonn, but even

uiit they can be traced.

The 'toes are nearly always armed with large, strong,

curved, and tolerably sharp claws, ensheathing the ungual

phalanges, and held more firmly in their places by broad

larainse of bone reflected over their attached ends from the

bases of the phalanges. In some forms, most notably the

Felidse, these claws are "retractile." The ungual phalanx,

with the claw attached, folds back in the fore foot into a

sheath by the outer or ulnar side of the middle phalanx of

the digit, being retained in this position when the animal

is at rest by a strong elastic ligament. In the hind foot

the tragnal phalanx is retracted on to the top, and not the

Bide of the middle phalanx. By the action of the deep flexor

muscles, the ungual_ phalanges are straightened out, the

claws protruded from their sheath, and the soft " velvety
"

paw becomes suddenly converted into a most formidable

weapon of offence. The habitual retraction of the claws pre-

serves their points from wear in ordinary progression.

The Fissipedal Carnivora were divided by Cuvier into two

groups, according to the position of the feet in walking,

—

the Plantigrada, or those that place the whole of the soles

to the ground, and th.i Digitigrada, or those that walk only

on the toes ; and the difference between these groups was

considered of equal importance to that which separated

from them both the Pinnigrada or Seals. The distinction

is, however, quite aft artificial one, and every intermediate

condition exists between the extreme typical plantigrade

gait of the Bears and the truly digitigrade walk of the Cats

and Dogs ; in fact, the greater number of the Carnivora

belong to neither one form nor the other, but maybe called

"subplantlgrade," often when at rest applying the whole

•f the sola to the ground, but keeping the heel raised to a

greater or less extent when walking.

A more natural classification is into three distinct

sections, of which the Cats, the Dogs, and the Bears

may be respectively taken as. I'epresentatives, and which
are" hence called uEltiroidea, Cynoidea, and Arctoidea.

This division is founded mainly on characters exhibited by
the base of the skull, but is corroborated by the structure

of other parts.^ The presence or absence of a bridge of

bone, covering the external carotid artery in a part of its

course by the side of the alisphenoid bone, and enclosing

the "aKsphenoid canal," a character to which the late Mr
H. N. Turner first drew attention, might seem unimportant
nt first sight, but it is curiously constant in certain groups,

which we have other reasons, derived often from a com-
bination of less easily definable characters, to regard as

natural. It is therefore generally mentioned in the folbw-
iog family definitions.

Section ^uteoidea.
The ^luroidea or Cat-like forms inclade tbe Felidm, Fiverridm,

Prplelidm, and Uyxnidee.

"-' See W. H. Flower, " On the Value of the Charaotevs of tht Base
of the Cranium in Tte Clsssificition of the order Camimra,' Proc.
Zool. Soc, 1869, p. 4 ; St George Mivart, "On the Classification and
Distribution of the Jiluroidea," ibid., 1882, p. 136; and Id., The
Cat, an Introduction to the Sludy qf liackboaed Anitaals, esvecially
Kuwait. U81.

Fumihj Felid^:.

True molars reduced to one .ibove ami below, that of the nppcr
jaw very small and transversely extended. Only two inferior pfe-'

molars. Auditory bulla not externally constricted, but internally
divided by a septum. No alisphenoid canal. Carotid canal voy
minute. Digits 5-4. Dorsal vertebrie 13.

Fclis.—The whole structure of the animals of this genos ex-
hibits the carnivorous type in its fullest perfection. Dentit»mi
* 3i <^ }> J» *. "! i = r ; tot"! 30. The upper anterior preinolai^'

always small, may sometimes be absent without any other modife-
cation in the dental or other structure.^. Such a variation tjiould
not therefore be considered as of ceneric importance. Incisora very
small. Canines large, strong, slightly recurved, with trenchant
edges and sharp points, and placed wide apart. Premolars com-
pressed and sharp-pointed. "The most posterior in the upper jaw (tlis

BPiitnrial) a very large tooth, consisting of a subcompresseil blail^
divided into three imequal cusps supported by two roots, with a.

very small inner lobe placed near the front end of the tooth and
supported by a distinct root. The upper true molar a very small
tubercular tooth placed more or less transversely at the inner side
of the hinder end of the last. In the lower jaw the true molar
(sectorial) reduced to the blade alone, which is very large, trenchant,
and much compressed, divided into two subequal lobes. Occasion-
ally it has a rudimentary heel, but never an inner tubercle. The skuQ
generally is short and rounded, though projiortionally more clou-
gated in the larger forms. The facial portion is especially short and
broad, and tbe zygomatic arches veiy wide and strong. Tlie auditory
bulte are large, rounded, and smooth. Vertebra: C 7, D 13, L7,
S 3, C 13-29. Clavicles better developed than in other CarniTcrra,

but not articulating with either the shoulder bones or stemnai.
Limbs digitigrade. Anterior feet with five toes, the third and
fourth nearly etjual and longest, the second slightly and tho fifth

considerably Shorter ; the pollex still shorter, not reaching as &r
as the metacarpo-phalangeal articulation of the second. Hind feet

with only four toes. The third and fourth the longest, the second
and fifth somewhat shorter and nearly equal ; the hallux represented
only by the rudimentary metatarsal bone. The claws all very
large, strongly curved, compressed, very sharp, and exhibiting the
retractile condition in the highest degree. The tail varies greatly

in length, being in some a mere stump, in others nearly as long as.

the body. Ears of moderate size, more or less triangular acd
pointed. Eyes rather large. Iris very mobile, and with a
pupillary aperture which contracts under the influence of light in
some species to a nairow vertical slit, in others to an oval, and in.

some to a circular aperture. Tongue thickly ctrvered with sharp-
pointed, recurved horny papilla. Caecum small and simple.

As in structure so in habits, the Cats may be considered the roost

specialized of all the Carnivora. All the known members of tht-

genus feed, in the natural state, almost exclusively on warm-bloodeil
animals which' they have themselves killed. One Indian species

(F. vivcrrina) is said to prey on fish and even freshwater molioscs.

Unlike the Dogs, they never associate in packs, and rarely hunt'tbeir
prey in open ground, but from some place of concealment trait

until tie unsuspecting victim comes within reach, or with noiselees

and stealthy tread, ciouehing close to the gronnd for concealment,
approach near enough to make the fatal spring. lu this maimer
tfiey frecfuently attack and kill animals considerably exceeding their
own size. They are mostly nocturnal, and the greater number,
especially the smaller species, more or less arboreal. None are
aquatic, and all take to the water with reluctance, though some maj
habitually haunt the basks of rivers or pools, because they taore
easily obtain their prey io-«uch situations. The numerous species

of the genus are very widely did'used over the greater part of the
habitable world, though most abundant in the'warm latitudes of
both hemispheres. No species are, however, found in the Australian

region, or in Madagascar. Although the Old-World and New-
World Cats (except perhaps the Northern LjTix) are all specifically

distinct, no common structural character has been pointei out by
which the former can be separated from the latter. On the con-
trary, most of the minor groups into which the genus has been
divided have representatives in both hemispheres.

Notwithstanding the considerable diversity in external oppearanoe
and size between ditfercnt members of this extensive genus, the
structural differences are but slight, and so variously combined in
different species that the numerous attempts hitherto made to
subdivide it are all unsatisfactory and artificial. The principrf

differeneea are to be found in the form of the cranium, especially of
the nasal and adjoining bones, the completeness of the bony orbit

posteriorly, the development of the first upper premolar and of tbe
inner lobe of the upper sectorial, the length of the tail, the form of

the pupil, and the condition and coloration of the fur, especially

the presence or absence of tufts or pencils of hair on the external
ears. There is one decidtdly aberrant form, which enables us to

divide the genus into two sections, to which the rank of genera is

sometimes accorded.

1. Felis proper.—A distinctly cusped inner lobe to the upper
sestorial tooth. 'Jlaw^ completely retractile. There are aboat
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fifty species, of w'-"'- the following are the most important and best
known.

A. Old- IVorld Species.

For F. leo, see Lion ; and for F. tigris, see Tiger. With regard
to F. pardus, the Leopard or Panther, it is still a matter of un-
certainty wliether the large spotted Cats to which these names
are given, found chiefly in wooded districts through nearly the
whole of Africa and the warmer parts of Asia as far as Japan, belong
to one or several species. See Leopakd. F. uncia, the Ounce,
inhabits the highlands of Central Asia, from the snowy mountains
qf Tibet to the southern parts of Siberia, at altitudes of from 9000
to 18,000 feet above the sea. It is about the size of the common
Leopard, biit lighter in colour, with longer fur and leas distinct
spots. Its skull differs in shape from that of all tho other Fclidm,
the facial portion being very broad, the nasal bones especially being
wide and depressed, and the zygomatic arches very strong ami
deep. F. macrocclis, the Clouded Tiger, is a beautifully marked
species, with elongated head, and body, long tail, and rather short
limbs. The canine teeth are proportionally longer than in any exist-

ing member of the genus. It is thoroughly arboreal, and is found
in the forests of south-east Asia and the islands of Sumatra, Java,
Borneo, and Formosa. F. scrval, the Serval, from South Africa, is

yellow with black spots, and has a short tail and large ears.

Numerous smaller species called Tiger Cats and Wild Cats, many of
them by no means clearly defined zoologically, are found through-
out the warmer parts of Asia and Africa. The Wild Cat of Europe,
/'. caiiis, still inhabits the mountainous and wooded parts of Great
Britain. The Domestic C;it is an introduced species, and generally
supposed to be derived from F. maniculala of Egypt and Syria.

Moderate-sized Cats, witli short tails, rather long limbs, especially

the hinder ones, and tufts or pencUs of hair on their cars, are called

Lynxes. See Lyxx.
B. New- World Species.

'

F. coiuolor, the Puma or Couguar, commonly called "Panther"
in the United States, is about the size of a Leopard, but of an uni-
form brown colour, spotted only when young, and. is extensively
distributed in both North and South America, ranging between
the parallels of 60° N. and 50° S. F. onea, the Jaguar, is a larger

iind more powerful auimal than the last, and more resembles the
Leopard in its colours. It also is found iu both North and South
America, but with less extensive range, reaching northwards only
as far as Texas, and southwards nearly to Patagonia, See Jaguar.
F. pardalis, and severiJ allied smaller elegantly-spotted species in-

habiting the intratropical regions of America, are commonly con-
founded under the name of Ocelot or Tiger Cat. F. yaguarimdi,
rather latter than tho Domestic Cat, with an elongated head and
body, and of a uniform brownish-grey colour, ranges from Mata-
moras to Paraguay. F. eyra is a small Cat, very Musteline in form,
having an elongated head, body, and tail, and short limbs, and is also

of a uniform light reddish-brown colour. It is a native of South
America and Mexico. F. pajeros is the Pampas Cat. Four species

of Lynx are described from North America, but it is doubtful
whether these are specifically distinct from each other and from
tho Lynx of northern Europe.

2. Cyneelurus.—Sometimes considered as a distinct genus. The
Cheetah or Hunting Leopard, F./wiate, is distinguished fromtheother
Fclidm by the inner lobe of tho upper sectorial, though supported
by a distinct root, having no salient cusp upon it, by the tuliercular

molar being more in a line with the other teeth, and by the claws

being smaller, less curved, and less completely retractile, owing to

the feebler development of the elastic ligaments. The skull is short
and high, with the frontal region broad and elevated in consequence
of the large development of the frontal air-sinuses. The head is small
and round, the body light, the limbs and tail long. Its colour is

pale yellowish-brown with small black spots. The Cheetah is less

savage and moro easily tamed than most of the Cats. In Asia it

has been trained for the chass of the Antelope. It has rather an
extensive geographical range from the Cape of^ Good Hope, through-
out Africa and ^he south-western parts of Asia, as far as southern
India.

Fossil Felidm.—Numerous extinct species of the genus are found
in Pleistocene, Pliocene,and even later Miocene deposits -n Europe,

Asia, a;id America. Among them is the Cave Lion, F. spelma, which
can scarcely bo separated specifically from F. leo, and of which
abundant remains arc found in caves in England and other parts of

Europe. F. cristata, from tho Siwalik Hills, intermediate in size

between a Tiger ana Jaguar, is distinguished from the other /Wtrfs;

by the shortness of the faco as compared with the cranial part of the

sicnlU These and many others, mostly of smaller size, present no
greater modifications of form than the various existing members of

the genus Felis, and can therefore bo properly included within its

limits ; but numerous other forms are gradually becoming known,
especially through the researches of American paleontologists,

tfhich, though cridently animals of tho same general typo and
ihoreforo to be included in thfl family Felitlse, depart so much in

vnrions details of structure that they must be placed in different

genera. As one of the points in which Felis manifests its special-

4i50

ization is the reduction of the number of the molar series of teeth,
with "oncomitant shortening of the jaw.s, it might bo supposed
that in the earlier and I)erhap3 ancestral forms these teeth jvonld
be more numerous and a[tproaoh more nearly to the primitive or
typical number of the hettrodont mammals, viz., seven on each side.

This is actually the case. One European form (also recently found
in America) to which Gervais has given the name of Pseudxlurus,
of Miocene age, h.as the dentition oi Felis with an addition of one
premolar in the lower jaw ; but others have a still larger number, as
ATchxluriis debilis of Cope from the American Miocene, about the
size of a Panther, which has four jiremolars and a tubeicular molar
in the upper jaw, and three premolars and two molars iu the lower
jaw. A tubercular molar in the lower jaw, behind the sectorial, also
occurs in ^lurogale, ZJi)i!c<i>, and Mimraviis. Another tendency
to generalization is the existence in some forms, as I/oplopkoneus,
of a posterior lobe or heel to the inferior sectorial, found in nearly
all Carnivores except the existing Felidse. On the other hand some
of the extinct Felidx show a most remarkable tendency towards a
specialization not occurring in any of the sur\'iving members of the
family, viz., an enormous development of the upper canines, with
which is usnally associated an expansion downwards and flattenin"
of the anterior part of tho ramus of the lower jaw, on the outer side
of which the canine lies, when the mouth is closed. In Smilodon
n3eogeus, the Sabre-toothed Tiger, from the caves of Brazil and also
from Pleistocene deposits near Buenos Ayres, an animal about the
sizeof a Tiger, these teeth are 7 inches in length, greatly compressed,
and finely serrated on the trenchant anterior edges. Similar serra-
tions are seen on a much fainter scale in the unworn teeth of modern
Tigers. Many modifieationsof this commonly-called "mach^rodont"
type have been met with both in the Old and New World to which
the names of Maehacrodus, Drepanodon, Smilodon, Uoplophor.^U!i,
Dinictis, Pogonodon, &c. , have been given. A very remarkable fortn,

Eusmihis, differs from all other known Felines in having only foiVr

incisors in the lower jaw, and a pair of small canines separated
by a very long diastema from the next teeth, which consist only of

'

one premolar and one sectorial true molar. The lower jaw is

enormously expanded towards the symphysis to protect the large
upper canines. This animal then, although of Eocene age, appears
to form the culminating development of the sabre-toothed or machce-
rodont dentition, the most specially carnivorous type of structure
kuowu.
Cope divides all the known Feline animals into two families,

Felidx and Nimravidse,^ distinguished by the characters of the
foramina at the base of the cranium, the former being of more
modern origin than the latter, the members of which are all

extinct, and which seem to connect the Cats with still more
primitive types of Caniivora.

Family V1VEKKID.S.

Premolars t orj. Molars { or §. Auditory bulla externally con-
stricted, and divided by a septum. An alisphenoid canal (with very
rare exceptions). Carotid canal distinct as a gioove on the side of
the bulla. Digits usually 5-5, but sometimes the poUex or liallux

or both may be wanting. Dorsal vertebrffi 13 or li. Limited in
distribution to the Old World.
The subfamily Crj^jtoproctinsB contains the single genus Cryp-

toprocla. Dentition : i I, c \, p i, m \ = ^, total 36. The teeth
generally closely resemble those of the Felidx. The first premolar
of both jaws is very minute and early deciduous. The upper
sectorial has a very small inner lobe, quite at the anterior part of
the tooth. The true molar is very small and placed transversely.

The lower sectorial has a large trenchant bilobed blade, and a very
minute heel, but no inner tubercle. Skull generally like that of

Felis, but proportionately longer and narrower. Orbit widely open
behind. Vertebra: C 7, D 13, L 7, S3, C 29. Body elongated.

Limbs moderate in size. Feet subplantigrade ; five well-developed
toes on each, with sharp, compressed, retractile claws. Ears mode-
rate. Tail long and cylindrical.

The only known species, C. /crax, the " Foussa " of the Malagasy,
is peculiar to Madagascar, being the largest carnivorous animal in

the island. It is about twice the sizeof the common Cat (5 feet from
nose to end of tail), with short close fur of nearly uniform pale brownJ
Little is as yet known of its habits, except that it is nocturnal, fre-

quently attacks and carries off goats, and especially kids, and shows
great ferocity when wounded, on which account it is much dreaded
by tho natives.

The remaining numerous specific and generic modifications found
in the existing animals belonging to this family seem to group
themselves mainly into two tolerably distinct groups, distinguishable
by the characters of tho auditory bulla and neighbouring parts of

the base of the skull, and by the structure of the feet. The one
form has the genus Viverra or Civet Cats for its most typical repre-

sentative, and the other Bcrpciks or the Ichneumons.
Subikmily Viverriiua.—Auditory bulla oval or rather conical,

broad and truncated and not everted behind, narrow in front and

1 " Ou tlie Extinct Coti ot Amcric»," Amirican KaluralUI, December ISSD.
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more or less coinpresseJ at tlie sides. Tlio outer or anterior

chamber very small and flat. The meatus with scarcely any inferior

lip, its orifice being close to the tympanic ring. ParoccipiUil pro-

cess triangular, its apex projecting slightly beyond the bulla. Claws

strongly cur%'ed and more or less retractile.

K(f«i-ra.—Dentition: t i, c \, p }, in |-}S ; total 40. Sknll

elongated ; facial portion small and compressed. Orbits well-

defined but incomplete behind. Vertebrae : C 7, D 13, L7 (or D 14,

L 6), S 3, C 22-30. Body elongated and compressed. Head
pointed in front ; ears rather small. Extremities short Feet

small and rounded. Toes short, five on each foot. First toe both

on fore and hind feet much shorter than the others. Palms and

Roles covered with hair, except the pads of the feet and toes, and

in some species a narrow central line on the under side of the sole,

extending backwards nearly to the heel. Tail moderate or long.

A pair of large glandular follicles sitnatcd on the perineum (in botii

sexes), and secreting in most species an oily substance of a

peculiarly penetrating odour.

Tho numerous species of this genus form a large series, the two
e.xtremes of which differ considerably, but tho several sections into

which they may be divided blend so into one another that it is

difficult to differentiate them sharply. (1) FiiCiTni proper. This
includes the largest species. The teeth are stouter and less com-
pressed than in the other sections. The second upper nxolnr

especially larger. The auditory bulla smaller .and more pointed in

front. Body shorter and stouter ; limbs longer ; tail shorter,

tapering. Under side of tarsus completely covered with hair.

Claws longer and less retractile. Fur rather long and loose, and
ill the middle line of the neqk and back especially elongated so as

to form a sort of crest or mane. Pupil circular when contracted.

Perineal glands greatly developed. These characters apply especially

to K. cicctta, tho African Civet, or " Civet Cat" as it is commonly
called, an animal rather larger than a common Fox, and an inhabi-

tant of inlralropical Africa. V. zibetlci, the Indian Civet, of about

equal size, approaches in many respects, especially in the characters

of the teeth and feet and absence of the crest of elongated hair on
the biiek, to the next section. It inhabits Beng.al, China, the

Malay Peninsula, and adjoining islands. V. taiigalunga is a

smaller but nearly allied animal from the same part of the world.

. From these three species and the next the civet of commerce, once

so much admired as a perfume in England, and still largely used

in the East, is obtained. The animals are kept in cages, and
the odoriferous secretion collected by jfraping the interior of tlie

perineal follicles with a spoon or spatula. (2) Viterrkula. This

section resembles generally the next, but with the whole of the

under side of the tarsns haii-y. Alisphenoid canal generally absent.

V. malaccensis, the Rasse, inhabiting India, China, Java, and
Sumatra, is an elegant little animal, which affords a favourite

perfume to the Javanese. (3) Gcnetla. The Genettes are smaller

animals, with more elongated and slender bodies, and shorter limbs

than the Civets. Skull elongated and narrow. Auditory bull.i

large, elongated, rounded at both ends. Teeth compressed and
sharp-pointed ; a lo.be on the inner side of the third upper premolar

not present in the previous section. Pupil contracting to a linear

aperture. Tail long, slender, ringed. FuT short and soft, spotted

or cloudy. Under side of the tarso-metatarsus with a narrow longi.

tudinal bald streak. V. gcnctUi, the cojnmon Genette, is found in

France south of the river Loire, Spain, south-western Asia, and
Africa from Barbary to the Cape. V. fclina, setiegalcmis, ligiina,

and pardalis are other named species, all African in habitat. (4)

fosao. V. fossa, from Madagascar, may belong to a distinct section

or genus, but its structure is very imperfectly known. (5) In some
of the smallest species the second upper molar (already reduced to

very small dimensions in the Genettes) is absent ; in other resi)ects

their dentition agrees with section 3. V. gracilis and V. pardicolor,

both from southern Asia, constitute the genus Prionodon of Hors-

field ; y, richardsonil, from West Africa, the genus Poiana of Gray.

The former has the liack of the tardus hairy, the latter has a narrow
naked streak as in the Genettes.

All the animals of this genus are, for their size, extremely active,

fierce, and ranacious. They feed chiefly on small mammals and
birds.

Arcliclis.—Dentition: « J, e f. y 1. "i ? = !S ; total 40. The
posterior upper melar and the first lower premolar very often absent
Molar teeth generally small and rounded, with a distinct interval

between every two, but formed generally on the same pattern as

Parodoxurm. Vertebrae : C 7, D 14, L 5, S 3, C 34. Body elon-

gated. Head broad behind, with a small pointed face. Whiskers
long and numerous. Ears small, rounded, but clothed with a
pencil of long hairs. Eyes small. Limbs short. Soles and palms
oroad, entirely naked.' Tail very long and prehensile. Fur
long and harsh. Caecum extremely smalL But one species is

known, A. bintnrong, the Bintnrong, an inhabitant of southern
Asia from Nepal through the Malay Peninsula to the islands of

Sumatra and Java. Although structurally agreeing closely with
the Paradoxures, its tufted ear?, long, coarse, and dark hair, and
'•relieusile tail give it a very difFcrent external appearance. ._ U is

slow and c.-iutions in its movements, chiilly if not entirely arboreal,
and appears to feed on vegetable ns will .as animal substances.

P«)nrfojri(rHS.—Dentition: i 3, c |, i> }, hi ? = |S; total 40. - The
blunt and roumled form of tho cusps of the hinder premolar
and the molar teeth distinguishes this genus from most of tlw
members of the family. Vertebra : 7, D 13, L 7, S 3, C 29-36.
Head pointed iu front. Ears small, rounded. Body long. Limbs
moilerate. Palms and soles almost entirely naked, (flaws com-
pletely retractile. Tail long, non-prehensile. The Paradoxures
or Palm-Civets are less strictly carnivorous th.in the othcrmembers
of the faii.ily. They arc mostly about the size of tho common Cat,
or rather larger, and are partly arboreal in their habits. The species
arc rather numerous, and present considerable variations in the
details of the form and size of their moLar teeth. They orn
l-estrictcd geographically to southern Asia and the Indo-Mal.ayau
nrchiiwlago. The best known species are P. bmdar, P. zcylani'cwi,

P. lijpus, P. musaiiga, P. lanata, and P. grayi. P. virgala has
been sejiarated from tho others, and raised into a distinct genus,
Arctogah, on account of the smallness of tho teeth and the elonga-
tion of the bony riolate. Otherwise it seems not to diOur from tho
others.

Nandinia contains ono species, n. oinolala, a somewhat aberrant
Paradoxure, from West Africa. It is rather smaller than the truo
Paradoxures, has smaller and more pointed molar teeth, and no
c.i-cum. The wall of tho inner chamber of tho auditoiy bulla
remains through life unossified.

Hcinigalat, another modification of the Paradoxure type, con-
tains one species, Jl. hnrdicickii, from Borneo, an elegant-looking
animal, smaller and more slenderthan the Paradoxures, of light gi'Cjj

colour, with transverse broad dark bands across the back and loiiisj

Cynognlc also contains one species, C. ImncUii, Gray (described bj|

S. Miiller under the name oiPolamojihibis lurbatus), from BorneoJ
This is a curious Ottcr.liko modification of the Viverrine ty|ic,

having senii-aquatio iiabils, both swimming in the water and climb-
ing trees, living upon fish, Crustacea, small maininals, biiils, and fruit.

The number and general arrangement of its teeth are as in Para-
domriis, but tho preniolare are iieculiarly elongated, compressed,
pointed, and recurved, somewhat as in the Seals, though the molars
are tuberculated. The head is elongated, the muzzle broad and
depressed. Whiskers very long and abundant. Ears small and
rounded. Toes short and slightly webbed at the base. Tail short,

cyliudiical, covered with short hair. Fur very dense and soft, of

a dark brown colour, mixed with black and grey.

Subfamily Herpestinae.—Auditory bnlla very prominent, and
somewhat pear-shaped, tho posterior chamber beinglarge, rounded,

and generally with its greatest prominence to the outer side. TliB

anterior chamber considerably dilated, and produced into a short

inferior wall to tho auditory meatus, in which is a depression or
vacuity just below tho centre of the opening of the uieatua.

Sometimes this vacuity is continued into the meatus, forming a
narrow fissure. The paroccipital process does not project beyond
the bulla, but is spread oot and lost (in adult animals) ou its

IKisterior surface. Toes straight ; claws lengthened, exseitcd, non-
retractile.

^i;/7)es(cs.—Dentition : t J, e }, p i, sometimes 5, m i ; 40 or 36.

Teeth of molar scries generally with strongly-developed, sharjily-

poiuted cusps. Skull elongated, constricted behind the oibits.

race short and compressed. Frontal region broad andarched. Post-

orbital processes of frontal and malar bones well-developed, gene-

rally meeting so as to complete the circle of the orbit behind.

Vertebra: C 7, D 13, L 7, S3, C 21-26. Head pointed in front

Ears short and rounded. Body very long and slender. Extrem-

ities short Five toes on each foot, the first especially that on the

hind foot, very short Toes free, or but slightly palmated. Palms
naked. Distal jiortion of soles naked, under surface of tarsus and
metatarsus clothed with hair. Tail long or moderate, generally thick

at the base, and sometimes covered with more or less elongated hair.

The longer hairs covering the body and tail almost always annulated.

This genus contains a very large number of animals commonly
called lehneuiuous, or in India Mongooses, varying in size irom
that of a large Cut down to a Weasel. They arc widely distnbuted

over the African continent and the southern parts of Asia, especially

India and the Indo-.Malayan archipela-'o, one species occuning also

in S[«!n. They are mostly terrestrial in their hubit3, fee<ling on
small marainaU and birds, reptiles, es[iecially snakes, eggs of birds

and reptiles, and also insects. Some siwcics aie partially domesti-

cated, being used to keep houses clear of rats, mice, and snakes-

//. icJiiieutitoH was a sacred animal to the ancient Egyptians.

They vary considerabl)*. in appearance, some, as i/. galcra (als<

called paliidiHO-iiia and rubivliis), are larger and heavier, with

stouter body, longer limbs, asd stronger teeth. Others are small,

with very elongated bodies and short legs. Tho tail also varie*

somewhat in length, anil in the amount of hair with which it ia

covered. These trivial differeiic'es have given rise to the formation

by some zoologists of very numerous genera, the characters of which

arc by no means clearly dehiird, but the following ate tbc most di»
tinct and gener.illy lecognized.
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Ilelogalc, pi-cniolars j, containa two small Soutli-Africon species,

}I. panula and H. undulala.
Bdcogale contains also two small Ichneumon-like animals

S. crassicauda and puisa, dilTering from ^cr^icstes proper in having
only four toes on each foot, both pollex and hallux bein<! abspnt.

The orbit is nearly, comnlete, the tail of moderate length and rather
bushy.

Cynidis.—I'ollcx present, but hallux absent. Skull shorter and
broader than in Ucrpcstes, ratlier contracted behind the orbits,

which are large and complete behind. Face sliort. Anterior
chamber of the auditory bulla very large. Front claws elongated.

C. penicUlitia, from South Africa.

All the foregoing Herpestines have the noso short, with its under
surface flat, bald, and with a median longitudinal groove. Tlie

remaining forms have the nose more or less produced, with its

Dnder side convex, "and a apace between the nostrils and the npper
lip covered with close adpresscd hairs, and without any median
groove.

Rhint>gale.—Toes 5-5. Claws.of fore feet short, compressed, acute.

Under surface of tarsus hairy. Founded on a single specimen from
East Africa, R. mcllcri.

Crossarchiis.—Dentition: i J, c J, p j, m j; total 36. Snout
elongated. Toes 5-5. Claws on fore feet lojig and curved. Hallux
very short. Under surface of tarsus naked. Tail shorter than the

body, tapering. Fur harsh. Species : 0. obscu7'us, the Kusimanse,
a small burrowing animal from West Africa, of uniform dark-brown
colour; C. fasciatits ; C. ::cbra; C. gambiamis.

Suricata.—A more distinct genus than any of the above. The
dental formula as in the last, but the teetli of the molar'series

reiparkably short in the antero-posterior direction, corresponding
with the ahortaess of the skull generally. Orbits complete behind.
Vertebra: C 7, D 15, L 6, S 3, C 20. Though the head is short and
broad, the nose is pointed and rather produced and movable. Ears
very short. Body shorter and limbs longer than in llcrpcstes.

_ Toes
4-4, the pollex andhallux being absent. Claws on fore feet vcy long
and narrow, arched, pointed, and subetjual. Hind feet with much
shorter cla\is, soles hairy. Tail rather sliorter than the body. One
species only is known, the Suricate, S. tctradaclijla, a small grey-
brown animal, with dark transverse stripes on the hinder part of
the back, from South Afiica.

Galididis, Galidca, and Hcmigalidia are names of three slight
generic modifications of the Viverrine type, allied to the Herpes-
lines, but placed by Mivart in a distinct subfamily, Galidielinm.

They are all inhabitants of Madagascar. The best-known, Galidia
clegans, is a lively Squirrel-like little animal with soft fur and a
long bushy tail, which climbs and jumps with agility. It is of a
chestnut-brown colour, the tail being annulated with darker brown.
Oalidictis vitiala and striata chiefly differ from the Ichneumons in

their coloration, being grey with parallel longitudinal stripes of
dark brown.

EitpUres is another form, also from Madagascar, which has been
placed in a subfamily apart. It differs remarkably from all the
other Vivcrridx in the weak development of the jaws and the small

suhequal toes. Claws all strong, blunt, subcompressed, and non-
retractile. The Keneral external appearance is very like that ol
a small striped Hy:fna, but the muzzle is more pointed and the ears
larger. It has a copious mane of long hair, capable of being

Fio. 118.—SkuU o( Euflcni gouJoli.
J iml. size. Mus. lioy. CoU. Surgconn.

size of the teeth, in consequence of which it was, when first dis-
covered, placed inthe order Inseclii-ora. Dentition : i i c 1 vi
« i - 40 Vertcbrte

: C 7. D .13. L 7, S S, C 20. Hut ono'specifs ii
known, E. goudoti.

'^

Family IIv.i:Niri.E.

No alisnhcnoid Canal. Dorsal vcrtobrie 1 5. Molars}. Limited
to the Olil World.
Subfamily Protelidre. -Auditory bulla divided into two dis-

tmct chambcri. Premolar and molar teeth very small and siniplo
in character. '

This group contains but a single species, belonging to the genus
rroteles P cristal„s, the Aard-Wolf or Eavth-AVolfof the Dutch
colonists of the Cape, an animal nearly allied to the Ilyienas, but
remarkably Tnodilied in its dentition, the molar teeth beiii" very
small placed far apart, and almost rudimentary in character (see
iig. IIJ). Iho canines are long <,.ii rather slender. Tho dental
formula is i }, c }, ;> and m j^.-,-^, ; total 30 or 32. Vcrtebnc •

C 7, J) 15, L 5, S 2, 24. 'Thofore feet with five toes; jio pollex.
Uiongh shoit. with a distinct claw The hiud feet with four

Fig. 119.—Sluill and Dentition of PrMchs crislalus. x |.
Mus. Itoy. Coll. SuiRLons.

erected, when the animal is excited, along the middle line of tho
neck and buck. It is a native of South Africa, and is a burrowing
nocturnal animal, feeding on decomposing animal substances, larva?,
and termites. Observations upon specimens in captivity indicate
that it has neither inclination nor power to sttack or feed upon
living vertebiated animals.

Subfamily HyffinidBe.—Avuditory bulla not divided byaseptum
into two chambers.

//</«««.—Dentition : i 5, c i, p J, m J-f; total 34. Teeth,
especially canines and premolars, very large, strong, and conical
Upper sectorial with a very large, distinctly trilobed blade and
a moderately developed inner lobe placed at the anterior extremity
of the blade. Molar very small, and placed transversely close to
the hinder edge of the last, as in the Fclidx. Lower sectorial
consisting of little more than the bilobed blade. Zygomatic arches
of cranium very wide and strong. Sagittal crest high, giving
attachment to very powerful biting muscles. Orbits incomplete
behind. Vertebiai : C 7, D 15, L 5, S 4, C 19. Limbs rather long,
especially the anterior pair, digitigrade, four subequal toes on each,
with stout non-retractile claws. Pollex and hallux only repre-
sented by rudimentary metacarpal and metatarsal bones. Tail
rather short. A large post-anal median glandular pouch, into which
tho largely developed anal scent glands pour their secretion.
The three existing species of Hyajna (see Hy.^a) are divisible

into two sections to which some zoologists assign generic rank.
1. Upper molar moderately developed and tliree-rooted. An

inner tubercle and heel more or less developed on the lower molar.
Ear? large, 'pointed. Hair long, forming a mane on tlie back anil

shoulders. H. striata, the Striped IIya>na, of northern Africa and
southern Asia. ' H. brunnca, of south Africa, in some respects
intermediate between this and the next section. 2. Genus Crocuta.
Upper molar extremely small, two- or one-rooted, often deciduous.
Lower molar without trace of inner tubercle, and with an extremely
small heel. Ears moderate, rounded. Hair not elongated to
form a mane. ]f. croenta or Croeuta maeidala, tlio Spotted Hviena,
from Africa south of tho Sahara. In dental characters the first

section inclines more to the Viverridse, the second to the Fclidx;
or the second may be considered as the more specialized form, a»
it certainly is in its visceral anatomy, especially in tliat of the
leproductive organs of the female.'

Extinct llyiienidac.—Hy.-enas abounded in Europe from the Upper
Miocene to the Pleistocene epoch, and a series of transitional form*
from ancient generalized types merging into Vivcirtdx, as Icti-
thcriiim and J/ynuiielis (with additional tubercular molars), leading
by gradual modifications during successive geological ages to tho
species now existing, have been traced by Gaudiy. The Cave lly;tna
(//. s;«?«!o), once so abundant in Britain and other partsof EuVope,
is scarcely distinguishable specifically from the existing //. croculn.
of Africa; and extinct forms found in France, described under the
'naines-of//. j;nwa and H. arvemcnsis, are probably tho an/Tsto'--.

of //. striata. The existing //. brnnnea seems to h.ive preserved the
cliaracters of tf. crimia of the' Upper Miocene of Pikeiini in Greece
with little modification. There is at present no evidence of the
existence of this group in America.

Section Cynoidea.
This section contains a single family, •Canftte, or Dog-likt

animals, which appear to bold an inttiincdiate position between
the .other two sections, retainiiig alsojnany of theniorc generalised
characters of the ancient members of the order. The structure of
the auditory bulla and ailjaceut parts of the bones of the skull is

r ihTt. iktb. IMT9,

rt will In. round.

r'"<*"ll«rltlcB of thiirna rrrtr.ir, hnvv iMen fully cllii-l<lHU->l tii a
Morrison Wi»titon. In Ihf /•nrt-rtKi,.,* qf thf Xnolaiiml Srt./»

nil IKSi, in willed rt-fcreijct.* lo prvvlous authurs on llie itub-
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quite intermediate between tliat of tie ^hiroid and ArctoiJ forms.

In the number and arrangement of the teeth they more nearly

approach the primitive heterodont type tlian any other existing

Carniuora. A crecum ia always present, sometimes short and simple,

but when long it is folded upon itself in a characteristic manner.

The Dogs form a very compact group, composed of numerous

species which closely resemble each other in essential characters,

though differing considerably externally. The most marked
Hiflerences are a slight variation in the number of the true molar

teeth, whirh exceed the usual number in the Cape Long-eared Fox
lotocyon), and full short of it in sonio other less aberrant forms to

which the names of Idicijon. and C;/on have been given, and a

diminution in the number of toes in the Cape Hunting Dog {Lycaon),

Which has 4-4, instead of 5-4 as in the remainder of the family.

After taking these away, there remain a great number of animals

tailed Dogs, Wolves, Jackals, and Foxes, varying from one another

bnly in the characters of the tail, cars, fur, form of the pupil, and
Some trifling peculiarities of skull and teeth, upon which some
Authors have divided them into many genera. These divisions

are, however, extremely difficult, if not impossible, to define, on
account of the numerous gradual transitions from one form to the

other.

Caiiis.—Pending further investigation, it will perhaps be safest

to retain all the species, with the exceptions of Olocyon and Lycaon
mentioned above, in the oil genus Canis, the most prominent
characters of which are the following. Teeth, usually i i, c \; p i,

"' J=ir> total 42. The absence of the last upper molar (m3),

alone distinguishes this from the generalized dentition of heterodonts

(see p. 353), and this tooth is occasionally present in one species

{C- cancrivorus). In certain Asiatic species (C ^>rim«ii« and its

allies), which on this account have been separated to form the genus

Cyan of Hodgson, the last lower molar (m. 3) appears to be con-

stantly absent, and in C. vcn'aticiis (genus Iclicyon, Lund) not only

this but also TO 2 is usually not developed. The milk dentition

is di i, dc \,,drti J-f; total 28,—the first permanent premolar
having no predecessor. The teeth of both permanent and milk
or temporary series are figured at p. 353 (fig. 3). The upper sec-

torial p 4 consists of a stout blade, of which the anterior cusp is

almost obsolete, the middle cusp large, conical, and pointed back-

wards, and the posterior cusp in the form of a compressed ridge ; the

inner lobe is very small, and placed quite at the fore part of the

toO'th. The first molar is more than half the antero-posterior length

of the sectorial, and considerably wider than it is long; its crown
consists of two prominent conical cusps, of which the anterior is

the larger, and a low broad inward prolongation, supporting two
more or less distinct cusps and a raised inner border. The second

molar resembles the first in general form, but is considerably

smaller. The lower sectorial J(i 1 is a very^large tooth, with a strong

compressed bilobed blade, the hinder lobe being considerably the

larger and more pointed, a small but distinct inner tubercle placed

at the hinder margin of the posterior lobe of the blade, and a broad,

low, tubercnlated heel, occupying about one-third of the whole

length of Vhe tooth. The second molar is less than half the length

of the first, with a pair of cusps placed side by side anteriorly,

and a less distinct posterior pair. The third is an extremely

small and simple tooth with a subcircular tubercnlated crown and
single root.

The cranium is more or less elongated, the facial portion taper-

ing forwards and compressed. The jaws elongated. The zygomata
moderately strong. The post-orbital processes of the frontal short,-

leaving the orbit widely open posteriorly. Vertebraa : C 7, D 13, L 7,

S 3, C 17-22. Clavicles present, but very rudimentary. Limbs of

moderate proportions, digitigrade. Feet short ; five toes on the fore

foot, the poUex much shorter than the others, and not reaching to

the ground. Four toes on the hind foot, the hallux being repre-

sented by a rudiment of the metatarsal.' All the toes are provided

with exserted non-retractile slightly curved and blunt claws, which,

being exposed, become worn at the tips. Tail moderate, or rather

long, generally somewhat bushy. The pupil of the eye, when con-

tracted, is in some species round, in others elliptical and vertical.

This extensive genus may be considered as tr;ily cosmopolitan.

One or more species are found throughout the American continent

from Greenland to Patagonia and tlie Falkland Isles ; and similarly,

in the Old World, Europe, Africa, and Asia, with most of the large

islands adjacent, and even Australia!, have their wild Dogs, though

in the lust case they probably belong to a feral race, introduced

oi-iginally by man. They are generally sociable animals, hunting

their prey in packs. Many species burrow in the ground ; none
habitually climb trees. Though mostly carnivorous, feeding

chiefly on animals they have chased and killed themselves, many,
especially among the smaller species, eat garbage, carrion, insects,

and also fruit, berries, and other vegetable substances. The species

1 In Domestic Dors a hallux is frequently developed, tliough often in a rudi-

mentary condition, the phaIaR|t;es and cljiw being suspended loosely in the skin,

without direct connexion with the otlier hones of the foot; it is called by dog-

ftDci'.rs the "dew cl i'^
"

are very numerous, and, as in most otlier large genera, very ill-

defined, few zoologists agreeing as to which of the many slightly

different modifications may be considered as local varieties and
which true -species. Perhaps the best cranial character by which
the different members of the genus can be distinguished is that
pointed out by Burmeister, viz., that in the animals generally

called Dogs, Wolves, and Jackals the post-orbital process of the

frontal bone is regularly smooth and convex above, with its

extremity bent downwards, whereas in Foxes the process is hollowed
above, with its outer margin (particularly of the anterior border)

somewhat raised. This modification coincides in the main with that

upon which Professor Huxley has recently - based his division of the

group into two parallel series, the Thooids or Lupine forms and
Alopecoids or Vulpine forms, wdiich he characterizes by the presence

of frontal air-sinuses in the former, which not only affects the exter-

nal form but to a still greater degree the shape of the anterior part

of the cranial cavity, and the absence of such sinuses in the latter.

The pupil of the eye when contracted is round in most members of

the first group, and vertically elliptical in the others, but more
observations are required before this character can be absolutely

relied ujion. The form and length of the tail is often used for the
purposes of classification, but its characters do not coincide with
those of the cranium, as many of the South American Canidie have
the long bushy tails of Foxes and the skulls of Wolves. Taking into

account various combinations of these and other minor characters,

the species may be arranged in the following groups, which some
authors have considered as of generic importance.

A. Thooid err Lupine Series.

(1) Crtni's proper contains the largest members of the genus, the

true Wolves of the northern parts of both Old and New Worlds
(C lupus, &c.), the Jackals of southern Asia and Afiica (C. aureus,

mesomclas, &c.), and the various breeds of the domestic Dog
(0. /amiliaris), the origin of which is still involved in obscurity.

Some naturalists believe it to be a distinct species, descended from
one that no longer exists iu a wild state; others have sought to find

its progenitors in some one of the wild or feral races, either of true

Dogs, Wolves, or Jackals ; while others again believe that it ia

derived from the mingling of two or more wild species or races. It

is probably the earliest animal domesticated by man, and few if

any other species have undergone such an extraordinary amount of

variation, in size, form, and proportion of limbs, ears, and tail,

variations which have been perpetuated and increased by careful

selective breeding. See Doc. The Dingo or Australian Dog is

met with wild, and also as the domestic companion of the aboriginal

people. Dogs were also iu the possession of the natives of New
Zealand and other islands of the Pacific, "where no placental

mammals exist naturally, on their discovery by Europeans in the

last century. (2) Cijon, wild Dogs of the south-east of Asia,

distinguished by slight modifications as C. primseviis, C. dukh-
enensis, and C. sumatrctisis, iliffer from the above in wanting the

small last" lower tubercular molar. (3) Lycalopcx is a group formed

of certain South-American Canidm, distinguished from Cant'i proper

by their longer tails and Fox-like aspect :

—

C. canerirorus, C. brasili-

crisis, C. melampus, C. vetulus, C.fulvicattdus, C. asara, C. nugellani-

fits, C. griscus. The last three have been further separated (under the

name of Pscudalopex) on account of slight differences in the relative

size of the molar teeth, and of their pupil being elliptical when con-

tracted. (4) iVt/rfcrcKto (one species, C. procyonides, from Japan and
north-east Asia) has no claims to generic distinction but such as are

founded upon its long loose fur, short ears, and short bushy tail,

which give it some superficial resemblance to a Kaccoon. (5)

Iclicyon, with one small species, C. venalictis, the Bush Dog, from

Guiana and Brazil, with close hair, and short legs and tail, has

more reason to be regarded as a distinct form, as it is distinguished

from all other Dogs by the reduction of. its molar teeth to i, and

their comparatively small size. In consequence of this, and

its general external characters,. it was formerly placed among the

Mustelidm, but its Canine affinities have now been thoroughly

established.

B. Alopecoid or Vulpine Scries.

(6) Vulpcs, true Foxes. The species or varieties are numerous and

widely sjiread over North America, Eurasia, and Africa:— C. ndpes,

the common Fox of Europe; C niloticus, adustus, snd variegatus,

Africa; C. Jlavescens, montamis, bengnlensis, japoniats, corsx, A.sia;

C.fulcus, maerourus, velox. North America. The tail of the above

is "clothed with soft fur and long hair, uniformly niLxed ; from

them Baird distinguishes, under the name of Urocyon, other species

which have a concealed erect mane of stiff hairs along the upper

line of the tail. These have also a shorter mnzzle and a wide space

between the tenrporal crests; they are C. l-irginiamis and C. littor-

alis, both from North America. Tlie Arctic Fox (C. lagopus, genus

Leucocyon, Gray) has the tail very full and bushy and the soles ol

the feet densely furred below. Its colour changes according to

season from bluish-grey to pure white. (7) Fcnnccus. Certain small

elegant African Foxes (C. ccrdo, famcUcus, and chama), with very

' Proc. ZqoI. Sec. i'lirtf.. ISSO, p, 4M
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9 ears and corresponding large auditory bulls, have been separ-

itmder the above name.

jjjjeaon.—This resembles in most of its characters the Dogs of the

Jjapne series, but the teeth are ratlier more massive and ro\inded,

the sknll shorter and broader, and it has but four toes on each

limb, as in Hyitna. The one species, L. pidiis, the Capo Hunting

Dog (fig. 120) from south and east Africa, is very distinct exter-.

Fio. 1S0.<—Cape Hunting Dog {li/caon ptctus).

oaiBj from all the other Canidm. It is nearly as large as a mastiff,

•Triiik large, broadly ovate erect ears, and singularly coloured, being

not only variable in different individuals, but unsymmetrically
marked \rith large spots of white, yellow, and black. It presents

i-ime curious superficial resemblances to ffijaina crocuta, perhaps a

TtaA of mimetic analogy. , It hunts its prey in large packs.

OHocyoa.—Dentition : 'i |, c \, p \, m l2L*,}iSp2
; total 46 or

48. The molar teeth are thus in excess of any other known heter-

sdont mammal. They have tlie same general cliaracters as in

datii, with very pointed cusps. The lower sectorial shows little

of its typical characters, having five cusps on the surface ; these

om, however, be identified as the inner tubercle, the two greatly

reduced and obliquely placed Jobes of the blade, and two cusps on
the heeL The skull generally resembles that of the smaller Foxes,

Earticnlarly the Fennecs. The auditory buUse are very large. The
inder edge of the mandible has a very peculiar form, owing to the

^rest development of an expanded, compressed, and somewhat
inverted subangular process. Vertebrae: C 7, D 13, L 7, S 3, C 22.

£aiB . very large. Limbs rather long. Toes 5-4. One species,

O. megalotia, from South Africa, rather smaller than a common Fox.
Professor Huxley looks upon this as the least differentiated or

iBOSt primitive existing form of Canis, regarding the presence of

the four molar teeth as a survival of a condition of the dentition

exhibited by the common ancestors of the existing Canidm and the

axiBtiDg carnivorous Marsupials. There is, however, at present no
palaeontological proof of this, as none of the numerous fossil forms

of Canidm yet discovered have more than the normal number of

melaiB. One of the best known of these is Amphicyon, from the

liiocene strata of Europe and America, formerly supposed to have
-affinities with the Bears, having five toes on each foot, and being
possibly plantigrade, but, as the structure of the skull and teeth

deaily show, only a generalized Dog, in which the true molars are

faBy developed. Another genue, Cynodiciis, of which many modi-
fications have been described by Filhol from the south of France,

approaches the Yiverridm, and may be a common ancestor of the
C^nocid and .ffluroid Carnivora.

Section Akctoioea.
The section Arctoidea includes a considerable number of

{arms which agree in the essential characteristics of the structures
of the base of the cranium and reproductive organs, and in the
afaeenice of a ctecum to the intestinal canal. They have no Cowper's
^ands, and have a rudimentary prostate and a large cylindrical
penial bone. All the members of^ this group have five completely
developed toes on each foot.

Family Mvstelivx.

True molars } (or | in Mellivora). No alisphenoid canal. A
I*1?e group widely diffused, especially in the northern temperate
regions of the earth. The different genera are very difficult to

arrange in any nat'^ral order. They are rather artificially divided,

chiefly according to tho cliaracters of their feet and claws, into the

Otter-like (Lutrine), Badger-like (Meliue), and Weasel-Uke (Muste-

line) forma, ,

Subfamily LutrinsB.—Feet short, rounded (except the hind feet

0^ Enhydra). Toes webbed. Cl«,wa small, curved, blunt. Head
broad and much' depressed. Upper posterior molars large and
quadrate. Kidneys conglomerate. Habits aquatic.

Luira.—Dentition: i §, c f. P i. "' i; total 36. Upper
sectorial with a trenchant tricuspcd blade, and a very large inner

lobe, hollowed on the free surface, with a raised sharp edge, and
extending along two-thirds or more of the length of the blade.

True molar large, with a quadricuspidate crown, broader than long.

Skull broad and depressed, contracted immediately behind the

orbits. Facial portion very short; brain case large. Verlebrse:

C", D 14-15, L6-5, S3, C 20-26. Body very long. Ears sbt)rt and
rounded. Limbs short. Feet completely webbed, with well

developed claws on all the toes. Tail long, thick at the base and
tapering, rather dejiressed. Fur short and close.

The Otters are all more or less aquatic, living on the margins
of rivers, lakes, and in some cases the sea, are expert divers and
swimmers, and feed chiefly on fish. They have a very extensive

geographical range, and so much resemble each other in outward
appearance, especially in the nearly uniform brown colouring, that

the species are by no means well-defined. See Otter.
X. sandbachii, a very large species from Demerara and Surinam,

with a prominent ridge along each lateral margin of the tail, con-

stitutes the genus PUronura of Gray.

Aonyx.—Feet only slightly webbed ; claws exceedingly small or
altogether wanting on some of the toes. First upper premolar very

small, sometimes wanting. True molars very broad and massive,

presenting an approach to the form of the next genus. A. inunguis.

South Africa ; A. leplonyr, Java, Sumatra.
Enhydriodon.—E. sivalcitsis is a large extinct Otter-like animal

described by Dr Falconer from the Pliocene strata of the Sub-
himalayan mountains.

Enhydra.—Dentition: i i, c \,p ^,m\; total 32. Differs

from all other known Carnirora in having but two incisors on each
side of the lower jaw, the one corresponding to the first (very small

in the true Otters) being constantly absent. Though the molar
•teeth generally resemble those of Lulra in their proportions, they

differ very much in the exceeding roundness and massiveness of

•their crowns and bluntness of their cusps. Feet webbed. Fore
feet short, with five subequal toes, with short compressed claws.

Hind feet very large, depressed, and fin-like. The phalanges
flattened as in the Seals. The fifth toe the longest and stoutest,

the rest gradually diminishing in size to the first, all with mode-
rate claws. Tail moderate, cylindrical.

One species, E. Intris, the Sea-Otter. It is larger than any of

the true Otters, and is found only on the coasts and islands of the

North Pacific, where it was formerly very abundant, but is gradu-
ally becoming more and more rare, on account of the numbers
killed annually for their valuable fur. It is said to live on
molluscs and crabs as well as fish, and the massive mill-like struc-

ture ofithe grinding teeth, so unlike that of all the known purely

piscivorous mammals, would seem to indicate some such diet.

Subfamily Melinae.—Feet elongated. Toes straight. Claws
non-retractile, slightly curved, subcompressed, blunt ; those of the

fore foot especially large. Upper posterior molar variable. Kidneys
simple. Habits mostly terrestrial and fossorial.

Mejahitis.—Dentition : i f , e i, p m i; total 32-34.

Upper molar larger than the sectorial, subquadrate, rather

broader than long. Lower sectorial with heel less than half the

length of the whole tooth. Bony palate terminating posteriorly

ojiposite the hinder border of the last molar tooth. Facial portioB

of skull short and somewhat truncated in front. Vertebra;: C7,
D 16, L6, S2, 021. Headsmall. Body elongated. Limbs moderate,

subnlantigrade. Ears short and rounded. Tail long, abundantly

clothed with very long fine hair. Anal glands largely developed
;

their secretion, which can be discharged at the will of the animal,

has an intolerably offensive odour, which circumstance )ias ren-

dered the Skunks, as they are commonly called, proverbial. They
are strictly nocturnal animals, terrestrial and burrowing, feeding

chiefly on small mammals, birds, reptiles, insects, worms, roots, ana

berries. All the known species have a prevalent black colour,

varied by white stripes or spots on the upper part. They generally

carry the body much arched, aud the tail erect, the long loose hair

of which waves like a plume over the back. There are many
species, all inhabitants of the American continent, over which they

have an extensive range. See Skunk. The South-American

species, which have only two upper premolars, and difi'er in some
other characters, have been generically separated under the name ol

^onepatus.

Ardonyx.—Dentition: i I, c \, p i, m \; total 38. Incisor

line curved, the outer teeth being placed posteriorly to the others.

Lower incisors proclivous. First iircmolnrs often nidimentary or

i
ib'<ent. Upper molar much larger than the sectorial, longer in th*
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Rnteropostcnor Jirertioii tlmn tirnail. • Lower sectorial \\itli a

very . large, low, tiibeiuulnlLcl litcl. Cranium eloiigatiil nml
depressed ; face long, nanvw, ami concave above, liony ]ialatc

extending as far backwaids as tlic level of the gluuoiil fossa.

Palatal bones dilated. Suborbital foramina very large. Yertcbire :

C 7, D 16, L 4, S 4, C 20. Snout long, naked, mobile, and truncated,

wth large terminal nostrils, much like those of a Pig. Kycs small.

Ears very small and rounded.' Body comiircssed, latlier than

depressed. Limbs of moderate length and digitigradc in walking.

Tail moderate, tapering. A full soft under fur, with longer, bristly

hairs interspersed. The best-known sjiecios is A. collnris, llju

Sand-Bear or Jihalu-soor {i.e., licar-Pig) of the natives, found in

the mountains of the north-east of Hindustan and Assam. It is

rather larger than the English Badger, higher in its legs, and very

Pig-like in general aspect, of a light grey colour, with flesh -colouicd

.snout and feet ; nocturnal and omnivorous. Other species or local

varieties have been described by A. Jlilne-Edwards from North
China and Tibet.

Mijdaus.—Deutitiou as the last, but the cusps of the teetii more
Bcutely pointed. Cranium elongated, face narrow and produced.

Suborbital foramen small, and the palate, as in all the succeeding

genera of this group, produced backwards about midway between

the last molar tooth ami the glenoid fossa;. Vertebra; C7, D 14-1 5,

L 6-5, S 3, C 12. Head pointed in front ; snout produced, mobile,

obliiiuely truncated, the nostrils being inferior. Limbs rather

short and stout. Tail extremely short, but clothed with rather

long bushy hair. Anal glands largely developed, and emitting an
odour like that of the American Skunks (Alcp/iilis). One species,

M. meUccps, the Teledu, a small burrowing animal, found in the

mountains of Java, at an elevation of 7000 or more feet .above the

sea-level.

Mcles.—Dentition : il,c \, p *, in \ ; total 38. The first pre-

molar in both jaws extremely minute and often deciduous. Upper
molar veiy much larger than the sectorial, subquadrate, as broad

as long. Lower sectorial with a broad, low, tuberculated heel,

more than half the length of the whole tootli. The postglenoid

processes of the skull are so strongly developed, and the glenoid fossa

is so deep, that the condyle of the lower jaw is firmly held in its place

even after all the surrounding soft parts are removed. Vertebix:

C 7, D 16, L 5, S 3, C 18. Muzzle pointed. Ears very short. Body
stout, broad. Limbs short, strong, subplantigrade. Tail short.

The best-known species is the common Badger (M. taxus) of Europe
and northern Asia, still found in many parts of England, where it

lives in woods, is nocturnal, burrowing, and very omnivorous, feeding

on micOj reptiles, insects, fruit, acorns, and roots. Other nearly allied

species, M. hucunis aud M. chinensis, arc found in continental

Asia, and AT. a7iak-uma in Japan.

Tojcidea.—Dental formula as in Mcles, except that the rudimen-
tary anterior premolars appear to be always wanting in the upper
jaw. The upper sectorial much larger in proportion to the other

teeth. Upper molar about the same size as the sectorial, triangular,

with the apex turned backwards. Heel of lower sectorial less than

half the length of the tooth. Skull very wide in the occipital

region ; the lambdoidal crest very greatly developed, and the sagit-

tal but slightly, contrary to what obtains in Mcles. Vertebrte :

C 7, D 15, L 5, S 3, C {?). Body very stoutly built and depresseil.

Tail short. The animals of this genus are peculiar to North
America, where they represent the Badgers of the Old World,
resembling them much in appearance and habits. T. americnna

is the common American Badger of the United States. T. lerlan-

dicri, the Mexican Badger, is perhaps only a local variety.

Mcllivora.—Dentition : i f, c f, p %, m \ ; total 32. Upper
sectorial large, with its inner cusp quite at the anterior end of the

blade, as in the following genera ; molar much smaller and trans-

versely extended, having a very small outer and a larger rounded
inner lobe. Heel of lower sectorial very small, scarcely one-fourth

of the whole length of the tooth, and with but one cusp. Tuber-

cular molar absent. Vertebne: C 7, D 14, L 4, S 4, C 15. Body
etout, depressed. Limbs short, strong. Head depressed, noae

rather pointed. External ears rudimentary. Tail short. The
animals of this genus are commonly called Ratels. M. indica,

from India, and M. ratel and M. leucouola from South and 'West

Africa, have nearly the same general appearance and size, being
rather larger than a common Badger. Tlieir coloration is peculiar,

all the upper surface of the body, head, and tail being ash-grey,

while the lower parts, separated by a distinct longitudinal boundary
line, are black. They live chiefly on the ground, into which they
burrow, but can also climb trees. They feed on small mammals,
birds, reptiles, and insects, and arc said to be very partial to

honey.
Heliclis.—Dentition : i j, c |, p }, m 4 ; total 38. Upper sec-

torial with a large bicnsped inner lobe. Molar smaller, wider
transversely than in the antero-posterior direction. Lower sectorial

with heel about one-third the length of the tooth. Skull elon-

gated, rather narrow and depressed. Facial portion especially

narrow. Infraorbital foramen very large. Head rather small and
produced iu front, with an elongated, obliquely truncated, u.aked

snout. Ears small. Body clongatoJ. Limbs .>.hort. Tail shoit oi

iiKxIi'ratc, bushy. Several species are described (//. oricutalis,

vtvuchfUa, 7tii>aldisis, sitbuurauliaai), all from eastern Asia, small
animals compared with the other members of the subfamily, climb-
ing trees with agility and living much on fruit and berries as well
as on small ni.'^mnials and birds.

/dojii/j-.— Dentition; i IJ, c |, p 5, w i; tot.al 34. " Tn general
characters the teeth much resemble those of the Polecats {Mitskla),

being more delicately cut and sharply cusped than in most of the
foregoing. U]mer molar smaller than the sectorial, narrow from
before backwarvls. Lower sectorial with a small narrow heeJ and
distinct inner tubercle. General form of body musteline. Limbs
short. Fore feet huge aud broad, with five stout, nearly straight,

blunt, and non-retractile claws, of which the first and fifth aie

considerably shorter than the others. Tail moderate, with longer

hairs towards the end, giving it a bushy appearance. Hair gene
rally long and loose. The best-known species of this genus,

/. zorilhi, the Cape Polecat, was placed by Cuvier in the genus
Mnstcla, by Liehtenstein in Mcjihitis, and in many characters it

forms a transition between these genera. It is about the size of an
English Polecat, but conspicuous by its coloration, having broad,

longitudinal bands of dark brown, alternating with white. Its odour

is said to be as offensive as that of the American Skunks. From
the Cape of Good Hope it ranges as far north as Senegal. Anotliei

species, /. ftcunta, fiom Sennaar, has been described.

Subfamily MustelinsB.—Toes short, partially webbed; claws
short, compressed, acute, curved, often semiretractile. Upper pos-

terior molar of moderate size, wide transversely. Kidneys simple.

Terrestrial and arboreal in habits'.

Galidis.—Dentition: t 3, c |, j< 3, ?)i i ; total 34. Molars small

but stout ; upper sectorial with the inner lobe near the middle
of the inner border of the tooth. Lower sectorial with heel small,

and inner tubercle small or absent. Body long. Limbs short

;

claws non-retractile. Palms and soles naked. Head broad and
depressed. Tail of moderate length. The best-known species,

(7. villata, the Orison (genus Grisonia, Gray), and Q. larbara, the
Tayra (genus Galcra, Gray), are both South-American 0. alla-

mmidi IS an intermediate form.

Mustela.—Hentition: i i, c \, p \, m 4; total 38. Upper
sectorial with iinner lobe close to the anterior edge of the tooth.

Molar nearly as large as sectorial. Lower sectorial with small inner

tubercle. Vertebra: : C 7, D 14, L 6, S 3, C 18-23. Body long and
slender. Limbs short, digitigrade. Feet rounded ; toes short, with

compressed, acute, semiretractile claws. Tail moderate or long,

more or less bushy. One species is British, M. martcs, the Pine

Marten ; the remainder inhabit the northern regions of Europe,

Asia, and America. Many of the species, as the Sable (M. zibel-

lina), yield fur of great value. See Marten.
Fulorius.—The dentition differs from that of Mustela chiefly in

the absence of the anterior premolars of both jaws. The teeth are

more sharply cusped, and the lower sectorial wants the inner

tubercle. External characters generally similar to those of the

Martens, but the body is longer and r"jre slender, and the limbs

even shorter. They are all small animals, of very active, blood-

thirsty and courageous disposition, living chiefly on birds and
small mammals, and are rather terrestrial than arboreal, dwelling

among rocks, stones, and outbuildings. Some of the species, as the

Stoat or Ermine (P. erminois), inhabiting cold climates, undergo

a seasonal change of colour, being brown in summer and white in

winter, though the change does not affect the whole of the fur, the

end of the tai' remaining black in all seasons. This is a large

genus, having i. very extensive geographical range throughout the

Old and New Worlds, and includes the animals commonly known
as Weasels, Polecats, Ferrets, and Mink

(Vi(/o.— Dentition : i 5, c i. p -J, "^ i ; total 38. Crowns of the

teeth very stout. Upper molar very much smaller than the sec-

torial. Lower sectorial large, with very small heel and no inner

tubercle. The dentition, though really but a modification of that

of the Weasels, presents a great general resemblance to that of

Uyxwa. Vertebr.-e: C 7, D 15, L 5, S 3, C 15. Body and limbs

stoutly made. Feet large and powerful, subplantigrade, with

large, compressed, much curved, and sharp-pointed claws. Soles

of the feet (except the pads of the toes) covered with thick bristly

haira. Ears very small, nearly concealed by the fur. Eyes small.

Tail shorf, thick, and bushy. Fur full, long, and rather coarse.

The one fpecies, the Wolverene or Glutton, G. luscus, an inhabit-

ant of tne forest regions of northern Europe, Asia, and America,

much r • cmbles a small E^ar in appearance. It is a very powerful

animal for its size, climbs trees, and lives on squirrels, hares,

beavers, reindeer, and is said to attack even horses and cows.

Family PiiocTONlDi;.

True molars J, obtusely tuberculated. No alisphenoid canal.

Habitat exclusively .American.

ProcyoJi,—Dentition : i h c h P h >" i ' ^°*-^ ^0- The molar

teeth broad and tuberculated. The upper sectorial with three

cusps along the outer margin, and a very broad bicusped inner lobe.
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giving an almost quadrate fonn to the crown. First molar with a

large tuberculated crown, ratlier broader than long. Second con-

siderably smaller, with transversely oblong crown. Lower sec-

torial with an extremely small and ill-defined blade, placed trans-

versely in front, and a large inner tubercle and heel. Second molar

as Ion" as the first, but narrower behind, with five obtuse cusps.

VertebriE : C 7, D 14, L 6, S 3, C 16-20. Body stout. Head broad

behind, hut with a pointed muzzle.. Limbs plantigrade, but in

•walking the entire sole is not applied to the ground as it is when

the animal is standing. Toes, especially of the fore foot, very free,

and capable of being spread wide apart. Claws compressed, curved,

pointed, and non-retractile. Tail moderately Ion?, cylindrical,

thickly covered with hair, annulated, non-prehensile. Fur long,

thick, and soft. The well-known Raccoon (Procyon ^otor) of North

America is the type of this genus. It is replaced in South

America by P. cancrivorus.

jBassaris.—A form closely allied to Procyon, but of more slender

and elegant proportions, with sharper nose, longer tail, and more

iligitigrade feet, and with teeth otherwise like, but smaller, and

more sharply denticulated. It was formerly, but erroneously,

placed among the Vivcrridm. Two species :

—

B. asluta, from the

southern parts of tho United States and Mexico, and S. sumi-

thrasti, from Central America.

Bassaricyon.—This name has recently (1876) been given to a

distinct modification of the Procyonine type of which at present

only two examples are known, one from Costa Rica and the other

from Ecuador, which, appearing to be different species, have been

named B. gabbi and B. allcni. They much resemble the Kinkajou

(Cercoleptes) in external appearance, but the skull and teeth are more

like those of Procyon, and Nasua.
Nasua.—Dentition as in Procyon, but the upper canines are larger

and more strongly compressed, and the molars smaller. The facial

portion of the skull is more elongated and narrow. Vertebras : C 7,

1) 14, L 6, S 3, C 22-23. Body elongated and rather compressed.

Nose prolonged into a somewhat upturned, .obliquely truncated,

mobile snout. Tail long, non-prehensile, tapering, annulated.

These animals, commonly called Coatis or Coati-Mundis, live in

small troops of eight to twenty, are chiefly arboreal, and feed on

fruits, young birds, eggs, insects, &c. Recent researches have re-

duced the number of supposed species to two, N. narica ai Mexico

and Central America, and N. ru/a of South America from Surinam

to Paraguay.

C(:n:o;<y(es.—Dentition: i §, c f, p |, m J-36. Molara with

low flat crowns, very obscurely tuberculated. Skull short and
rounded, with flat upper surface. Vertebrse: C 7, D 14, L 6, S 3,

C 26-28. Clavicles present, but in a very rudimentary condition.

Head broad and round. Ears short. Body long and musteline.

Limbs short. Tail long, tapering, and prehensile. Fur short and
soft. Tongue long and very extensile. But one species of this

somewhat aberrant genus is known, C. caudivolvulus, the Kink-
ajou, found in the forests of the warmer parts of South and Central

America. It is about the size of a Cat, of a uniform pale, yellow-

ish-brown colour, nocturnal and arboreal in its habits, feeding

on fruit, honey, eggs, and small birds and mammals, and is of a
tolerably gentle disposition and easily tamed.

Family Ailurid.e.

Formed for the reception of one genus, resembling the

Procyonidx iu the number of true molar teeth, but differing in

some cranial characters, especially tho presence of an alisphenoid

canal, and in its Asiatic habitat. .

Ailurus.—Dentition: i"§, c {, p ^, m |; total 38. First lower
premolar very minute and deciduous. Molars remarkable for their

^eat transverse breadth, and the numerous cusps of their crowns.
Vertebra; : C 7, D 14, L 6, S 3, C 18. Sknll high and compressed.

Facial portion short. Ascending ramus of mandible extremely high.

Head round. Face short and broad. Ears large, erect, pointed,

limbs stout, plantigrade, with large blunt non-retractile claws.

Tail nearly as long us body, cylindrical, clothed with long hairs.

Fur. long and thick. One species, A. fulgcns, the Panda, rather
larger than a (/'at, found in the south-east Himalayas, at heights of

from 7000 to 12,000 feet above tho sea, among rocks and trees, and
thiefly feeding on fruits and other vegetable substances. Its fur
is of a remarkably rich reddish-brown colour, darker below.

Family Ursidj:.

Trne molara f , with broad, flat, tuberculated crowns. The three
anterior premolars of both jaws rudimentary and often deciduous.
Fourth upper premolar (sectorial) with no third or inner root.
Koalisphenoid canal (except in Ailuropus). Kidneys conglomerate.
Gertgi-aphical distribution extensive.

Ailuropus.—An interesting annectant form connecting the true
Bears with Ailunia and with several extinct genera. Dentition :

y\>'^\<P%, 'm i ; total 40. Premolars increasing in size from
first to last, and two-rooted except the first. First upper molar
with quadrate crown, broader thaa long. Second larger than tho
4rst. Crani:;m with zygomatic arches and sagittal crest immensely

l.')-I7-

developed, and ascending ramus of mandible very high, giving
greater spaces for attachments of temporal muscle than in any other
existing member of the order. Facial portion short. Bony palate
not extending behind the last molar tooth. An alisphenoid canal.

Feet bear-like, but soles more hairy, and perhaps less completely

Fio. 121. Ailuropus melanoleucus. From A. MUne-Edwaids.

plantigrade. Fur long and thick. Tail very short. One extremely

rare species, A. melanoleucus (fig. 121), discovered by Pire David
in 1869, in the most inaccessible mountains of eastern Tibet.

Said to feed principally on roots, bamboos, and other vegetables.

It is of the size of a small Brown Bear, of a white colour, with ears,

spots round the eyes, shoulders, and limbs black.

Ursiis.—Dentition: i i, c \, p i, m | = 42. The three anterior

premolars above and below one-rooted, rudimentary, and frequently

wanting. Usually the first (placed close to the canine) is present,

and after a considerable interval the third, which is situated close

to the other teeth of the molar series. The second is very rarely

present in the adult state. The fourth (upper sectorial) differs

essentially from the corresponding tooth of other Carnivores in

wanting the inner lobe supported by a distinct root. Its sectorial

characters are very slightly marked. The crowns of both the true

molars are longer than broad, with flattened, tuberculated, grinding

surfaces. The second has a large backward prolongation or hecL

The lower sectorial has a small and indistinct blade and greatly

developed tubercular heel. The second molar is of about the same
length, but with a broader and more flattened tubercular crown.

The third is smaller. The milk teeth are comparatively small, and
shed at an early age. Skull more or less elongated. Orbits

small and incomplete behind. Palate prolonged considerably behind

the last molar tooth. Vertebra: C 7, D 14, L 6, S 5, C 8-10. Body
heavy. Feet broad, completely plantigrade. The five toes on each

foot all well-developed, and armed with long compressed and
moderately curved, non-retractile claws. Palms and soles naked.

Tail very short. Ears moderate, erect, rounded, hairy. Fur gene-

rally long, soft, and shaggy.

The Bears are all animals of considerable bulk, and include among
them the largest members of the order. Though the species are

not numerous, they are widely spread over tho earth's surface (but

absent from tho Ethiopian and Australian regions, and only

represented by one species in the Neotropical region), and differ

much among themselves in their food and manner of life. They
are mostly omnivorous or vegetable feeders, and even the Polar

Bear, usually purely carnivorous or piscivorous, devours grass with

avidity in summer. The various species may be grouped in the

following sections. (\) Thalassarcios. Head comparatively small,

molar teeth small and narrow. Soles more covered with hair

than in the other sections. U. maritimtis, the Polar or 'White

Bear of the Arctic regions. (2) Vrsua proper. U. arclos, the

common Brown Bear of Europe and Asia, a very variable species,

to which U. syriacua and isabdlinus, if distinct, are nearly

related ; V. Korribilis, the Grizzly Bear, an American represen-

tative form ; U. tibetanus, japonicus, and americamis, the Black

Bears of tho Himalayas, Japan, and North America ; U. omatus,

the Spectacled Bear of tho Peruvian Andes. (3) Hclarctos. Head
short and broad. Molar teeth comparatively broad (but the length

still exceeding the breadth). Tongue very long and extensile. Fur

short and smooth. U. malayanui, the Malay Bear or Sun Bear.

See Bear.
Melurstia. This differs from the true Bears in the first upper

incisor being absent or shed at a very early age, in the very small
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size of tlio other tcetli, in the very large extensile lips, and in

other minor clmractcrs. Tlio one species, M. labialus, the wcll-

koown Sloth bear of India, feeds ciuelly on black ants, termites,

beetles, fruit, honey, kc.

The great Cave Bear, the remains of which are found so abund-
antly in caves of Pleistocene age in Europe, was a true Ursus, and
as much or more specialized as any existing species, as it had lost

its three anterior premolars in the adult state, but iu I'rsus

arvcniensis and older species from the Pliocene tliey were all re-

tained. Still more generalized forms of Bears, presenting various

degrees of transition towards a common Carnivorous type, are repre-

sented by the genera Arciothcrium, from South Araeri«a and
Hyaenarclos of Miocene strata of Europe and Asia, and others

which are not far removed (at least in dental characters) from such
primitive Dog-like types as Amphicyon.

Extinct Carnivora of Doubtful Position.

The discovery of fossil remains in Eocene and early Mioceno
formations both in Europe and North America, shows that

numerous species of terrestrial carnivorous animals existed upon
the earth during those periods, wliich cannot be referred to eitlier

of the sections into which the order has now become broken up.

By some zoologists these have been supp»sed to be Marsupials, or at

least to show transitional characters between the Didelphous and
Monodelphous subclasses. By others they are looked upon as

belonging altogether to the latter group, and as the common
ancestors of existing Carnivores and Insectivores, or perhaps

rather as descendants or relatives of such common ancestors,

retaining more of the generalized characters than any of the exist-

ing species. They shade off almost insensibly into numerous other

forms less distinctly carnivorous, to the whole of which, including

the modern InsccUvora, Cope (to whom we are indebted for our

principal knowledge of the American extinct species) gives the

name of Bl'NOTHERia, those more specially related to the existing

Carnivora forming the suborder Crcodonta, which is divided into

the five families, ArdoojonUls, Miacidm, Oxyscnidx, Ambhjdonids:,

and Mcronychidx. Tlicse are cases, however, in which the appli-

cation of the principles of classification adopted in the case of

existing species, of which the entire stmcturo is known, and
which have become divided into isolated groups by the extinction

of intermediate forms, is really impossible. If tho generally

jMxepted view of evolution is true, and the extreme modifications

[ass insensibly into each other by minute gradations (a view
the palffiontological proof of which becomes strengthened by every

fresh discovery), there must be many of these extinct forms which
cannot be assigned to definitely characterized groups. There are,

however, some which stand out prominently from the others as

formed on distinct types, having no exact representatives at present

living on the earth. Of these the best-known is that named
Byamodon, of which, with the nearly allied Ptcrodon, many species

Fia. 122.—Dentition of Hyxnodon hptorhynchus (Lower Miocene. France).
Tbe posterior molar is concealed betiind ttie penultimate tootli.

bave been found both in Europe and Amsrica. They had the full

nnmber of forty-four teeth, grouped in the usual manner, and the
incisors, canines, and premolars were formed upon the ordinary
Carnivorous type as now seen in the Canidee, the fourth premolar
above and the first true molar below being formed upon the
" sectorial " plan, but the teeth behind these, instead of being
tuberculated as in all existing Carnivora, repeated the characters of
t"5 sectorial, and also increased iu size, especially in the lower jaw,
Irom before backwards. They thus present some resemblance to the
teeth of such carnivorous Marsupials as the Das'iuridx ; but, as the
researches of Filhol have demonstrated, their milk dentition follows
precisaly the rule of existing placental heterodont mammals, and
not that characteristic of the llarsupials. They show, moreover.

none of the essential cranial modifications wliich distinguish trn«
ilarsupials. The ciiiioiis American genus Vxmna seems to bar*
been a specializeil form of this type, ami the Euroriean Proviverra or
Cyiiohymnodon of Filhol) forms a complete transition between it and
tlie Viverrids:. In Ardocyon primecvus, the oldest known Terliarjr
mammal, from the lowest Eocene beds of La 'Fkn, department of
Aisne, France, on the other hand, all the molars were tuberculated,
and have been compared with those of the Procyonidx and als»
Gymnura, among the Inscdivora. The small size of the brain of
these early forms is not, as has been supposed, a special Marsapcal
character, but is common to the primitive forms of all groups of
veitebrates. Mcsonyx, from the Eocene of North America, seems t<»

have been a very generalized form, with flat blunt claws, and loi^
and slender till. Co^ie makes the interesting suggestion that tlu»
may have been in the ancestral line of the Pinnipeds, but his ^ats-
nicnt that the scaphoid and lunar bones of the carpus were distinct
offers a decided difficulty to the accectance of this view.

Suborder PINNWEDIA.

These differ from tlio rest of the Carnivora mainly iatluk

structure of their limbs, which are modified for aquatic

progression,—the two proximal segments being very short

and partiolly enveloped in the general integument of th«

body, while the third segment, especially in the hinder ei-

tremities, is elongated, expanded, and webbed. There ate

always five well-developed digits on each limb. In the hind
limb the two marginal digits (first and fifth) are stouter

and generally larger than the others. The teeth also difier

from those of the more typical Carnivora. The incisots

are always fewer than
-J.

The molar series consists

generally of four premolars and one molar of very unifonn

characters, with never more than two roots, and with

conical, more or less compressed, pointed crowns, which

may have accessory cusps, placed before or behind the

principal one, but are never broad and tuberculated. The
milk teeth are very small and simple, and are shed or

absorbed at a very early age, usually either before or within

a few days after birth. The braiu is relatively large, the-

cerebral hemispheres broad in proportion to their length, and
with numerous and complex convolutions. There is a
very short; CKCum. The kidneys are divided into numerous
distinct lobules. There are no Cowper's glands. iMamms
two or four, abdominal No clavicles. Tail always very

short. Eyes verj^ large and exposed, with flat cornea.

The nostrils close by the elasticity of their walls, and ar»

opened at will by muscular action.

The animals of this group are all aquatic in fheir mode
of life, spending the greater part of their time in the water,.

swimming and diving with great facility, feeding mainly oa
fish, crustaceans, and other marine animals, and progress-

ing on land with difficulty. They always come on shored

however, for the purpose of bringing forth their yonng.

They are generally marine, but they occasionally ascend

large rivers, and some inhabit inland seas and lakes, as the

Caspian and Baikal. Though not numerous in species,

they are widely distributed over the world, but occur most

abund'vntly on tho coasts of lands situated in cold and
temperate zones. The suborder is divisible ipto three well-

marked families :—the Otariidx or Sea Bears, which form a
transition from the Fissiped Carnivora to the Seals ; the

Trichechidx, containing the Walrus ; and the Pkocidx or

typical Seals.

FurniUj Otariiii^.

When on land the hind feet are turned forwards nnder the body,

and aid in supporting and muving the trunk as in ordinary

quadrupeds. A small external ear. Testes suspended in a disTwrt

external scrotum. Skull with post orbital processes and alisphenoid.

canal. Palms and soles of feet naked.

O/aria.—Dentition : i I, c \, p |, m '-^; total 34 or 36.

First and second upper incisors small, with the summits of the-

crowns divided by a deep transverse groove into an anterior and a

posterior cusp of nearly equal height ; the third large and
canine-like. Canines large, conic.il, pointed, recurved. Molais

and premolars, usually |. of which the second, third, and fourth ar«
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prececUd liy milk teeth shed a few days after birth ; sometimes (as

in fig. 123) a sixth upper molar (occasionally developed on one side

and not the other) ; all with similar characters, generally nniradi-

cular ; crown moderate, compressed, pointed, with a single principal

cusp, and sometimes a cingulum, and more or less developed anterior

Rnd posterior accessory cusps. Vertebra : C 7, D 15, L 5, S 4, G

Fig. 123.—Skull and Dentition of Otaria forUeri, From Gray,
Pnc. Zool. Soc, 1872, p. HiiO.

fl-10. Head rounded. Eyes large. Pinna of ear small, narrow, and
pointed. Neck long. Skin of all the feet extended far beyond tha
nails and ends of the digits, with a deeply-lobed margin. The nails

small and often quite rudimentary, especially those of the first and
fifth toes of both feet ; the best-developed and most constant are

the three middle claws of the hind foot, which are elongated, com-
pressed, and curved.

Tlie Otarim, or Eared Seals, commonly called Sea Bears or SeaLions,
are widely distributed, especially in the temperate regions of both
hemispheres, though absent from the coasts of the North Atlantic.

As might be inferred from their power of walking on all fours, they
spend more of their time on shore, and range inland to greater dis-

tances, than the true Seals, especially at the breeding time, though
they are obliged always to return to the water to seek their food.

They are gregarious and polygamous, and the males are usually much
larger than the females, a circumstance which has given rise to some
of the confusion existing in the specific detennination of the various

members of the genus. Some of the species possess, in addition to

the stifl', close, hairy covering common to all the group, an exceed-

ingly fine, dense, woolly under fur. The skins of these, when
dressed and deprived of the longer harsh outer hairs, constitut« the

"sealskin" of commerce, so much valued for wearing apparel, which
ia not the product of any of the true Seals. The best-known species

are 0. stcllcri, the Northern Sea Lion, the largest of the genus, from
the' North Pacific, about 10 feet in length; 0. jiibata, the

Southern Sea Lion, from the Falkland Islands and Patagonia

;

0. cali/orniana, from California, frequently exhibited alive in

menageries in Europe ; 0. ursina, the common Sea 13ear or Fur
Seal of the North Pacific, the skins of which are imported in

immense numbers from the Prybiloff Islands ; 0. misilla, from the

Cape of Good Hope ; 0. forstcri and others, from tne coasts of Aus-
tralia and various islands scattered over the southern hemisphere.

These have been grouped by some zoologists into many genera,

founded upon very trivial modifications of teeth and skull.

Family Teicuechid^

la many characters the single genus comprising this family

13 intermediate between the Otariidx and Phociclie, but it has a.

completely aberrant dentition. It has no external ears, as in the

Phocidee ; but when on land the hind feet are turned forwards and
used' in progression, though less completely than in the Otariidee.

The upper canines are developed into immense tusks, which
descend a long distance below the lower jaw. All the other teeth,

including the lower canines, are much alike, small, simple and
one-rooted, the molars with flat crowns. The skull is without post-

orbital process, but has an alisphenoid canal.

Trichccliiis, Liun. ; Odobmnus, Brisson (which some modern
zoologists have revived).—Dentition of young : i §, c }, ;; and m J.

Many of these teeth are, however, lost early or remain through
life in a rudimentary state, concealed by the gums. The teeth

which aro usually developed functionally are i i, c }, 7> J, ot ^ ;

total 18. Vertebra) : C 7, D l-I, L 6, S 4, C 9. Head round. Eyes
rather small. Muzzle short and broad, with on each side a group of

long, very stiff, bristly whiskers. The remainder of the hair cover-

ing very short and adpressed. Tail very rudimentary. Fore feet

with suhcqual toes, with five minute flattened nails. Hind feet with
subequal toes, the fifth slightly the largest, with cutaneous lobes pro-

jecting beyond the ends as in Olaria ; first and fifth with minute
flattened nails ; second, third, and fourth with laige, elongated, sub-
compressed pointed nails.

The Walrus or Morse (T. rofmariis) is found throughout the ciroini-

polar regions, those of the North Atlantic and North Pacific being

considered by some zoologists as distinct sinciea, by others a« local

varieties, Lt is grctrarious. but, owin^' tu the destruction by the

sealers for the sake of its tusks, oil, and hide, it is far less abunaant
than formerly. The u.se of the great tusks (which are developed in
both sexes, though in the female they are more slender than in the
male) appeai-s to be for scraping and digging among the sand aud
shingle for the molluscs and crustaceans which form its principal
sustenance ; they are also formidable weapons of defence.

Family Puocid.e.

The true Seals are the most completely adapted for aquatic life

of all the Pinnipeds. When on land the hind limbs are extended
behind them and take no part in progression, which is eflV-cted by a
.series of jumping movements produced by the muscles of the trunk,
in some species aided by the fore limbs only. The palms and sjles
of the feet are hairy. There is no pinna to the ear, and no scrotum,
the testes being abdominal. The upper incisors have simple, pointed
Clowns, and vary in number in the dilferent groups. All have well
developed canines and s teeth of the molar series. In those species
of which the milk dentition is known, there are three milk molars,
which precede the .second, third, and fourth permanent molars ; the
dentition is therefore^ J, m |, the first premolar having as usual
no milk predecessor: The skull has no post-orbital process and ijo

alisphenoid canal. The fur is stitt' and adpressed, without woolly
under fur.

Subfamily Phocinse.—Incisors J. All feet with five well-
developed claws. The toes on the hind feet subequal, the first

and fifth not greatly exceeding the others in length, aud with the
interdigital membrane not extending beyond the toes.

Halickoerus.—Dentition : i f, e \, p ^, m\; total 34. Molars
with large, simple, conical, recurved, slightly compressed crowns,
with sharp anterior and posterior edges, but without accessory

cusps, except sometimes the two Iiinder ones of the lower jaw.
With the exception of the last one or two in the upper jaw .and the
last in the lower jaw they are all uniradicular. Vertebra : C 7,

D15, L5, S4, C14.
One species, //. gryjnis, the Grey Seal of the coasts of Scandinavia

Bnd the British Isles.

Phoca.—Dental foiTOula as the last. Teeth smaller and more,
pointed. Molars with two roots (except the first in each j.aw). Crowns
with accessory cusps. Vertebra: C7, D 14-15, L6, S4, C 11-14.

Head round and short. Fore feet short, with five very strong, sub-
compressed, slightly curval, rather sharp claws, subequal in length.

On the liind feet the claws much narrower and less curved. The
species of this genus arc widely distributed throughout the northern
hemisphere, and include P. barbata, the Bearded Seal; P. grcenhiui-
ica, the Greenland Seal ; P. viinlina, the Common Seal ; and P.

hispida, the Ringed Seal of the North Atlantic ; P. casvica,

from the Caspian and Aral Seas; and/", siberica, from Lake Baikal.
See Seal.

Subfamily Stenorhynchinee.—Incisors f. Molars two-rooted,
except the first. On the hind feet the first and fifth toes greatly
exceeding the others in length, with nails rudimentary or absent.

Monachus.—Dentition: i |, c\,p\, wi|; total 32. Crowns of

molars strong, conical, compressed, hollowed on the inner side, with
a strongly-marked lobed cingulum, especially on the inner side,

and slightly developed accessory cusps before and behind. The
first and last upper and tho first lower molar considerably .smaller

than the others. Vertebrae : C 7, D 15, L5, S 2, C 11. AUthenails
of both fore and hind feet very small and rudimentary. One
species, il. albivcntcr {Pclagius monachus of some authors), the

Monk Seal of the Mediterranean aud adjacent parts of the

Atlantic.

The other genera of this section have the same dental foi-mula,

but are distinguished by the characters of the niolar teeth and
the feet. They are all inhabitants of the shores of the southern

hemisphere.
SttnorhyncJius (Ogmorhinns, Peters).—All the teeth oi the molar

series with three distinct pointed cusps, deeply separated from each
other ; of these the middle or principal cusp is largest and .slightly

recurved ; the other two (anterior and posterior) are nearly equal in

size, and liave their apices directed towards the middle one. Skull

much elongated. One species, S. Icplonyx, Xhc Sea Leopard, widely

distributed in the Antarctic and southern temperate seas.

Lobodon.—Molars with much-compressed elongated crowns, with

a principal recurved cusp, rounded and somewhat bulbous at the

apex, and with one anterior, and one, two, or three postirior, very

distinct accessory cusps. One species, L. <arcinoptijga.

Leptonyx.—Molars small, with simple, oubcoiuprtsseil, conical

crowns, with a broad cingulum, but no distinct accessory cusps.

L. wcddcllii. ^
Ommatophoca.—All the teeth very sr '1 ; those oi the niolar

series with pointed recurved crowns, and sumll posterior aud still

less developed anterior accessory cusps. Orbits very large. Nails

quite rudimentary on front and absent on hind feet. The skull

bears a considerable resemblaupo to that of the iiieinbers of the nent
subfamily, towards which it may form a transition.. . There is one
species, 0, ros^-i;, of which very little is known.

Subfamily Cystophorinee.— Incisors t. Teeth of mclsr «ru>4
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generally one-rooted. Nose of males with an appendage capable of

being inflated. First and fifth toes of hind fe<>t ijrcatly exceeding

the others in leiisth, with niolonged cutnncajrt lobes, and mdi-
Dientary or no nails.

Ci/s/o;)/i«ra.—Dentition : t't, c}, pi, mi; total 30. Th« last

molar has generallj' two distinct roots. Beneath the skin orer tlie

face of the male, and connected witli the nostrils, is a sac capable

of inflation, when it forms a kind of hood covering the npper part

•f the head. Nails present, though small on the hind feet, C.

cristata, the Hooded or Hladder-Nose Seal of the Polar Seas.

ilacrorhiiuis.—Dentition as the last, but molars of simpler char-

acter, and all one-rooted. All the teeth, except the canines, very

small relatively to the size of the animal. Hind feet without

nails. Vertebrfe : C 7, D 15, L 5, S 4, C 11. Nose of ndnlt male pro-

duced into a short tubular proboscis, ordinarily flaccid, but capable

of dilatation and elongation nnder excitement. One species, M.
Iconina, the Elephant.Seal, or " Sea Elephaut " of the wlialers, the

largest of the whole family, attaining the length of nearly 20 feet.

Formerly abundant ia the Antarctic Seas, and also found on tho

coast of California.

Ex*riNCT Pinnipeds,

Remains of animals, of this group have been foond In late

Miocene and Pliocene strata in Europe and America, the most
abundant and best preserved being those of tho Antwerp Crags,

the subject of a recent illustrated monograph by Van Bencden.

Nothing has, however, yet been discovered which throws any light

upon the origin of the group, as all the extinct forms at present

known come within tho definition of the existing families ; and,

though annectant forms between these occur, there are as yet no
transitions to a more generalized type of mammal. Indeed, all

those of which the characters are best known belong to the com-
pletely developed Phocine or Trichechine, not to the Otarine,

type. The structure of the Pinnipeds is so clearly a modification

of that of the terrestrial Carnivores, especially of the Arctoid type,

that it is difScuU to imagine that they can have had any other

origin but one in common with that group ; but the separation

must have taken place early in the Tertiary epoch, if not before.

Dibliography of Pinniptdia.—J. A. AUen, HiHory of North American Pinnl-

f&is, 1880 ; P. J. Van Beneden, Ossementi fossUei cTAnvers, pt. I., 1877,

Order PRIMATES.
This order in tlie sy.stem of Linnasus iucludes Man, all

the Monkeys, the L?murs, and the Bats. By common con-

sent of all zoologists the last-niimed animals have been

removed into a distinct order. With regard to the associa-

tion of the others, there hns been, and still is, much
diflFerence of opinion.

That all the Monkeys, from the highest Anthropoid

Apes to the lowest Marmosets, form a natural and tolerably

homogeneous group seems never to have been questioned

;

but whether the Lemurs on the one hand and ^lan on the

other should be united with them in the same order are

points of cotitroversy. With regard to the first, the question

has already been referred to in the article Lemur, in which

an account has been given of the characters and the princi-

pal modifications of the type. If, in accordance with the

traditional views of zoologists, they are stUl considered to

be members of the order Primates, they must form a sub-

order apart from all the others, with which they have really

very little in common except the opposable hallos of the

hind foot, a character also met with in the Opossums, and
which is therefore of very secondary importance.

The history of all the various forms of true Monkeys is

very fully given in the article Ape. The position of Man
alone remains to be considered. In the Si/ste7na Katvrx
of Linnaeus he was separated only generically from tlie

Apes, but in the nest great work which exercised a wide-

spread influence over the progress of zoological science, the
Regae Animal of Cuvier, he forms a distinct order under
the name of Bimana, the Monkeys and Lemurs being
associated together as Quadrumana. This has been the

prevailing arrangement in the zoological systems of the

present century, though in the classification of Owen his

position is still farther removed from that of the Monkeys,
as in it the genus Homo forms one of the four primary
divisions or subclasses of the Jfammalia, called Archence-

phnla, the Qvadrumana being united with the Camivora,

Unyulata, and others in another division called Gyrence-
phala. On the other hand the tendency of most modero
systematists, for reasons which have been fully stated by
Professor Huxley,' is to revert towards the Linnaean
position. Considering solely the facts of Man's bodily

structure, it can be clearly demonstrated that the points in

which he differs from the most nearly resembling Ape are

not of greater importance than those by which that Ape
differs from other universally acknowledged members of

the group ; and therefore, in any natural system, if Man is

to be made a subject of zoological classification upon the

same principles as those applied elsewhere, he must be in-

cluded in tlie order which comprises the Monkeys. We
say upon the same principles as are applied elsewhere, as

zoological classification has never taken into consideration

the psychological characteristics which distinguish the sub-

jects of its investigations, but only their tangible and
physical structure, otherwise endless confusion would
result, at all events with our very imperfect knowledge of

animal psychology. The essential attributes which distin-

guish Man, and give him a perfectly isolated position

among living creatures, are not to be found in his bodily

structure, and therefore should either be left entirely out

of consideration or have such weight given to them as

would remove him completely out of the region of zoologi-

cal classification. To profess to classify Man as if he
were one of the animals, as in all points of the structure

and functions of his organs he undoubtedly is, to place

him in the class Mammalia, and then to allow other con-

siderations to influence the judgment as to the particular

position he should occupy in the class, is most illogical

Man, therefore, considered from a zoological point of

view, must be included in the order Primates, even if the

Lemurs are removed from it, as his structural afiinities

with the Monkeys are far closer than are those of the so-

called " Half-Apes." We may, without treading upon
debateable ground, go farther, and say that the differences

between Man and the Anthropoid Apes are really not so

marked as those which separate the latter from the

American Monkeys. Perhaps the best exposition of the

facts relating to the present condition of the order will be

a division into five sections, which may be considered as

families, of course without intending to imply that they

are exactly equivalent, or that the intervals which separate

them are of precisely the same importance, but that they

are five distinct groups, all branches from a common stem,

and unconnected in the present condition of nature by
any intermediate forms. These are—(1) Hominidse, con-

taining Man alone ; (2) Simiidx, containing the four genera

of Man-like Apes : Troglodytes, Gorilla, Simia, and Ilylohales ;

(3) Cercopithecidx, containing all the remaining Old-World

Monkeys
; (4) Cebidx, containing the American Monkeys

having three true molar teeth on each side of each jaw

;

and (5) Ilapalids, the American Monkevs with two molar

teeth, or Marmosets.

The distinctions between Hominidse and Simiidx of

which alone we have to treat at present, as the characters of

the other families are given in the article Ape, are chieflj

relative, being greater size of brain and of brain case aa

compared with the facial portion of the skull, smaller

development of the canine teeth of the males, more com-

plete adaptation of tho structure of the vertebral column

to the vertical position, greater length of the lower as com-

pared with the upper extremities, and greater length of hallur

or great toe, with almost complete absence of the power of

bringing it in opposition to the other four toes. The last

.
1 Man's Place in Nature, 1863, and Anatomy qf Yerttihrnted Ani

mats, 1871. See also the more recent investigations of Broca into the

comparative structure of Man and the hisher Ayes, published mostljr

in the Revue d'/Anthropologif.
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and the small size of the canine teeth are perhaps the most

marked and easily defined distinctions that can be drawn
between the two groups.

Man is universally admitted to form a single genus,

Homo of Linnaeus, but a question of considerable import-

ance in treating of him from a zoological point of view,

and one which has been a subject of much controversy, is

whether all men should be considered as belonging to one

or to several species. This question is perhaps of less

importance now than formerly, when those who maintained

a plurality -of species associated with the hypothesis

plurality of origin. One of the strongest arguments

against tho view that the various races of Man represent

more than, one species is that none of those who have

maintained it have been able to agree as to how many dis-

tinct specific modifications can be defined, almost every

number from three to twenty or more having been advo-

cated by different authors. If the distinguishing characters

of the so-called species had been so marked, there could

not be such a remarkable diversity of opinion upon them.

Again, the two facts— (1) that, however different the ex-

tremes of any two races may be in appearance (and it

must be admitted that, as advocated by many polygenists,

the differences are greater than many which are considi-red

specific among other animals), every intermediate grad-

ation- can be found through which the one passes into

the' other, and (2) that all races are fertile inter se—are

quite conclusive in favour of considering Man as repre-

«3nting a single species in the ordinary sense in which

tho word is now used, and of treating of all his various

modifications as varieties or races.

The great problem at the root of all zoology, the discovery

of a natural classification which shall be an expression of

our knowledge of the real relationship or consanguinity of

different forms, is also applicable to the study of the races

of Man. When we can satisfactorily prove that any two
of. the known groups of mankind are descended from the

same common stock, a point is gained. The more such

points we have acquired the more nearly shall we be able

to picture to ourselves, not only the present, but the past

distribution of the races of Man upon the earth, and the

mode and order in which they have been derived from
one another. Bat tho difficulties in the way of applying

zoological principles to the classification of Man are vastly

greater than in the case of most animals. When groups

of animals become so far differentiated from each other as

to represent separate species, they remain isolated ; they

may break up into further subdivisions—in fact, it is only

by further subdivision that new species can be formed ; but

it is of the very essence of species-, as now universally

understood by naturalists, that they cannot recombine, and

so give rise to new forms. With the varieties of Man it

is otherwise. They have never so far separated as to

answer to the physiological definition of species. All

races, as said above, are fertile with one another, though

perhaps in different degrees. Hence new varieties have

constantly been formed, not only by tho segmentation of

portions of one of tho old stocks, but also by various

combinations of those already established.

Without entering into the difficult question of the

method of Man's first appearance upon the world, wo
must assume for it vast antiquity,—at all events as

measured by any historical standard. Of this there is

now ample proof. During tho long time he existed in a
savage state—a time compared to which the dawn of our
historical period is as yesterdayT-ho was influenced by
tho operation of those natural laws which have produced
the variations seen in other regions of organic nature.

Tiio first Men may very probably have been all alike ; but,

when spread over tho face of the earth, and become subject

to all kinds of diverse external conditions,—climate, food
competition with members of his own species or with wilu

animals,—racial differences began slowly to be developed

through the potency of various kipds of selection acting

upon the slight variations which appeared in individuals

in obedience to the tendency planted in all living things.

These differences manifested themselves externally in the

colour of tho skin, the colour, quality, and distribution

of the hair, the form of the head and features, and the pro-

portions of the limbs, as well as in the general stature.

Geographical position must have been one of the main
elements in determining the formation and permanence of

races. Groups of Jlen isolated from their fellows for long

periods, such as those living on small islands, to which
their ancestors may have been accidentally drifted, would
naturally, in course of time, develop a new type of features,

of skull, of complexion, or hair. A slight set in one direc-

tion, in any of these characters, would constantly tend to

intensify itself, and so new races would be formed. In
the same way, different intellectual or moral qualities

would be gradually developed or transmitted in different

groups of Men. The longer a race thus formed remained
isolated, the more strongly impressed and the more perma-

nent would its characteristics become, and less liable to

be changed or lost when the surrounding circumstances

were altered, or under a moderate amount of intermixture

from other races—the more " true " in fact, would it be.

On the other hand, on large continental tracts, where no

mountain ranges or other natural barriers form obstacles to

free intercourse between tribe and tribe, there would always

be a tendency towards uniformity, from the amalgamation

of races brought into close relation by war or by com-

merce. Smaller or feebler races would be destroyed o:

absorbed by others impelled by superabundant population

or other causes to spread beyond their original limits ; or

sometimes the conquering race would itself disappear

by absorption into the conquered.

Thus, for untold ages, the history of Man has presented

a shifting, kaleidoscopic scene : new races gradually be-

coming differentiated out of the old elements, and, after

dwelling a while upon the earth, either becoming' suddenly

annihilated or gradually merged into' new combinations

;

a constant destruction and reconstruction ; a constant

tendency to separation and differentiation, and a tendency

to combine again into a common uniformity—the two

tendencies acting against and modifying each other. The

history of these processes in former times, except in so far

as they may be inferred from the present state of things,

is a difficult study, owing to the scarcity of evidence. If

we had any approach to a complete palasontological record,

the history of Man could be rfeconstructed ; but nothing

of the kind is forthcoming. Evidence of the anatomical

characters of Man, as he lived on the earth during the time

when the most striking racial characteristics were being

developed, during the long ante-historic period in which

the Negro, the Mongolian, and the Caucasian were being

gradually fashioned into their respective types, is entirely

wanting, or if any exists it is at present safely buried in

tho earth, perhaps to bo revealed at some unexpected time

and in some.unforeseen manner. Even the materials from

which a history of the modifications of the human species

as known to our generation must be constructed arp rapidly

passing away, as the age in which we live is an oge in

which, in a far greater degree than any previous one, tho

destruction of races, both by annihilation and absorption,

is going on. Owing to the rapid extension of maritime

discovery and commerce, changes such as have never been

witnessed before are now taking plaeo in the ethnology of

tho world, changes especially affecting tho island popula-

tions among which, more than elsewhere, the solution of
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many of these problems may be looked for. The subject

is, however, attracting the attention of observers of all

countries to a greater degree than it ever Las before, with

the usual result of bringing distrust upon, and dissatis-

faction witli, tliB old systems, without as yet establishing

anything in their place which meets with universal accept-

ance. The difficulty of finding distinctive characters

capable of strict definition by which races or groups may
be differentiated may be inferred from what has been said

above. It is rather by the preponderance of certain

characters in a large number of members of a group than

by the exclusive or even constant possession of these

characters in each of its members that the group must be

distinguished. Hence, in all cases in which the characters

can be expressed by the numerical method, as in the

dimensions and proportions of different parts of the body,
averages are now largely used by anthropologists. Provided
the data upon which these averages are based have been
obtained from a sutBcient number of individuals, they can
be absolutely relied upon to express the prevailing or most
characteristic development of each particular feature in any
group, and permit satisfactory comparisons between the

conditions of that feature in different groups. Great pro-

gress is now being made in perfecting the methods of

investigation of racial characteristics, and as we are begin-

ning to learn what lines of research are profitable and
what are barren, we may hope that the time is not far

distant when we may get some clear insight into the

knowledge of the natural classification and relationships of

the races of Man. (w. h. f.)
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"MAMMOTH, a name commnnly givea to one of the

liniDerous extinct forms of Elephant, Elephas primigenius

of Blumenbach and most subsequent authors. ^ Prob-

abiy no aivimal which has not survived to the historic

period has left such abundant and well-preserved evidence

of* its former existence. The discovery of immense

ntunbers, not only, as in the case of most extinct creatures,

in tht form of fragmentary bones and teeth, but often as

Bkore or less entire carcases, or "mummies" as they may be

Fio. 1.—Restored Skeleton of Mammoth {Elephas primigenius). From Tilesins in J/M. Acad.
Imp. Sc. SI PUersbourg, t. t. (1S15).

^led, with the flesh, skin, and hair in situ, in the frozen

ioil of the tundras of northern Siberia, has for a long time

given 5,'reat interest to the species, and been the cause of

many legendary stories among the natives of the lands in

which they occur. Among these one of the most prevailing

is that the Mammoth was, or still is, an animal which passes

its life habitually in burrows below the surface of the

ground, and which immediately dies if by any chance it

«omes into the upper air.

Thi general characteristics of the animals of the order

Proboscidea, to which the JIammoth belongs, are given in

the article Mammalia (p. 423). Its position is also there

indicated as a member of the most highly specialized section

of the group of Elephants, that called by 'EaXconex:Eudephas,
%vhich also contains the modern Asiatic species. Of the

whole group it is in many respects, as in the size and form
•of the tusks, and especially the characters of the molar teeth,

the farthest removed from the primitive !Mastodon-like

type, while its nearest surviving relative, E. indicus, has
retained the slightly more generalized characters of the
Mammoth's contemporaries of more southern climes, E.
columbi of America, and E. armeniacus of the Old World,
;f, indeed, it can be specifically distinguished from them.
The tusks or upper incisor teeth were doubtless present

in both sexes, but probably of smaller size in the female.

In the adult males they often attained the length of from
9 to 10 feet measured along the outer curve. Upon leav-

ing the head they were directed at first downwards and
outwards, then upwards and finally inwards at the tips,

• The word Mammoth was intrcdaced into tlic languages of westom
Europe about two cei.tnries ago from tl.e Ri'sdnn, and is thought by
Pil'ma and Nordciiskidld to he oi' Tfi'tar f.rigin, but otlicrs, as Witzen,
Strshlenburg, and Howortli havo eiideavourcil to prove that it ia a
corruption of the Arabic word Behemoth or great beast.

and generally with •a tendency to a spiral form not seen in

other species of Elephant. Different specimens, however,

present great variations in curve, from nearlj' straight to

an almost complete circle.

It is chiefly by the characters of the molar teeth that

the various extinct modifications of the Elephant type are

distinguished. Those of the Mammoth (see fig. 2) differ

from the corresponding organs of allied species in (1) great

breadth of the crown as compared with the length, (*2) the

narrowness and crowding or

close approximation of the

ridges, (3) the thinness of the

enamel and its straightness,

parallelism, and absence of

"crimping" as seen on the

worn surface, or in a horizontal

section of the tooth. The
molars, as in other Elephants,

are six in number on each

side above and below, suc-

ceeding each other from before

backwards. Of these . Dr
Falconer gave the prevailing

"ridge-formula" (or number
of complete enamelled ridges

in each tooth) as 4, 8, 12, 12,

16, 24, as in E. indicus. Er
Leith Adams, working from
more abundant materials, has

shown that the number of

ridges of each tooth, especially

those at the posterior end of

the series, is subject to very

great individual variation,

ranging in each tooth of the

series within the following

to 12, 9 to 15, 14 to 16, 18limits : 3 to 4, 6 to 9, 9

to 27,—excluding the small plates called " talons " at each
end of the tooth. Besides these variations in the number
of ridges or plates of which each tooth is composed, tho

thickness of the

enamel varies so

much as to

have given rise

to a distinc-

tion between a
" thick-plated

"

and a " thin-

plated " variety,

—the latter be-

ing most pre- Fio. 2.—Grinding Surface of Upper Molar Tooth
valent among of the Mammotli {JSlephas primigenius). From

the specimens Owen, c, cementum ; rf, dentine ; e, enamel.

from the Arctic regions,and most distinctively characteristic

of the species. From the specimens with thick enamel
plates the transition to the other species or varieties men-
tioned abevo, including E. indicus, is almost imperceptible.

Tho bones of the skeleton generally more resemble those

of tho Indian Elephant than of any other knowu species,

but the skull differs, in tho narrower summit, narrower
temporal fossa), and more prolonged incisive sheaths,

required to support the roots of the enormous tusks.

Among the external characters bj' which the Mammoth
was distinguished from either of the existing species of

Elephant was tho dense clothing, not only of long coarse

outer hair, but also of close under woolly hair, of a rc<ldish-

brown colour, evidently in adaptation to the colder climate
which it inhabited. This character, for a knowledge of

which we are indebted to the well-preserved remains (iv- '

in northern Siberia, is also represented in the rude bu;
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graphic drawings of prehistoric age, 'founcl in caverns in

the south of France.' In size different individuals varied

considerably, but the average height does not appear to

have exceeded that of either of the existing species of

Elephant.

The geographical range of the Mammoth was v5ry

extensive. There is scarcely a county in England in which

some of its remains have not been found either in alluvial

deposits of gravel or iu caverns, and numbers of its teeth

are from time to time dredged up from the bottom of the

sea by the fishermen who ply their trade in the German
Ocean, having been washed out of the water-worn cliffs of

the eastern counties of England. In Scotland and Ireland

its remains are less abundant, but they have been found in

vast numbers at various localities throughout the greater

part of central Europe (as far south as Santander iu Spain

and Kome), northern Asia, and the northern part of the

American continent, though the exact distribution of the

Mammoth in the New World is still a question of debate.

It has not hitherto been met with in any part of Scan-

dinavia or Finland.

In point of time, the Mammoth belongs exclusively to

the post-Tertiary or Pleistocene epoch of geologists, and it

was undoubtedly contemporaneous with man in France, and
probably elsewhere. There is evidence to show that it

existed in Britain before, during, and after the glacial

period.

As before indicated, it is in the northern part of Siberia

that its remains have been found in the greatest abund-
ance, and in quite exceptional conditions of preservation.

For a very long period there has been from that region

a regular export of Mammoth ivory in a state fit for com-
mercial purposes, both eastward to China and westward to

Europe. In the middle of the 10th century an active

trade was carried on at Khiva in fossil ivory, which was
fashioned into combs, vases, and other objects, as related

by Abii '1 Kdsim, an Arab writer of that period. Mid-
dendorff reckoned that the number of tusks which have
yearly come into the market during the last two centuries

has been at least a hundred pairs, and Nordenskiold from
personal observation considers this calculation as prob-

ably rather too low than too high. They are found at all

suitable plaices along the whole line of the shore between
the mouth of the Obi and Behring's Straits, and the farther

north the more numerous do they become, the islands of

New Siberia being now one of the most favourite collecting

localities. The soil of Bear Islands and of Liachoff Islands
is said to consbt only of sand and ice with such quantities
of Mammoth bones as almost to compose its chief substance.
The remains are not only found around the mouths of the
great rivers, as would be the case if the carcases had been
washed down from more southern localities in the interior

of the continent, but are imbedded in the frozen soil in

such circumstances as to indicate that the animals had lived
not far from the localities in which they are now found, and
they are exposed either by the melting of tho ice in

unusually warm summers or by the washing away of the
sea cliffs or river banks by storms or floods. In this way
the bodies of more or less perfect animals, often standing
in the erect position, with the soft parts and hairy covering
entire, have frequently been brought to light

References to the principal recorded discoveries of this kind, and
to the numerous speculations to which they have given rise, both
among tho ignorant peasants and learned academicians, will be
found in Nordenskiold's Voyage of the Vega (English translation,
vol. i. 1881, p. 398 sj.) and a series of papers in the Geological
ilagazine for 1880 and 1831, by H. H. Howorth. For the geo-

* The best-known of these is the etching upon a portion of tusk
found in the cave of La Ma<lelaine in the Dordogne, figured in Christy
and Lartet's Reliquiae Aquifanicac, arid in many other works bearing
ou the 9uVy«ct of the antiquity of niau.

graphical distribution and anatomical characters, sec Falconer's
FalfconloUgical ihmoirs, vol. ii., 1868; Boyd Dawkins, " Elcpha*
primigcnius, its range in space and time," Quart, jour. Gcol.

Soc, xixv. p. 133 (1879); and Leith Adams, "Monograph of

British Fossil Elephants," part ii., Falseontographical Society,

1879. (W. H. F.)

JIAMMOTH CAVE, in Edmondson county, Kentucky,
United States, 37° 14' N. lat. and 86° 12' "W. long., by
rail 85 miles south-south-west of Louisville, was discovered,

in 1809, by a hunter named Hutchius, while in pursuit of

a wounded bear. Its mouth is in a forest ravine, 194 feet

above Green river, and 600 feet above the sea. This
aperture is not the original mouth, the latter being a chasm a
quarter of a mile north of it, and leading into what is known
as Dixon's Cave. The two portions are not now connected,
though persons in one can make themselves heard by those

iu the other. Saltpetre was formerly made from the nitrous

earth in which the cave abounded ; but it is now mainly
turned to account as a place of exhibition.

The cavernous limestone of Kentucky covers an area of

8000 square miles, is massive and homogeneous, and belongs

to the Subcarboniferous period. It shows few trace?

of dynamic disturbance, but has been carved, since the

Miocene epoch, into many caverns, of which the Mammoth
Cave is the noblest specimen known. The region is

undulating, "but its valleys are mostly funnel-shaped

depressions emptying through fissures into subterranean

streams, which feed rivers, ofteu of navigable size, au.;

whose waters are never frozen over, even in severe winters.

Such valleys are called sink-holes

The natural arch that admits one to Mammoth Cave lias

a span of 70 feet, and from a ledge above it a cascade

leaps 50 feet to the rocks below, where it disappears. A
winding flight of stone steps leads the way down to a

narrow passage, through which the air rushes with violence,

outward in summer, and inward in winter. The tempera-

ture of the cave is uniformly 54° Fahr. throughout the
year, and the atmosphere is both chemically and optically

of singular purity. While the lower levels are moist from
the large pools that have secret connexion with Green
river, the upper galleries are extremely dry. These con-

ditions led, at one time, to the erection of thirteen cottages,

at a point about 1 mile under ground, for the use of

invalids, especially consumptives. The experiment ended
in failure, and only two cottages now remain

The Main Cave, from 40 to 300 feet wide, and from 35
to 125 feet high, has several vast rooms, e.g., the Rotunda,
where are the ruins of the old saltpetre works ; the Star

Chamber, where the protrusion of white crystals through
a coating of the black oxide of manganese creates an optical

illusion of great beauty; the Chief City, where an area of

2 acres is covered by a vault 125 feet h^gh, and the

floor is strewn with rocky fragments, among which are

found numerous half-burnt torches made of canes, and
other signs of prehistoric occupancy. Two skeletons were
exhumed near the Rotunda; but no other bones of any
description have been found. The so-called Mammoth
Cave " mummies " {i.e., bodies kept by being inhumed in

nitrous earth), with accompanying utensils, ornaments,

braided sandals, and other relics, were found in Short and
Salt caves near by, and removed to Mammoth Cave for

exhibitiou. The Main Cave, which abruptly ends 4 miles

from the entrance, is joined by winding passages, with

spacious galleries on different levels ; and, although the

diameter of the area of the whole cavern is less than ID
miles, the combined length of all accessible avenues is

supposed to be about 150 miles.^

^ The present manager, Mr F. Klett, has undertaken the difficult task
of a thorough survey, the results of which, so far aa completed, are
presentt^d in the accompanying map. The portion beyond River Hall
is supplemented from an older survey by Stephen, the guide.



MAMMOTH CAVE 449

The chief points of interest are arranged along two lines of

exploration, besides which there are certain side excursions. The
"short route" requires about four hours, andthc "long route"

nine. Audubon's Avenue, the one nearest the entrance, is seldom

visited, except by tlie bats that hang from the walls in clusters like

Bwarms of bees. The Gothic Avenue contains numerous large

stalactites and stalagmites, and an interesting place called the

Chapel, and ends in a small double dome and cascade. Among the

most surprising features of cave scenery are the vertical shafts that

pierce through all levels, from the uppermost galleries, or even from

the sink-holes, down to the lowest floor. These are styled pits or

domes, according to the position occupied by the observer. A
crevice behind a block of stone 40 feet long by 20 wide, called the

Giant's Coffin, admits the explorer to a place where six pits, varying

in depth from 65 feet to 220 feet, exist in an area of 600 yards.

This includes Gorin's Dome, which is viewed from a point midway
in its side, and is by many regarded as the finest room in the

cavern. Others admire more the Mammoth Dome, at the termina-

tion of Spark's Avenue, where a cataract falls from a height of 250

feet amid walls wonderfully draped with stalactitic tapestry. The
Egyptian Temple, which is a continuation of the Mammoth Dome,

contains six massive columns, two of them quite perfect, and 80
feet high and 25 feet in diameter. The combined length of these
contiguous chambers is 400 feet. By a crevice above they are con-
nected with an arm of Audubon's -Avenue. Lucy's Dome, about
300 feet high, is supposed to be the loftiest of all these vertical

shafts. A pit called "the Maelstrom," in Croghan's Hall, is tha
spot most remote from the mouth of the cave ; a sou of Prentice,
the poet, permitted himself to be lowered 190 feet by a rope to the
bottom, in 1859. There are some fine stalactites near this pit, and
others in the Fairy Grotto and in Tensico Avenue ; but, consider-
ing the magnitude of Mammoth Cave, its poverty of stalactitic

ornamentation is remarkable. The wealth of crystals is, however,
surprising. These are of endless variety and fantastic beauty.
Besides the sparkling vault of the Star Chamber (300 feet long and
80 high), there are halls canopied by ileecy clouds, or studded with
mimic snowballs, and others displaying various grotesque resem-
blances on the walls and ceiling.

Cleveland's Cabinet and Marion's Avenue, each a mile long, are

adorned by myriads of gypsum rosettes and curiously twisted

crystals, called "oulopholites." These cave flowers are unfolded
by pressure, as if a sheaf were forced through a tight binding, and

ItfAMOIH
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the crystal fibres curl outward from the centre of the group. Thus
spotless arches of 50 feet span are embellished by floral clusters and
garlands, hiding nearly every foot of the grey limestone. The
uotryoidal formations hanging by hcueauds in Mary's "Vineyard
resemble mimic clusters ot grnpes, as the oulopholites resemble
roses. Again there are chambers with drifts of 6no^vy crystals of

the sulphate of maguesia, the ceilings so thickly covered with their

efflorescence that a loud concussion of the air will cause them to fall

Lke the flakes of a snow storm..

Many small rooms and tortuous paths, where nothing of special

interest can be found, are avoided as much as possible on the
regular routes ; but certain disagreeable experiences are inevitable.
There is peril also in the vicinity of the deep pits. The one known
as the Bottomless Pit was for many years a oarrier to all further
exploration, but is now c'lssed by a wooden bridge. Long before
the shaft had been cut as deep ac now, the water flowed avsy by n
channel gradually contracting to a serpentine vray, eo extremely
narrow as to bo called the Fat Man's Misery. "The walls, oniy
18 inches apart, change direction eight times in 105 yards, while
the diiitance from the sandy path to the lodge overhead is but
6 {(Mt. The rocky sides arc finely marked with waves and ripples,

as it running water had suddenly been petrified. This winding
way conducts one to River Hall, beyond which lie the crystalline

gardens that have been described. It used to be said that, if this

narrow passage were blocked np, escape would be impossible ; but
lately an intricate web of fissures, called the Corkscrew, has been
iisoovered, by means of which a good climber, ascending only a few
hundred feet, lands 1000 yards from the mouth of the cave, and
cuts off one or two miles.

The waters, entering through numerous domes and pits, and
falling, during the rainy season, in cascades of great volume, are

finally collected in Kiver Hall, where they form several extensive

lakes, or rivers, whose connexion with Green river is known to

bo in two deep springs appearing under arches on its margin
Whenever there is a freshet in Green river the streams in the

cave are joined in a continuous body of water, the rise some-
times being 60 feet above the low-water mark. The subsidence

within is iais rapid than the rise ; and the streams are impassable
'cr ebout seven mont! s ia each year. They are navigable from
May to Oclooer, snd furnish inter"sting features of cave scenory.

The first approached is caiieu tht Pcad Sea, embraced by cliflTs 60
feet high and 100 feet long, above whicb » ^cth iu« been made,

XV. - 5?
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•whence a etairway conducts us down to the banks of the River

Styx, a body of water 40 feet wide and 400 feet long, crossed by a

natural bridge. Lake Lethe comes next—a broad basin enclosed by

wails 90 feet high, below which a narrow path leads to a pontoon at

the neck of the lake. A beach of the finest yellow sand extends for

500 yards to Echo river, the largest of all, being from 20 to 200

feet wide, 10 to 40 feet deep, and about three-quarters of a mile

long. It is crossed by boats. The arched passage-way is very

.syinmetrical, varying in heiglit from 10 to 35 feet, and famous for

its musical reverberations,—not a distinct'eclio, but an harmonious

prolongation of sound for from 10 to 30 seconds after the original

tone is produced. The long vault has a certain keynote of its own,

which, when firmly struck, excites harmonics, including tones of

incredible depth and sweetness.

The fauna of Mammoth Cave has been classified by Putman,

Packard, and Cope, who have catalogued twenty-eight species truly

subterraneous, besides those that may be regarded as stragglers from

the surface. They are distributed tbai :

—

Vcrtebrata, i species;

Jnsecta, 11 ; Aracknida, 6 ; ihjrinpoda,, 2 ; Crustacea, 2 ; Vermes,

3. Ehrenberg adds a list of 8 Polygastrio Infusoria, 1 fossil

infusorian, 5 Phytolilharia, and several microscopic fungi. A
bed of Agaricus was found by the writer near the Kiver Styx ;

and upon this hint an attempt "has been made to propagate edible

fungi in this locality. The most interesting inhabitants of Mam-
moth Cave are the blind, wingless grasshoppers, with extremely

ion" antennse ; blind, colourless crayfish {Cambarus pellucidiis,

Teli{.) ; and the blind fish, Amhhjopsis spelseus, colourless and

viviparous, from 1 inch to 6 inches long. The Cambarus and

Amblyopsis have wide distribution, being found in many other

caves, and also in deep wells, in Kentucky and Indiana. Fish

not blind are occasiooally caught, which are apparently identical

with species existing in streams outside. The true subterranean

fauna may be regarded as chiefly of Pleistocene origin ; yet certain

torms are possibly remnants of Tertiary life. The strongly marked

divergence of these animals from those found outside convinced

the elder Agassiz that they were specially created for the limits

within which they dwell. But the opinion now held is that they

are modified from allied species existing in the sunlight, and that

their pecuiiarities may all be accounted for on principles of evolu-

tion,—the process being accelerated (or retarded) by their migra-

tion from the outer world to a realm of absolute silence and
perpetual darkness.

The liljvature of Maramolli Cave is extensive, though scattered through many
periodicals, volumes of travels, and scientiSc reports. See especially Bullllt,

Rambles by a ruUor,\Ui: Coains, History of Kenlurky. 1S47; Fom-ood, T/ie

Sfammolh Cave, ISTO; Pacltard and Putnam, Inhabitants of Mammoth Cave, 1872;

Shaler, Memoirs of Qeotogical Survey of Kentueky, 1876 ; Hovey •' In Mammoth
Cave," Scribner's Magazine, 1880 ; Celebrated Caverns, 1882. <H. C. H.)

MAN. See Antheopology (voL ii p. 107 sq.) and the

articles on the various contributory sciences there referred

to. Compare also Mammalia, above, p. 444.

MAN, Isle of, a domitiioa of the crown of England,

sitiidted in the Irish Sea, almost equidistant from England

on the east, Scotland on the north, and Ireland on the

west. It lies between 54° 2' and 54° 25' N. lat., and

between 4° 18' and 4° 50' W. long., Douglas on the east

coast of the island being distant 58 miles west-north-west

from Fleetwood, while Peel on the west coast is 65 miles

south-east of Belfast, The greatest length of the island

is about 33 miles, and its greatest breadth about 12 miles.

The total area is 145,325 acres, or about 227 square miles.

A mountain range occupies the larger portion of the

island, extending from Maughold Head to the Calf Islet;

the highest summits—.Snaefell (2024 feet). North Barrule

(1842), and Slieu Chairw (1808)—are in the north-west.

These mountains rise abruptly from the narrow tract of

almost level ground which forms the extreme northern

boundary of the island; and between their lofty chasms are

the lovely and picturesque recesses of Kavensdalej Sulby
Glen, Glen Aldyn, and Ballure. The fine scenery of the

mountains has been made more accessible by the construc-

tion of a series of roads, commanding at many points views

unsurpassed in the United Kingdom for pictiiresqueness

and variety. In the south-western portion of the mountain
range only one summit, thai of South Barrule (1585 feet,)

rises above 1500 feet. Jrom Peel southwards along the

western shore the mountains stretch to the very edge of
the 2oast-line, and at the south-western extremity the shore
is wildly precipitous, especially at Cronk-ny-lrree-Lhaa,

whioii rises abruptly from the sea to the height of 1449

feet; at Brada Head, near which Brada Hill forms an

almost precipitous wall over 700 feet in height ; at Calf

Islet, surrounded by rugged broken rocks ; and at Spanish

Head (said to take its name from the destruction which

there overtook a portion of the Spanish Armada). Towards

the south-eastern shore the mountains slope more gradually

towards the sea, the coast of which is generally low and

sandy, being indented by several finely rounded baya, ii»-

cludiug Castletown Bay and Derby Haven. From Derby

Haven to I*Iaughold Point the coast is frequently bold and

rocky, and the numerous creeks and bays, the largest of

which are Douglas Bay and Laxcy Bay, greatly add to the

charm and variety of the scenery. From Maughold Head

round to Peel the eoast presents little of special interest,

being formed in great part of sand and gravel cliffs,

although along the western side the bold clay-clate form»

mation again appears.
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Castletown, Langnoss, aad other points along the coast.

A large mass of granite, containing silvery mica, red and

"'bite felspar, and gray quartz, rests on the eastern slope

of South Barrulo mountain, and valuable masses of the

same rock appear at the Dhoon river to the north-east of

the Laxey lead-mines. Upper Old Red Sandstone and
conglomerate occur at Peel on the west coast, and on the

south coast, in the neighbourhood of Castletown Bay,

chiefly at the peninsula of Langness. It rests on tlie

optumed edges of the slates, and passes imperceptibly

into the beds of limestone. The Carboniferous or Moun-
tain Limestone is the only representative of the Carboni-

ferous strata in the island. The limestone contains

namerous fossils. At Poolvash it assumes the character

of black marble, which is much used for chimneypieces.

At Scarlet Point, and thence to Poolvash, interesting evi-

dence exists of volcanic eruptions during the accumulation

of the Carboniferous rocks. A great blank in the geolo-

gical record occurs at the top of the limestone series, for

the next strata that appear are the clays and gravels of

the Glacial period. These strata occujiy the greater portion

of the low ground of the island, and consist of boulder

clay, drift gravel, and sands. They occasionally reach as

far up the mountains as 500 feet, and in the southern dis-

tricts erratic boulders are sometimes to be observed on the

very highest summits. Boulders of granite, for example,

have been carried across South Barrule Hill (1585 feet)

and dropped on the top of Crook-ny-Irree-Lhaa (1449

feet). The whole of the plain in the north of the island is

occupied by Drift deposits, which occasionally form hills

above 300 feet in height. Numerous depressions in the

plain at one time occupied by lakes aro now filled by beds

of peat.

Minerah.—The moat important minerals are lead, copper, and
zinc. The principal mines aro those of La.tey, near the Laxey
river, which produce lead, copper, and especially sulphide of zinc,

which forms more than two-thirds of the total quantity of oro

raised from those mines. The galena obtained is very rich in silver.

The Foxdale mines, between Castletown and St John's, are also

very largely wruught. The amount of copper ore is comparatively

small. The mines are rented from the queen as lady of the manor,
the lessees paying one-tenth of the produce. In 1852 the total

quantity of lead ore obtained was 2415 tons, of lead 18341 tons, and
of silver 36,700 oz., the value of which was £7646. In 1871 the

total quantity of lead ore obtained was 4645 tons, producing 3335
tons of lead and 176,631 oz. of silver ; 5768 tons of zinc were also

obtained, valued at £19,015, and 267 tons of copper ore, producing
18 tons of copper, valued at £1074. In 1881 Brada Head copper-

mine yielded 78 tons of ore, producing 6 tons 5 cwts. of fine coiijier,

valued at £562, 13s. ; and at Great Laxey 7567 tons of zinc wcro
raised, giving 3480 tons of the metal, valued at £28,701. The fol-

lowing table gives the produce of the lead-mines in 1881.

Mine.
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Irish elk ; and tlic red deer, as is proved by the references to it in

old laws, uud lUo representations of it on linnic monuments, was

fttCTe lime common, altliongh the species lind almost disappeared

about tlic beginning of tlie 18tli century. Hares are less plentiful

than formerly, and rabbits are not numerous except on the Calf Islet.

Snipe are abundant There are a few partridges, grouse, and quail,

but neither pheasants nor black game. Various species of water-

fowl visit the island, including wild geese, wild ducks, plover,

widgeon, and teal. The Manx puffin (ProceVaria anglorum) is

becoming scarce, but still frequents the Cnlf Islet. The peregrine

falcon breeds in the precipitous rocks in the neighbourhood of the

Calf Islet, and at Maughold Head. The i-ed-le"ged crow is common,
the kingfislier scarce. The cuckoo is a yearly visitant, as is also

the lapwing. AVild pigeons and seabirds of great variety frequent

the rocks.

A variety of the domestic cat, remarkable for the absence or

stunted condition of the tail, is common in the island.

Manufaclitres and T/nrfs. —Partly perhaps on account of the

absence of coal, the manufactures of the island have not attained

any importance, the principal being Manx cloth, canvas, nets,

ropes, and twine. There is, however, a large export of all kinds of

agricultural produce, horses, cattle, and sheep, as well as of lead,

lime, and black marble. Much of the trade is still carried on by
means of small coasting vessels, but these are being gradually super-

seded by steamers which ply between Douglas and Liverpool,

Bairow, Fleetwood, SiUoth, Dublin, Belfast, Whitehaven, and
Glasgow. The im|iort3 consist principally of provisions from
England, timber from Norway, and lean cattle from Ireland. In

18S1 the number of vessels engaged in the foreign and colonial

trade that entered the ports of the island was 26 of 4885 tons, while

14 of 2916 tons cleared. The number engaged in the coasting trade

was—entered, 2288 of 440,153 tons ; cleared, 2328 of 436,107 tons.

There is daily communication between Douglas and Liverpool.

There are very valuable fishing grounds, especially for " rring

end cod, round the southern half of the island from Peel to Douglas,

and mackerel fishing is also largely prosecuted by the islanders off

the coast of Ireland. The Manx fishing boats, decked and undecked,

number upwards of seven hundred, employing more than four

thousand men. Peel and Port St Mary alone have about three

hundred and fifty-seven boats, manned by two thousand five

hundred men, the capital invested in boats and nets being for these

ports alone about £100,000.

The prosperity of the island, apart from its fishing and agpculture,

is mainly depeudent on its yearly influ.x of summer visitors, the

annual number being now about 120,000. The season lasts from
the middle of May to the middle of September.

Internal Communication.—The roads, which of late years have
been greatly improved and extended, are excellent. They are main-
tained by a system of licences on innkeepers, grocers, and hawkers,

and by an impost on carriages, carts, and dogs, and a rate on real

property. The highways are under the management of a board

appointed by the TynwaJd court, a surveyor-general, and parochial

surveyors »

The first railway in the Isle of Man was that between Douglas
and Peel, opened in 1873. There is now communication by rail

between the various towns of the island, and a proposal has also

been made for a direct line between Douglas and Ramsey via Laxey.

The insular government has assisted one of the railway companies

by a guarantee. The railways are single narrow-gauge lines, and
are worked on tTie baton system.

Oovemment and Administration.—The government of the island

is vested in a governor appointed by the crown, a council which
acts as an upper chamber of the legislature, and the House of Keys.

The governor and council and the House of Keys together constitute

the court of Tynwaid ; but the approval of the queen of Great

Britain in council is essential to every legislative enactment. Acts
of the British legislature do not affect the island except it be

specially named in them.- For the purposes of civil jurisdiction

the island is divided into a northern and a southern district, and
each of these is again subdivided into three "sheadings," which
are analogous to counties.

The governor, who is tht representative of the sovereign, is

captain-general of the military forces. He presides in the council

and in all courts of Tynwaid, and is ex officio sole judge of the

chancery and exchequer courts. The council consists of the lord

bishop of the diocese, the attorney-general, the two deemsters, the

clerk of the rolls, the water-bailiff, the receiver-general, the arch-

deacon, and the vicar-general, all of whom are appointed by the

crown, except the vicar-general, who is appointed by the bishop.

No act of the governor and council is valid unless it is the act of

the governor and at least two members of the council. The House
of Keys, the representative branch of the legislature of the island,

is one of the most ancient legislative assemblies in the world. It

consists of twenty-four merabera elected by male owners or occupiers,

and female owners of property. Each of the six sheadings elects

three members, the towns of Castletown, Peel, and Ramsey one

ea'h, and Douglas, the chief town, three. There is a property quali-

fication required of the members, and the house sits Tor stven year*
unless previously dissolved. The Keys were at one time self-elected,

but in 1866 they consented to popular election in exchange for the
privilege of controlling the expenditure of the surplus revenue of
the island, agreeing, however, to pay into theimpcrial exchequer
a fixed sum of £10,000 annually as the island's contribution to-

wards the expenses of the army and navy of the United Kingdom.
In matters of property the court of chancery has the most exten-

sive jurisdiction of any in the island, and is a court both of law
and of equity. The governor presides, and is assisted by the clerk

of the rolls and the deemsters. The exchequer court takes cogniz-
ance of all matters connected with the revenue, and also determines
the right of tithe. The common law courts for the southern
division are held at Douglas and Castletown alternately, and those
for the northern division at Ramsey, once in three months. They
are presided over by the deemsters, and take cognizance of all

actions, real, personal, and mixed, and of civil matters that require

to be determined by a jury. Courts of general jail delivery aie

held at Castletown, for the trial of prisoners indicted for criminal

offences ; the governor presides, attended by the deemsters, the
clerk of the rolls, and the water-bailiff.

The deemsters or judges of the island (supposed by some to be
the successors of the Druidical priests) until the 15th century acted

according to unwritten laws, called " breast laws," of which they

Were the depositaries. They have concurrent jurisdiction over .the

whole island. Their advice is taken by the governor on all difficult

points of law. Each has now a salary of £1000 per anuuni.

Deemster courts are held weekly, alternately at Douglas and

j
Castletown by the deemster for the southern division, and at

Ramsey and Peel or Kirk Michael by the deemster of the northern

division. They take cognizance in a summary manner of matter*

of debt, and have jurisdiction in criminal cases. The herring

fishery, and the boats employed in it, are placed under the charge

of the water-bailiff, who holds courts to redress grievances and
enforce the regulations of the fishery. He appoints with a small

salary two fishermen, called admirals, to preserve order. The
water-bailiff has also civil jurisdiction in questions of salvage, and
takes cognizance of suits in maritime matters. The high bailifi"^

courts are held weekly in Douglas, Castletown, Ramsey, and Peel

for the recovery of debts under 40s., and daily for the punishment
of drunkenness and offences against public order. The magistrates

hold regular courts in each of the towns for the summary tiial of

breaches of the peace and minor offences. They are appointed by
commission under the great seal of England, but their jjowers are

regulated by insular acts of Tynwaid. The members of the council

and the four high bailiffs are also ex officio magistrates. The
coroner of the sheading, who is appointed annually by the governor,

is a kind of sherilf. Inquests of death are held by the high baililt

and jury. There are about thirty legal practitioners, called advocates,

who combine the functions of barrister and solicitor.

The laws of the island still retain much of their ancient peculi-

arity of character, though modified by acts of Tynwaid, and
rendered in some respects more in unison with those of England.

The criminal law was consolidated and amended by the criminal

code of 1872. /

The general tenure is a customary freehold devolving from each

possessor to his next heir-at-kw. The descent of land follows the

same rules as the descent of the crown of England. The right of

primogeniture extends to females in default of males in the direct

line. The interest of a widow or widower, being the first wife or
husband of a person deceased, in a life estate is one-half of tho lands

which have descended hereditarily, and is forfeited by a second
marriage ; a second husband or second wife is only entitled tn a lite

interest in one-fourth, if there be issue of the first marriage. Of the

land purchased by the husband the wife surviving him is entitled to a
life interest in one moiety. By a statute of the year 1 777 proj-vietors

of land are empowered to grant leases for any term not exceeding

twenty-one years in possession without the consent of the wife.

Previous to the Act of Revestment in 1765, the commerc.i of thu

island consisted principally in the importing and exporting o(

contraband goods, the average return of which exceeded half u
million sterling per annum, the loss to the British revenve beintr

estimated at £300,000. After this period the cnstoms of the island

were regulated by the imperial parliament. The various loans to

the insular government were consolidated in 1882, and th°, funded

debt now amounts to £230,000.

For the year ending March 31, 1882, the net revenue of tlw

customs of the island was £70,906, and the expenditure €50,558,

leavirg a balance of £20,348, which is disposed of thus :—
One-nlnlh part of the qnarter's revenue to 3l8t March 1882 i.'l,091

Due exchequer .•. £10,000

Less abatement on account of loss oa importation of

goods 2.000
8,010

2.'8

MS
Expended by War Department, 1881-SJ

Do. Board of Works, 1881-82

Unappropriated surplnsdae Isle of Man 10,133

£20,84»
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Tiiiiijm OTul Ediicaticni.—Clirlstianity ie said to liave been

IntroJuyed into the island by St Patrick about the middle of the

Mb century. The bishopric of Sodor (i.e., Sudreys, the southern

Hebrides) was formerly united with that of Man ; and the union

continued till the 14th century, the Manx bishops even now retain-

iug the joint title Sodor and Man. Some indeed affirm, but with

small evidence to support the statement, that the title of Sodor was

derived from the little island off Peel, said to have been at one time

called Sodor, now known as St Patrick's Isle, and the seat of the

cathedral of St German. The diocese is in the province of York
;

its bishop has a seat but not a vote in the House of Lords. The
bishop is assisted in ecclesiastical matters by an archdeacon, a

vicar-general, a registrar, and a sumner-general.

The ecclesiastical courts are the consistory, chapter, and the

vicar-general's summary court. The livings of the clergy arise

chiefly from tithes ; the patronage, from the bishopric downwards,

with the exception of four in the gift of the diocesan, is vested in

the crown.

Besides King "William's College, opened in 1833, providing an

education equal to that obtainable at the highest class schools of

England, and possessing a considerable number of exhibitions to

the universities, there are in the island several other good secondary

schools. The parochial schools are also well taught, and there are

Tiow board schools, under the insular Education Act, established

throughout the island.

Popu?a/ion. -The following table shows the population of each

parish and town from 1726 to 1881.

Sheadings, Parishes, and
Towns.

Miilew, (P.)
Castletown, (T.).

Arbory, (P.)

Bashm. (P.)

Santon,(P.)
Draddan, (P.)

Douglas, (T.)

Onchon, (P.)
Marown, (P.). . .

Germain, (P.)

Peel, (T.)

Patrick, (P.)
Lonan, (P.)
Maughold, (P.).
Ramsey, (T),

F.ezayre, (P.)
Bride. (P.) ,

. Andreas, (P.)... .

( Jurby, (P.)..

.S ! BnllauKh, (P )

2 j Michael, (P.).

Population.

1726. 1767.

690
785
eei
813
376
780
810
370
499
610
475
745
647
629
460

1,309
C12
967

483
80S
643

1,466
915

1,785

1,007
607

1,121

1,814
434
658
925
805
954
869
759
882

1,481
629

1,057

467

1321.

2,649
2,036
1,455
2,668
800

1,754
6,054

1,457
1,201

1,849
1,909

2,031

1,846
1,614
1,523
2,209
1,001

2,229

1,108
1,467
1,427

14,070 |»0,:«4 40,087 62,116 53,763

1851. 1871

3,232
2,501

1,693

3,262
714

2,407

9,653

3,478
1,363

2,168
S,S29

2,923
2,605
1,764
2,660
2,455
1,053

2,165

983
1,392
1,416

2,466

2,318
1,350

3,665
628

2.215

13,846

1,620

1,121

1,762

3,496
2,888

3,741

1,433

3,861

1,620
880

1,757

"788

1,077

1,231

1881.

2,595

2,274
1,272

3,509
688

2,071

15,725

1,500

983
1,692

3,822

2,625

3,275

1,147

4,214
1,478
759

1,477

659
971

1,102

63,738

In 1880 the death-rate was 21 '9 per 1000, and the birth-rate
28 6.

The principal towns of the island are Douglas, Castletown,
Ramsey, and Peel. Douglas, the chief town aud seat of government,
is noticed in vol. vii p. 376. Castletown, the ancient capital of
the island, was until a recent period the residence of the governor.
It possesses a good harbour, barracks, and a custom-house. Ramsey,
on account of its line sandy beach and beautiful situation, is a
favourite watering-place, and it has also a large shipping trade.
Peel, adjoiningSt Patrick's Islet, is the principal scat of the herring
fishery.

Lanpuige.—The Manx language is a subdialect of the ancient
Celtic, and a dialect of the Irish branch, to wliich the Scottish
Gaelic also belongs. The difTerences in pronunciation of these
languages are not so great as to prevent a native of either country
conversing with one of the other, although the differences in ortho-
graphy perplex even the most learned linguists. The Manx is now
spoken only in the north-western parishes and at a few localities
along the western coast. The natives generally converse in the
English language. Manx is not taught in any of the schools, and
it is very probable that it will shortly bccomo utterly extinct. See
Celtic Literatore, vol. v. p. 293.
BUtory and AntiquUies.— It admits of nearly absolute demon-

stration that Anglesey and not Man was the Mona of Cscsar. By
ancient writers the island is called Eubonia. The English namo
Man 13 derived from the Manx ttanniii. Many explanations have
lieen given of the origin of the word, but none of them are better
than conjectures.' It is inherently probable that the island was
occupied by the Romans, and this is con6rmed by the discovery of
'. Roman altar, which is still preserved in Castle Rushen, ana of
Koman toins in the same vicinity. A cist and urn found in 1852
near Tynwald Hill are supposed to belong to the aboriginal pagan

»S«e")£tn, Its Names and their Origin," bv J. M. Jcffcott, In i/anr SofiW*
PtlHicalioiu, 1S<L

period ; nnother memorial of this period is probably St Patrick's

chair, consisting of live upright stones on a stone platform forming

a seat. Two of the stones are marked by a cross, but this in all

likelihood was done at a period long subsequent to their erection.

According to tradition the island was for a considerable period one

of the chief seats of the Druids. By the peasantry nearly all the

old monuments are attributed to the Drukls, but the Runic crosses

belong of course to a later period. One of the principal Druidical

stone circles is that on the eminence called Mull, near the Calf

Islet.

The earliest personage mentioned by tradition and history is

Mannanan-Beg-Mac-y-Lheirr, who is described in the statute-book

of the island as a paynim, who " kept the land under mist by his

necromancy." In 517 Mael^wyn, king of North Wales, and
nephew of King Arthur, expelled the Scots, and annexed the island

to his Welsh dominions. He was succeeded by hia son Rhun-ap-
Maelgwj'n in 560, from whorU in 581 the island was reconquered

by Aydun M'Gabhran, kin" of Scotland, who appointed his sister's

son Brennus "thane of l5in." The Welsh king appears to have
recovered it from the Scots about 611, and to have retained posses-

sion of it until 630, when it was conquered by Edwin, king of North-

umbria. Shortly afterwards it again fell under the dominion of the

Welsh, till towards the close of the 9th century it was -subdxied by
Harold Haarfager of Norway. The jarls of Harold for some tim«

threw off his rule, and held independent sway. Of these -Jarl Orry
succeeded in establishing his rule over Man. His descendants

continued to rule till 1077, when Godred Crovan, son of Harold the

Black of Iceland, routed the islanders and slewtheir king, Fingal

II. On the death of Godred in 1093, Magnus Barefoot succeeded

in obtaining possession of Man, over which he placed the Norwe-
gian jarl Octtar as governor. The inhabitants of the southern

district, becoming displeased with Octtar, elected Macmanus in

his place ; a battle in consequence ensued at Santwart (or Sainthill),

in the parish of Jurby, aud victory was inclining to the party of

Macmanus, when the women of the north, rushing to the scene of

action, totally changed the issue of the fight, although nftt till both

leaders were slain. On the death of Magnus, the right of Godred
Crovan's line to the kingdom of the Isles was recoguiaed, and
Lagman, the son of that conqueror, succeeded to the government.

He at length abdicated, and undertook a pilgrimage to Palestine,

whence he never returned. O'ave II., sumamed the Dwarf, the

only surviving son of Godred Crovan, being then a minor, a regent

was appointed, who was expelled from the kingdom in the third

year of his government. 01a#e ascended the throne in 1114. He
entered into alliance with the kings of England, Ireland, and
Scotland, but his reign was disturbed by the pretensions of three

natural sons of his brother Harold, by one of whom he was
treacherously slain-in 1154. On this Godred the Black, Olave's

only legitimate son, was recalled from Norway, and the sons of

Harold were delivered to condign punishment. During his reign

Somerled, thane of Argyll, obtained possession of the island, and
Godred had to take refuge in Norway, where he remained till the

death of the usurper, on which he regained possession .of his

throne. His death took place in 1187. Clave III., his only
legitimate son, being then a minor, Reginald, another son, was
appointed to the government during his minority. The latter

endeavoured to secure to himself the throne by doing homage to

John of England, and afterwards by acknowledging the supremacy
of the pope ; a series of struggles was the consequence, till at length

Reginald was slain in 1226. In 1237 Olave died in Peel Castle,

leaving three sons,—Harold, Reginald, and Magnus ; he was suc-

ceeded by his son Harold II., who was drowned, with his queen
and a numerous retinue of nobility, in 1248, on their return from
Norway, where they had been celebrating his marriage with Cecilia,

daughter of Haco. His brother Reginald II. assumed the govern-

ment, but was afterwards slain by Ivar, brother of Reginald tha

usurper, in 1249. On the death of Reginald II. his brother

Magnus was chosen king. John of the Isles landed OTth an
army at Ronaldsway to dispute his claims, but was driven from the

island.

From this time the power of the Norwegian kings began to de-

cline, and that of the Scottish sovereigns to revive. Magnus did

homage to Alexander III. of Scotland, and held the island from

the crown of Scotland. He died in 1265, without issue. In the

meantime Magnus YI. of Norway, as the legitimate sovereign of

Man, ceded in 1266 to Alexander III. all his claims and interest

in the sovereignty and episcopacy of Man for the sum of 4000
marks, and an annual pension of 100 marks. The widow of

Magnus (tho late king of Man) succeeded, however, in getting

Ivar, the assassin of her brother-in-law Reginald, placed on the

vacant throne ; and Alexander in 1270 sent an army to reduce

tho island to obedience. After a decisive battle at Ronaldsway, in

which Ivar was slain, the kingdom was annexed to the dominions
of Alexander. This monarch, in token of his conquest, substituted

the quaint device of "the three legs," which still constitutes the
national emblem, for the ancient armorial ensign of the is and

—

a ship in full sail, with the motto, "Sex ifannm ti Insularum."
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Ho placed the island under tlie government of his nobles or

thanes, whoso repeated acts of tyrannical oppression at length

inspired the iubatit^mts to throw olf the Scottisli yoke. Bisliop

Mark (Marcus Galvadiensis), a Scotchman, however, bein;; iii-

tbnned of their determination, obtained their mutual consent to

decide the contest by thirty champions selected from each party.

The Manx champions were til killed, and twenty-five of the Scot-

tish warriors shared the same fate. This victory coufimied the

conquest of the Scots ; the ancient regal gOYernmeut was abolished,

and a military despotism established

The most important relics of the Northmen are the Punic crosses,

of which there are about forty, either whole or fragmentary. Nearly

one half of tl;£se contain Scandinavian inscriptions in the ancient

Norse language and in Runic character. There are a very large

number at Kirk Michael, but some of the most perfect are those in

the churchyards of BaUaugh, Maughold, and Braddan.

During the contentioos of Bruce and Baliol, Edward I. of Eng-

land took possession of tlie island for a period, while two rival

claimants for the throne appeared. One of these was Mary, the

daughter of Reginald II.; the other her aunt Alfrica or Alfrida, a

daughter of Olave II., and sister of Magnus. The latter in 1305

conveyed her right in the island to her husband, Sir Simon de

Montacute, whoso son Sir William afterwards mortgaged its

revenues to Anthony Beck, bishop of Durham and patriarch of

Jerusalem. In 1313 Bruce made a descent on the island, and

granted it to his nephew Randolph, earl of Murray.

^ In the reign of Edward III. ilary Waldebeof, daughter of the

previous claimant, solicited the assistance of that monarch. The
king allowed her title, and by giving her in marriage to William

Wontacute, earl of Salisbury (the grandson of Sir Simon Montacute

and Alfrida), thus united in their persons the rights of the two

lines of descendants of Olave the Black to the kingdom of Man.

iWith the aid of the English king, the earl was enabled to expel the

Randolphs from the island ; and in the year 134-t he was crowned

king of Man. In the year 1393 the earl of Salisbury sold to Sir

.William le Scroop, afterwards earl of Wiltshire, "the Isle of Man,

with the title of king, and the right of being crowned with a

golden crown." On his attainder for high treason, the island in

1399 was bestowed on Henry Percy, earl of Northumberland, but,

lie having .been attainted and banished, Henry IV. made a grant of

it to Sir John Stanley for life. This grant was cancelled, and a

new patent passed the Great Seal in 1406, bestowing the island on

him and his heirs, to be held of the crown of Great Britain, by

presenting to the king a cast of falcons at his coronation. Sir John

died in 1414
. The lords of the house of Stanley governed the islana chiefly by

Beutenants, who occupied the castles of Peel and Rushen. Various

tnmults arose ; and in 1422 fourteen per.TOns were drawn by wild

horses, quartered, and beheaded. Eventually authority was dele-

gated by Sir John Stanley the second to Henry Byron, who
remodelled the House of Keys, and rendered his regency one of the

most popular in the insular history. Sir John died in 1432, and

was succeeded by his son Thomas, who was created Baron Stanley

by Henry VI., and died in 1460. Thomas his son was created earl

of Derby by Henry VII. He died in 1605. This nobleman[s son

Thomas, the second earl of Derby, relinquished the title of king of

Man, as he preferred "being a great lord to being a petty king."

Edward, the third earl, son of the last-named Thomas, was a great

favourite -with Henry VIII. On his death in 1572 he was succeeded

by his son Henry, the fourth earl of Derby. He died in 1594, leaving

two sons, Ferdinand and William, who in time became lords of

Man. The title of William was disputed by the three daughters

of Ferdinand ; with these, however, he effected a compromise ; and

in 1610 he obtained an "act for assuring and establishing the Isle

of Man in the name and bloo'd of William, earl of Derby," but in

1627 resigned his dignities to his son James, celebrated in history

as "the great earl of Derby."
After the execution of this earl in 1651, for bringing aid to

Charles II. before the battle of Worcester, the defence of the island

was undertaken by the heroic Lady Derby, who was then in Castle

F.ushen ; but William Christian, the receiver-general, on the appear-

ance of a hostile fleet, surrendered .the castle without resistance.

The island was then granted to General Lord Fairfax, who held it

nntil the Restoration, when it was restored to Charles, the eighth earl

(the son of Earl James), in 1660. On the death of Earl Charles in

1672 he was succeeded by his son William, the ninth earl, who
took but little interest in his Manx property, and, dying without

issue in 1702, was succeeded by his brother James (a younger son

of Charles, the eighth earl). At this time the lordship of Man was

approaching dissolution. The leases, which had been granted

for three lives, having nearly expired, and no provision having

been made relative to their renewal, the neglect of agricultiire

became general, and the peopli were wholly given up to the fisheries

and tie pursuit of the contraband trade. In 1703, however, the

earl conferred on his Manx subjects the Act of Settlement (very

jnstly called the Manx Magna Charta), by -which the lessees of

•states were finally established in their possession, and their descent

secured m perpetuity, on the payment of certain fines, rents, and
dues to the lords. James died in 1736 without issue.

The lordship of Man then devolved on James, second, duke ol

Athole, a descendant of the Lady Amelia Anna Sophia Stanley
(youngest daughter of the seventh earl of Derby). In 1725, in

order to put an end to the contraband trade of the island, an Act
of Parliament was passed authorizing the purchase of all the
royalties and revenues of the island; but no result followed till 1765,
when proposals for the purchase were revived and the sovereignty
and its revenues were surrendered to the crown for £70,000. The
duke and duchess reserved the manorial rights, the patronage of

the sea, and other emoluments and perquisites. By the Act ot

Rovestmeut the island was more closely united to the crown ot

England, although its independent form of government has never
e.\perienced any material change. An annuity of £2000 had also

been granted to the duke and duchess, but, on the ground of

inadequate compensation, the fourth duke presented petitions to

parliament and the privy council in 1781 and 1790. He did not
succeed, however, until the year 1805, when an Act was passed
assigning to him and his heirs, as an additional grant, a sum equal

to one-fourth of the revenues of the island, wlucli was afterwards

commuted for £3000 per annum for ever.

In 1825 an Act passed both houses of parliament, at the instance

of the lords of the treasury, authorizing the lords of the treasuiy

to treat with the duke for the purchase of his remaining interest

in the island, and in 1829 he was awarded a further sum of £417,144
for his rights in and over the soil as lord of the manor, as

follows :

—

For the Mmnity £1SO,000

Rents and alienation fines „ S4,0«0

Tithes, mines, and quanles. )
Patronajje ot the bishopi-ic, with fouitecn advowsons, the V 333,144

uggiegate value,of wlilch vaa £6000 )

Total £417,144

The ecclesiastical buildings of Man have never been remarkable

for architectural beauty. The most important ecclesiastical ruin

is St German's cathedral on St Patrick's Ible. The present building,

which is roofless and in a very dilapidated condition, dates from

1245, but is supposed to occupy the site of au older building. It is

a rude cruciform structure 110 feet long by 70 feet broad. The
tower, 68 feet in height, is still entire. The crypt of the cathedral

was made use of for an ecclesiastical prison, among its more import-

ant captives being Eleanor, wife of Humphrey, duke of Gloucester,

uncle of Henry VI. She is alluded to by Shakespeare as living in

banishment "with Sir John Stanley in the Isle ofMan." St Patrick's

church on the same islet is supposed to have been erected in the

time of St^'atrick. Adjoining it is a round tower similar to those

so common in Ireland. Most of the other old churches in Man
have been replaced by modern structures, but another very ancient

one is Lonan old church, now- partly roofless, a very unpretending

structure, but said to date from the 6th century. St Trinian's

church, also in ruins, is said never to have been roofed, a circum-

stance accounted for by an interesting legend. Of Rushen Abbey, a

house of the Cistercians, founded by Olave, king of Man, in 1134,

there now only remain the tower, refectory, and dormitory. The

Franciscan friary of Bimakin, founded in 1373, has been partly re-

built in a rude manner, and is used as a barn. Of the nunnery of

Douglas, said to have been founded by Matilda, daughter of Ethel-

bert, king of the. West Saxons, there are now very slight remains,

chiefly of the chapel.

The principal castles are Castle Rushen, in Castletown, the

ancient residence of the kings of Man, dating probably from the

13th century, and still quite entire ; Peel Castle, the ancient strong-

hold of the island ; and Castle Mona, Douglas, erected in 1801 as a

residence by the duke of Athole, and now used as a hotel.

The chief sources of the early history of Man are the Norse and Erse Sagas,

and the record kept by t^e monlta of Bnshen Abbey entitled CltronicM Mannix,
which has been edited with learned notes by P. A. Mmicli, Chnsllanla, 1860.

The best general lilstory Is that of Train, 2 vols., 164.5. Among olherworks may
be mentioned J. O. Cummlng, hie of Man, its history, physical, eccltsiastiral,

civil, and legendary, 1S4S ; Id., Runic and oilier Remains of Ute Isle ofHan. 1857 ;

J. O. Halliwell, Roundabout Sotes on the Isle of Man, 1863. The pohUcaCions of

the Mans Society aie of great value and interest.

MANACOR, a town in the island of Jfajorca, stands on

a slight eminence in a fertile plain, 3C miles east ot Palma

(40 miles by rail, by way of Inca). It is substantially

built, with wide streets and several squares; it has the

usual buildings (a parish church, a hospital, schools, and

the like), and the former palace of the independent kings

of Majorca is pointed out. The neighbourhood produces

cereals, fruits, an inferior quality of wine, and some oil

;

and there is some trade in these, as well as in sheep and

cattle. The population in 1877 was 14,894.

MANAGUA, the capital of Nicaragua, Centrd America,

lies on the south shore of Lake Managua iu 12° 7' N. Itrv
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nnd 86° 12' W. long. Steamboat comraunicatiou with

Old Leon was opened ip 1881, and a railway (32 miles)

is in course of construction to Granada. It was mainly

owing to the rivalry between Leon"" and Granada that

Managua was chosen as the seat of the national assembly,

and apart from the administrative buildings there is little

of interest in the [>lace. The population is about 12,000.

iLANAKIN, from the Dutch word Manneken, applied

*.o certain small birds, a name apparently introduced into

English by Edwards {Nat. Ilist. Birds, L p. 21) in or about

1743, since which time it has been accepted generally, and

is now used for those which form the Family Pip-idx of

modern ornithologists. The Manakins are peculiar to the

Neotropical Region, and are said to have many of the

liabits of the Titmouse Family (Paridas), living, says

Swainson, in deep forests, associating in small bands, and
keeping continually in motion, but feeding almost wholly

on the large soft berries of the different kinds of Alelastoma.

However, as with most other South American Passerine

birds, little is really Itnown of their mode of life ; and it is

certain that the Pipridx have no close affinity with the

Paridx^ but belong to the other great division of the

Order Passeres, to which Garrod assigned the name
Mesomyodi, and in that division, according to the same
authority, constitute, with tho Cotingidee,'^ the group
Heteromeri (Proc. Zool, Society, 1876, p. 518). The
Manakins are nearly all birds of gay appearance, generally

exhibiting rich tints of blue, crimson, scarlet, orange, or

yellow in combination with chestnut, deep black, black

and white, or olive green ; and among their most obvious

characteristics are their short bill and feeble feet, of which
the outer toe is united to the middle toe for a good part

of its length. The tail, in most species very short, has in

others the middle feathers much elongated, and in one tlie

outer rectrices are attenuated and produced into threads.

They have been divided by various authors into upwards
of twenty so-called genera ; but Messrs Sclater and Salvin

CNomenctator, pp. 53-55) recognize only fifteen, though
admitting sixty species, of which fifteen belong to the

genus Pipra as now restricted, the P. leiicocilla of Linna?us

being its type. This species has a wide distribution from
the isthmus of Panama to Guiana and the valley of the

Amazon ; but it is one of the most plainly coloured of the

Family, being black with a white head. The genus
Machxropierus, consisting of four species, is very remark-
able for the extraordinary form of some of the secondary
wing-feathers in the mates, in which the shaft is thickened
and the webs changed in shape, as described and illustrated

by Mr Sclater {Proc. Zool. Society, 1860, p. 90; Ibis,

1862, p. 175 2) in tho case of the beautiful M. deliciosiis,

and it has been observed that the wing-bones of these birds

are also much thickened, no doubt in correlation with this

abnormal structure. A like deviation from the ordinary
character is found in the allied genus Manacns or
Chiromacliseris, comprehending six species, and that gentle-

man believes it enables them to make the singular noise

for which they have long been noted (see Birds, vol. iii.

p. 770), described by Mr Salvin {Ibis, 1860, p. 37) in

the case of one of them, If. candxi, as beginning "with a
sharp note not unlike tho crack of a whip," which is

" followed by a rattling sound not unlike tho call of a
] mdrail "

; and it ia a similar habit that has obtained for

another species, M. edwardsi, tho name in Cayenne, accord-

f Tliougli Eiiwarrts callej the upecics hcfiguivU (h( fHyji-n) aTitnioucc,
ko properly remnrkcd that there was no genus of European binla to
yrliich he couUl liken it.

'' E.vcluiling, IioMcver, tlio genns liiipicola—ihe IwauUrul oranje-
coloureci birds well known as the "Cocks of tlio Rock"—which lias

us\ially been placed among the Cotinnulx.
' The figures arc repeated by JIr"Dar\vin (Descent of Man, kc,

li. p. 60).

ing to EufTon {Hist. Kat. Oiscmix, iv. p. 413), of Casse-

noisette. This view is supported by Mr Layard, who,

writing of the last species,- says {Ibis, 1873, p. 384)

—

" They make a curious rattling noise (I suspect, by some
niovemeut of the oddly shaped wing-feathers), which con-

stantly betrays their presence in the forests," while of the

congeneric J/, (/iitturosvs, Mr J. F. Hamilton remarks
{Ibis, 1871,1). 3U5)—"The first intimation given of the

presence of one of these birds is a sharp whirring sound
vefy like that of a child's small wooden rattle, followed by
two or three sharp snaps." The same observer adds {loc.

cit.) of a member of the kindred genus Chiroxiphia, contain-

ing five species, that C. caudata is known to the Brazilians

as the Fandango-bird from its "habit of performing a

dance." They say that "one perches upon a branch and
the others arrange themselves in a circle round it, dancing
'p and down on their perches to the music sung [!] by the

centre one." Exception must be taken to this story so

far as regards the mode in which the "music" is pro-

duced, for these birds have no true song-muscles ; but

the eflFect is doubtless as described by Mr Hamilton's
informant (a. n.)

JIANANTADI, or Man-^ntoddy, a town in Malabar
district, Jladras, the trading centre of the Wainid cotfee

district (11° 48' N. lat., 76° 2' 55" E. long.). The popula-

tion in 1871, including numerous European coffee planters,

with their families, in the neighbourhood, was 10,959.

Besides several Government offices, it contains a good club.

Early in the century it was a military outpost, and in

1802 the garrison was massacred by the Kotiote rebels.

MANASSEH. The tribe of .Joseph {q.v.), the northern

and stronger half of the " sons of Rachel," was divided into

two branches, so considerable as themselves to bear the

name of tribes, which referred their origin to Manasseh and
Ephraim, the two sons of Joseph by his Egyptian wife

Asenath. Of the two Manasseh was held to be the elder,

but the patriarchal story relates how Jacob predicted the

superiority of the younger branch (Gen. xlviii.), which in

fact played far the greater part in history, occupying in the

early days of the settlement in Canaan the part of tho

central mountain land (Mount Ephraim) where the head-

quarters of armed Israel and the sanctuary of the ark stood

(at Shiloh), and in later times holding the kingship, end
greatly excelling Manasseh in numerical strength (Dent,

xxxiii. 17). During the conquest, perhaps, the separation

of the two branches of Joseph was not so well marked as

it afterwards became, for the ancient narrative of Josh,

xvii. 14 stp represents the whole house of Joseph as acting

together, establishing itself in the uncleared forests of the

central mountains till it had strength to contend with the

iron chariots of the Canaanites about Bethshean, and in

the cities of the rich plain of Jezreel. These cities probably

were not all subdued till the days bf David or Solomon
(.lud. i. 27 ; 1 Sam. xxxi. 10; 1 Kings ix. 15); theyulti-

mately fell to Manasseh, which held the northern part of

the hill country of Joseph, overlooking the plain, and finally

encroached on lands once reckoned to the less warlike

tribes of Asher and Issachar (Josh. xvii. 11). But the

line of division between Ephraim and Jlanasseh was no(

always the same, and in the time of Gideon, the great

hero of Manasseh, and the man under whom the seniority

of the tribe had a real meaning, Shechem itself was i

Manassite dependency (Jud. viii. 31, ix. ; comp. Num
xxvi. 31 ; Josh. xvii. 2). Besides their western settlements

in tho fertile glades of northern Samaria, running out infc

the great plain, the Manassites had broad territories east ol

the Jordan in tho pasture land of Bashan and Gilead, mainly
occupiad by a clan named Machir, and reckoned as th?

first-born of Manasseh. On the probability that these

territories were colonies from the west see vol. xiii. p. 401.
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TLo outlying JIanassites had many struggles with their

foreign neighbours ; 1 Chrorf. ii. 23 speaks of the loss of

sixty cities to Oeshur and the Aramicans (A. V. mistrans-

lates). After suffeiinr; much at the hands of Damascus,

they were carried into captivity by Tiglath Pilesor (734

B.C.). The captivity of their brethren in the west followed

some thirteen years later.

The name Jlnnassi'h (n?;';p, lie who causes to forget) is refciTcd

in Gon. xlL Bl to Joseph's joy at the birth of the son who caused

iiim to forget his sorrows anJ cense to long for his liome. Unlike

tho other tribal names, it occurs as a personal name before the

captivity, being that borne by tho sou and successor of Hczekiah,

tho godless king whoso sins are designated as the decisive cause of

tho rejection of the kingdom of Judah.

MANATEE, an animal belonging to tho order

SiivHta, for the general charactL-rs and position of which

seo Mammalia (p. 3S9). The namo Manati was appar-

ently first applied to it by the early Spani.sh colonists

of the West Indies, in allusion to the hand like use which

it frequently makes of its fore limbs; by English writers

from the time of Dampier (who gives a good account

of its habits) downwards it lias been generally spelt

"Manatee." It was placed by Linnaeus in his hetero-

geneous genus Trkhechi's, but Storr's name Manatus is

now generally accepted for it by zoologists. The question

of the specific distinction of the African and American

Manatees will be treated of further on, but it will bo

chiefly to the latter and bettor known form that the

following description applie."!.

The size of the JIanatee has been much exaggerated, as

there is no trustworthy evidence of its attaining a greater

length than 8 or perhaps 9 feet. Its general external

.^orm may be seen in the figure at p. 390 of the present

volume, taken from a living example in the Brighton

Aquarium. The body is somewhat fish-like, but depressed

and ending posteriorly in a broad fiat .shovel-like horizontal

tail, with rounded edges. The head is of moderate size,

oblong, with a blunt, truncated muzzle, and divided from

tho body by a very slight constriction or nock. The fore

limbs are flattened oval paddles, placed rather low on the

f.ldes of the body, and showing externally no signs of

division into fingers, but with a tolerably free motio* nt

A

Fig. 1.—Front View of Head of American ^uanatee, showing the eyes,

nostrils, and mouth. A, with the lobes ot the upper lip divaricated ;

B, with the lip contracted. From Murie, Trails. Zool. Soc, vol. xi.

the slioulder, elbow, and wrist joints, and witli three

diminutive flat nails near their extremities. No traces of

hind limbs are discernible either externally oi internally;

and there is no dorsal fin. The mouth is very peculiar,

the tumid npper lip being cleft in the middle line into two
lobes, each of which is separately movable, as will be

described in speaking of its manner of feeding. The
nostrils are two semilunar valve like slits, at the apex of

the muzzle. -The eyes are very minute, placed at the sides

of the heaci, and with a nearly circular aperture with

wrinkled margins. The external ear is a minute orifica

situated behind the eye, without n.iy trace of pinna. The
eUq geuerally b of a dark greyish colour, not smooth or

glistening, like that of the Celacea, but finely wrinkled.

At a little distance it appears naked, but a close inspection,

at all events in young animals, shows a scanty covering of

very delicate hairs, and both upper and under lips are

well supplied with short, stiff bristles.

The skeleton is remarkable for the massiveness and
extreme density of most of the bones of which it is com-
posed, especially the skull and ribs. The cervical region of

the vertebral column is short, and presents the great
peculiarity of containing only six bones instead of seven,

the number usual in the Mammalia,—the only other case

being that of one species of Sloth {CholtepHS hojfmanni).

Another great peculiarity (which, however, seems to be
characteristic of all tho Sirenia) is that the flat ends of the

bodies of the vertebrae do not ossify separately, so as to

form disk-like epiphyses in the young state. None of the

vertebroe are united together to form a sacrum, tho

rudimentary pelvic bones having no direct connexion with
the vertebral column. The number of rib-bearing vertebra)

appears to vary in different individuals from fifteen to

eighteen, and tliose of the lumbar and caudal region from
twenty-five to twenty-nine. .j;iie skull (fig. 2) is exceed-

Tia. 2.—Skull of African Manatee {Manaius senegcdensi's).

From Mus. Roy. Coll. Surgeons.

ingly different from that of any of the Whales or Dolphins

(order Celacea), with which the JIanatee was formerly

supposed to be allied. The cerebral cavity is rather small

as compared with the size of the animal, and 'of oblong

form ; its roof is formed of the parietal bones as in ordinary

mammals. The squamosal has an extremely large and
massive zygomatic process, which joins the largely de-

veloped malar bone in front. The orbit is small, but
prominent and nearly surrounded by bone. The anterior

nares taken together form a lozenge-shaped aperture, which
looks upwards and extends backwards considerably behind

the orbits. Their sides are formed by the ascending pro-

cesses of the premasillaj below, and by the supraorbital

processes of the frontals above, no traces of nasals being

found in most skulls, though these bones are occasionally

present in a most rudimentary condition, attached to tho

edges of the frontals, far away from the middle line, a

position quite unique among the mammalia. In front of

the narial apertui-e the face is prolonged into a narrow

rostrum, formed by the premaxiUs, supported below and

at the sides by the maxillae. The under surface of tliis is

very rugous, and in life covered by a horny plate. The
rami of the mandible are firmly united together at the

symphysis, which is compressed laterally, deflected, and
has a rugous upper surface ; to this another horny plato

is attached, which with that of the upper jaw function-

ally supplies the place- of teeth in the anterior part of

the mouth. In the young state there are rudimentary

teeth concealed beneath tliese horny plates, which never

penetrate through them, and must therefore bo ouite
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fuiictioiiless, and altogether disappear before the animal is

full-grown. There is besides, on each side of the hinder part

of both upper and lower jaws, a parallel row of molar
teeth, similar in characters from the beginning to the end
of the series, with square enamelled crowns raised into

tuberculated transverse ridges, something like those of the

Tapir and Kangaroo. The upper teeth have two ridges

and three roots ; the lower teeth have an additional

posterior small ridge or talon, and but two roots. These

teeth succeed each other from before backwards, as in the

froboscidea, those at the front of the uouth being worn
out and shed before those at the back are fully developed.

There are altogether about eleven on eacb side of each jaw,

but rarely more than six are present at one time. The
brain is remarkably simple in structure, its liemispheres

exhibiting none of the richness of convolution so character-

istic of the Cet'xcea. The stomach is compound, being

divided by a valvular constriction into two principal

cavities, the first of which is provided with a singular

glandular pouch near the cardiac end, and the second with a

pair of elongated, conical caecal sacs or diverticula, the use

of which is by no means obvious. The CKCum' is bifid.

The kidneys are simple. The heart is broad and fiat, with

the apex deeply cleft between the ventricles. The prin-

cipal blood-vessels form very extensive and complex rHia

mirabilia. The lungs are remarkably long and narrow, as

owing to the very oblique position of the diaphragm tLe

thoracic cavity extends very far back over the abdomen.
The mammary glands of the female are two in number,
situated just behind and to the inner side of the origin of the

pectoral limb. The red corpuscles of the blood are among
the largest of those of any members of the class, averaging

in diameter, according to Gulliver, ^vsu '^^ ^i^ inch.

Manatees pass the whole of their life in the water,

inhabiting bays, lagoons, estuaries, and large rivers, but
the open sea, so congenial to the Cetacea, ia quite unsuited

to their peculiar mode of life. As a general rule they

prefer shallow water, in which, when not feeding, they lie

near the bottom, supporting themselves on the extremity

of the tail, or slowly moving about by the assistance of the

fore limbs, the tips of which are just allowed to touch the

ground, and only raising the top of the head above the

surface for the purpose of breathing at intervals of two or

three minutes. In deeper Vi-ater they often float, with the

body much arched, the rounded back close to the surface,

and the head, limbs, and tail hanging downwards. The air

in the lungs obviously assists them to maintain this position,

acting in the same manner as that in the air-sac of fishes.

Their food consists exclusively of aquatic plants, on
which they browse beneath the water much as terrestrial

Ungulates do on the green pastures on shore. Thoy arc

extremely slow and inactive in their movements and
perfectly harmless and inoffensive, but aro subject to a

constant persecution from the inhabitants of the countries

in which they dwell fur the sake of their oil, skin, and flesh.

Frequent attempts have of hto been made to keep
specimens alive in captivity, and sometimes with con-

siderable success, one having lived in the Brighton

Aquarium for upwards of sixteen months. It was fed

chiefly on lettuce and endives, but would also eat leaves

of the dandelion, sow-thistlo, cabbage, turnip, and carrot.

From this and other captive specimens some interesting

observations upon the mode of life of the animal havo been
made. One of these is the free uso it makes' of its fore-

limbs. Fro.-n the shoulder-joint they can bo moved in all

directions, anc the elbow and wrist permit of free extension

and flexion, in Ceding they push the food towards their

mouths by means nf one of the hands, or both used

simultanco'isly, and a:.;' one who has seen these members,

thus employed can readily believe the stories of their

carrying their young about under their arms. Still more
interesting and quite unique among Mammals is the action

of the peculiar lateral pads formed by the divided upper
lip, thus described by Professor Garrod :

—" These pads
have the power of transversely approaching towards, and
receding from one another simultaneously (see fig. 1, A
and B). When the animal is on the point of seizing (say)

a leaf of lettuce, the pads are diverged transversely iu

such a 'way as to make a median gap of considerable

breadth. Directly the leaf is within grasp the lippads are

approximated, the leaf is firmly seized between their con-

tiguous bristly surfaces, and then drawn inwards by a

backward movement of the lower margin of the lip as a

whole." The animal is thus enabled by the unaided

means of the upper lip to introduce food placed before it

without the assistance of the comparatively insignificant

lower lip, the action greatly recalling to the observer that

of the mouth of the silkworm and other caterpillars in

which the mandibles diverge and converge laterally during
mastication. When out of water the Manatee is an ex-

tremely helpless animal; and, although statements are

frequently met with in books of its voluntarily leaving the

water for the purpose of basking or feeding on shore, all

trustworthy observations of those acquainted with it, either

in a state of nature or in captivity, indicate that it has
uot the power of doing so. None of the specimens in con-

finement have been observed to emit any sound.

Manatees, though much less numerous than formerly,

are still occasionally found in creeks, lagoons, and estuaries

iu some of the West India Islands, and at various spots

on the Atlantic coast of America from Florida as far south
as about 20° S. lat., and in the great rivers of Brazil,

almost as high as their sources. They are also met with

iu similar situations on the opposite African coast, from
about 16° N. to 10° S. lat., and as far into the interior as

Lake Tchad. Its range may even extend, if native reports

obtained by Schweinfurth are correctly interpreted, to the

river Keebaly, 27° E. long.

The American Manatee (J/, australls, Tilesius) was
thought by Dr Harlan to be divisible into two species, one
inhabiting Brazil and the other the West Indies and
Florida. To the northern form he gave the name of M.
latirostris, but the distinction is not now generally

recognized. On better grounds the African Manatee waa
separated by Desmarest, under the name of M. senegaknsis,

and there are certainly constant although not very

important cranial characters by which it can be dis-

tinguished from its American congener, among which the

following may be cited :—the anterior part of the rostrum

is shorter, shallower, and altogether smaller; the orbit is

smaller ; the zygomatic process is more deep and massive
;

the malar bone is deeper from above downwards; the upper
margin of the anterior nares is narrower and with a smooth
and rounded instead of a thin and serrated edge ; the upper
surface of the frontal is flat, instead of concave; the foramen
magnum and occipital condyks are narrower from side to

side, and the symphysis of the mandible smaller and
shallower.

For an account of the animals most nearly allied to the

Manatee, the Khytina, or "Northern Manatee" as it is

sometimes called, and the Dugong, m well as the various

extinct kindred forms, see Mammalia, pp. 390, 391.
Bibliography.—W. Vrolik, Bijdragoi lot dc Dlcrl-ur.dc, 1851 ; J.

JIuric, " Ou the Form and Structure of the Manatee," Trans. Zool.

Hoc. Lo.id., vol. viii. p. 127, 1872, and " Further Observations
on tho Sianatee," Hid., vol. xi. p. 19, 1880; A. H. Garrod,
"Notes on the Manatee recently living in the Zoological Society's

Gardens," /6/c/., vol. x. p. 137, 1875; II. C. Chajmian, "Obser-
vations on the Structure of the Jtanatee," Proc. .Acad. Kat. Sciences

of J'hiladcljiliia, 1875, p. 452 ; A. Crane, "Notes on the Habits ol

llie Manatees in Captivity in the Brighton Anuarium," Proc. ZooU
Soc. Land., 1881, p. J50. (W U. F.)
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MANBHUM, a district in the lieutenant-governorship of

Bengal, India, lying between 22° 37' and 24° 3' N. lat.,

and 85° 51' and 87° IC E. long., is bounded on the N.

by HazAribagh and Birbhum, on the E. by Bardwin and
Ednkura, on the S. by Singbhum and Midnapur, and on

the W. by LohArdagA and HazaribAgh. It has an area

of 41-17 square miles. The headquarters station is at

Purulia. Manbhiim district forms the first step of a

gradual descent from the table-land of Chutia Nd'gpur to

the delta of lower Bengal. In the northern and eastern

portions the country is open, and consists of a series of

rolling downs, dotted here and there with isolated conical

hills. The soil is for the most part composed of hard,

dry, ferruginous gravel, but many of the lower levels are

filled with good alluvial soil, which yields a fine rice crop.

In the western and southern tracts the country is more
broken, and the scenerj' much more picturesque. The
principal hills, are Dalmd (3407 feet), the crowning peak

of a range of the same name ; Gangdbari or Gajboro (2220

feet), the highest peak of the Baghmiindi range, about 20

miles south-west of Purulia ; and PAnchkot or Pdnchet

(IGOO feet), on the summit of which stands the old palace

of the rAjAs of PAnchet The hills are all covered with

dense jungle. The chief river is the Kasai, which flows

through the district from north-west to south-east into

Midnapur, aud on which a considerable floating trade in

s4/ timber is carried on. The useful timber found in MAn-
bhiini is very limited in quantity, and wiih the present rate

of decrease the supply cannot last many years. Tigers,

leopards, bears, wolves, and jackals are not uncommon

;

various kinds of deer abound ; and bison are occasionally

met in the south of the district. Elephants come every

3-ear from the south-east into the hilly country between

MAnbhiim and Singbhum.

The census of 1872 returned the population at 820,521. The
aboriginal tribes numbered about 100,000, Hindus nearly 700,000,

and Mohammedans about 30,000. In ISSl the population was
1.042,117. A large proportion of the aborigines are now semi-

Hinduized. The most numerous aboriginal tribe are the Santals

;

but the Bhumij Kols are the characteristic aboriginal race. In

JLinbhum they inhabit the country lying on both sides of tha

Subarnarekha. They are pure Mundas, but their compatriots to

the east have dropped the title of Munda and the use of their

distinctive language, have adopted Hindu customs, and are fast

becoming Hindus in religion. The Bhumij Kols of the Jangle
JIahals were once the terror of the surrounding districts ; they
are now a more peaceful tribe, but have lost to a great extent

the simplicity and truthfulness of character for which their

cognates are generally distinguished. Among high-caste Hindus
about 50,000 are Brahmans and 16,000 Rajputs. The Kermiis,

who are agriculturists, form the most numerous caste in the

district. The Christian population numbers about 600, most of

whom are engaged in agricufture. Manbhum is a thoroughly rural

district, and contains only two towns with upwards of 5000 in-

habitants, namely Purulia and Raghunithpur, and three others

with over 2000, namely JhaUda, Kasipur, and jiaubazar.

Three principal crops of rice are grown, one sown broadcast early

in Jlay on table-lands and the tops of ridges, an autumn crop, and
a winter crop, the last forming the chief harvest of the district.

Other crops are wheat, barley, Indian corn, pulses, oilseeds, lin-

seeds, jute, hemp, sugar-cane, indigo, pan, and tobacco. Owing to

the completeness of the natural drainage floods are unknown, but
the country is liable to droughts caused by deficient rainfall. The
principal articles of export are oilseeds, pulses, glii, lac, indigo,

tasar sUk (manufactured near Raghunithpur), timber, resin, coal,

and (in good seasons) rice. The chief imports are salt, piece goods,

brass utensils, and unwrought iron. Cotton hand-loom weaving is

carried on all over the district. Coal is found at Iharia, a few miles

from Pai-asnath. The total revenue of Manbhum district iu 1881
amounted to £25,760, of which £7562 was obtained from land,

and £642-t from excise. The schools in 1877 numbered 392, with
9616 pupils. The climate of the district is fairly healthy. The
average rainfall for the ten years ending 1880-81 was 55 '95 inches.

MANCH.\, La. This name, when employed in its

widest sense, denotes that bare and monotonous elevated

plateau of central Spain which stretches between the

mountains of Toledo and the western spurs of the hills of

Cuenca, being bounded on the S. by the Sierra Morcna and
on the N. by the Alcarria, which skirts the upper course
of the Tagus. It thus comprises portions of the modern
provinces of Toledo, Albacete. and Cuenca, and almost the
whole of Ciudad Real. Down to the 16th century the
eastern portion was known as La Mancha de Montearagon
or de Aragon, and the western simply as La Mancha;
afterward," the north-eastern and soutb-western sections

respectively were distinguished by the epithets " Alta " and
"Baja" (upper and lower). La Mancha was created a

province in 1G91 ; its ofBcially recognized boundaries have

since that time varied considerably, and in common
parlance it is often now identified with the modern province

of Ciudad Keal. Ciudad Eeal, which is bounded on the

N. by Toledo and Cuenca, on the E. by Albacete, on the

S. by Jaen and Cordova, and on the W. by Badajoz, ranks

next to Badajoz and Caceres in point of extent, containing

an area of 7S40 square miles. The population in 1877
was 260,641. From the scarcity of water and the absence

of trees and fences, as also from the circumstance of the

rural population being concentrated only at certain points,

it as a whole presents to the traveller the arid and cheerless

aspect of a desert. The principal river is the Guadiana,

which rises in the so-called Ojos ("Eyes") del Guadiana in

the north-east, and is joined by the Azuer and the Jabalon

on the left, aud by the united waters of the Zancara and

Giguela on the right. No advantage, unfortunately, is

taken of these or any of the other streams in the province

for irrigation, the inhabitants depending entirely on the

meagre and precarious rainfall. A peculiarity of the

province is the facility with which water can be reached by

digging ; but neither has this resource been turned to much

account. The mineral wealth of the province (lead, copper,

iron, antimony, coal) is great, the cinnabar mines of

Almaden, in particular, which were known to the ancients,

being the chief European source for the supply of quick-

silver. Saltpetre is obtained iu several places, especially in

the north (Herencia and Alcazar de'San Juan), and tliere

are quarries of fine stone at Santa Cruz and elsewhere.

The crops, when not interfered with by drought and

locusts, the two scourges of La Jlancha, are very large

;

they include wheat, barley, rye, chick pease, wine (that of

Valdepeuas being especially famous), vinegar, and brandy,

some oil, saffron, esparto, flax, and silk. The mules reared

in the province are considered the best in or out of Spain.

There are manufactures of woollen fabrics, lace, earthenware,

cutlery, saltpetre, gunpowder, and soap. The lace of

Almagro is much appreciated throughout the peninsula.

The province is traversed by the Madrid and Cordova

Railway, which enters near Alcazar de San Juan and passes

through Manzanares and Valdepeuas, entering Jaen at the

Venta de Cardenas in the Sierra Morena. The Madrid and

Badajoz line passes through Ciudad Eeal, the capital of

the province, which is connected by rail with Manzanares.

There are ten judicial partidos,—those of Alcazar de San

Juan, Almaden, Almagro, Almoduvar del Campo, Ciudad

Keal, Dalmiel, Infantes, Manzanares, Piedrabuena, and

Valdepeiias. The only towns having a population above

10,000 in 1877 were Almod6var del Campo, Ciudad Fieal,

and Valdepeiias.

MAXCHE, a department in the north-west of Franco,

washed by the English Channel (Fr., Za Zlanche), from

which it derives its name, and made up of the Cotentin,

the Avranchin, and part of the Socage, three districts of

the former province of Kormandy, lies between 4S° 28' 40'

and 49° 47' 30' N. lat., and between 0° 43' and 1° 54' 30"

W. long.,bounded W.,N., and N.E. by the Channel, E. by

the department of Calvados, S.E. byOrne, S. by Mayenne

and Ille-et-Vilaine. The capital, St Lu, is 159 miles west of

Paris. The extreme lenith from north-west to south-east
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is 81 milei^the nipan breadth from cast to west aoout 23

miles, and the area 2289 square miles.

The department is traversed from south to north by a
,

range of hills, in many parts picturesque, jiad connected

in the south with those of Maine and Brittany. In the

country round Mortain, which has been called the Switzer-

land of Normandy, they rise to a height of 1200 feet, and
at Cherbourg their altitude is still from 500 to 000 feet.

As a whole the department has an English aspect, with its

broken and tide-beaten shores offm enveloped in mist, and
its ever-verdant meadows. The coastline, running north-

ward along the bay of the Seine from the rocks of Grand
Camp to Cape Bartleur, thence westward to Cape la Hague,

end finally southward to the Bay of Jlont St Michel, has a

length of 200 miles. The Vire and the Taiite (which re-

ceives the Ouve as a tributary on the left) fall into the sea

at the Calvados border, and are united by a canal soms
miles above their mouths. From the mouth of the Taute

a low beach runs to St Vaast la Ilougue, where the coast

becomes rocky, with sandbanks. Between Cape Barfleur

and Cap3 la Hague lie the roads of Cherbourg, protected by
the famous breakwater. The whole western coast is in-

hospitable ; its petty havens, lying behind formidable

barriers and reefs, are almost dry at low tide. Great cliffs

like the points of Jobourg (420 feet high) and Flaniauville

alternate with long strands such as that which extends for

30 miles from Cape Carteret to Granville. Between this

coast and the Channel Islands the tide, pent up between

numerous sandbanks, flows with a terrific force that has

given these passages such ill-omened names as Passic/e de

la Derottte and the like. The only important harbours are

Granville and the haven of refuge of Diiilette between

Granville and Cherbourg. The chief stream is the Sienne

with its tributary the Soulle flowing by Coutances. South

of Granville the sands of St Pair are the commencement of

tlte great Bay of Mount St Michel, whose area of 60,000
acres was covered with forest till the terrible tide of the

year 709. The equinoctial tides reach a vertical height of

nearly 50 feet. Amidst the foam rise the picturesque walls

of the abbey, from the summit of a rock 400 feet high. The
S(?e, which waters Avranches, and the Couesnon (separating

Manche from lUe-et-Vilaine) disembogue in the bay.

The climate of Manche is mild and humid from its

propinquity to the sea. At Cherbourg, in spite of the

northerly exposure, the mean temperature is 3^ Fahr. above

the mean for that latitude over France. Frosts are never

severe ; myrtles and fuchsias flourish in the open air. Ex-
cessive heat is also unusual ; the predominant Ni'inds are

south-west. Rains are frequent, as the verdure of the

country testifies, but they are not vioUut, the annual rain-

fall varying from 30 to 34 inches.

Of the entire area more than the half is arable, 108,000 acres are

meadow land, 52,000 are under wood, ai. 1 S2,000 are heath. The
Boil is not naturally fertile, but vegeiatiou is promoted by the

humidity of the climate and by artilirial improvements. The
cljaractcristic industiy of the dcimrtinent is the rearing of horses

and other live stock ; the horses niinilier 92,839, besides several

thousands of asses and imiles, and there are 270,000 horned cattle,

277,000 sheep, upwards of 100,000 pigs, and 40,000 beehives. In

187C the department yielded 1,458,476 hectolitres of wheat, 83,393
of mcsliii, 1,014,662 of barley, 427,360 of samisin, 484,365 of oats,

52,236 of rye, 683,834 of potatoes, 72,401 of dried legumes, 363,372
o( beetroot, and 8758 quiutals of hemp ; and in tlie same year
there were manufactured 86,088 kilogiuinmes of linseed oil and
39,380 kilogrammes of colza oil. Tho arable and meadow lands
occupy the eastern portiou of the department ; legumes are grown in

the west, whert lands ada|)ted for market gardening purposes are

worth as much as 15,000 francs per hectare. Jlancbe has a larger

production of <ider than any other department of France (upwards
of 28,000,000 gallons). Besides apples, pears, plums, cherries, anil

figs are grown. The fields are lined with rows of oak, elm, and
beech, winch furnish good timber for building purposes. Tho aspen,

Jioplar, walnut, and chestnut are also common. Some attempts at

reclamation have bet>n made along tho sc>. shore. The department
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contain3>aiuablfpranitS r^uarries in the Cherbourg arrondissement
and the Chausay Islaud-s ; there are also deposits of carboniferous
marble, kaolin, talc, and of calcareous sand ("tangue") used as
manure. There are smiths' forges and iron foundries, important
brass foundries, and establishments for the manufacture of tools,

needles, and other kinds of hardware. The port and arsenal of

Cherbourg is very complete :n all its appointments. The depart-

ment has 45 wool-spinning factories witli 13,123 spindles, and 6
cottonspinuing mills with 50,000 spindles ; and cloth-making,

paper-making, tanning, and other industries are earned on. On the

coast there are important beds for oyster culture, and the maiitimo
jiopiilatiou, when uotengaged in the pursuit of the herring, mackerel,

or lobster, collect ware and sea-grass. The shipping of Manche
aniuunts to some 4600 vessels, with an aggregate tonnage of 29,000

tons ; tho exports consist of butter, eggs, poultry, live stock, legumes,

meat, fibh, horses, grain, .stone, brasiery, and hardware. The popu-

lation iu 1876 was 539,910. There are six arrondissementa

(St L6, Avranches, Cherbourg, C'outances, Mortain, Valognes), 48

cantons, and 643 communes : the capital ii St LS.

MANCHESTER, a city whose industries are famous

throughout the civilized world, is situated in the south-

eastern corner of Lancashire, and forms the centre of the

towns and villages which conslitute the great English

cotton district.

The city of Manchester and the borough of Salford are

about ISO miles north-west of London, and lie in 53° 29'

N. lat, 2° 14' 23" W. long. The sister towns stand for

the most part on a level plain, the rising ground being

chiefly on the north side. The rivers are the Irwell, the

Medlock, the Irk, and the Tib, the last entirely overarched

and covered by streets and warehouses. The Irwell,'

which separates Manchester from Salford, is crossed by a

series of bridges; it has here ah average width of 91 feet

and an average depth of about 7 feet ; and it discharges

itself into the Mersey, which is about ten miles distant.

The chief part of the district, before it was covered with the

superficial drift of sand, gravel, and clay, consisted of upper

New Red Sandstone with slight portions of lower New Red
Sandstone, magnesian marls and upper red marls, bard

sandstone and limestone rock, and cold clays and shales of

contiguous coal-fields. The town, as its thousands of brick-

built houses show, has been for the most part dug out of

its own fields of clay. The parliamentary borough of

Jlanchester has an area of 6349 acres; the municipal area

is 4294 acres. The parliamentary and municipal bound-

aries of Salford are identical, and have an area of 5208

acres.

Parh and Statues.—Of the parks and open spaces the

principal is the Peel Park in Salford, containing an area of

about 40 acres. In its centre is the building containing

the Salford library, and also a valuable museum of natural

history and a collection of paintings known as the Lang-

worthy gallery (built and endowed by the late Mr E. R.

Langworthy, a wealthy Jlanchester merchant). Among the

notable pictures may be named the Xast Sleep of Argyll

and the E.itecution of Montrose, by Mr E. M. Ward,

Seedley Park, Ordsall Park, and Albert Park have been

recently constructed, and are situated in Salford,—where

also is the Kersal Moor, a bit of wild moorland, some

21 acres in e.xtent, now under the care of the corporation

of Salford. The moor has long been noted for the

richness of its flora, about one-eighth of the English

flowering plants having been gathered on its very limited

area. It has also been tho scene of an entomological

incident of some interest—the capture of the (Ecophara

Woodidla, of which there is no other recorded habitat.

The Queen's Park at Harpurhey is pleasantly situated,

notwithstanding that it is now completely surrounded by

cottages and manufactories. In the centre is a small

museum, the chief interest of which depends upon a series

of phrenological casts made by Gall and Spurzheim and

completed by Bally. Philips Park is also attractive, not

withstanding its close proximity to some of the densest
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portions of tb» town. The principal parks so far named
were constructed from money obtained by a public

subscription in 1846, but the Alexandra Park at Moss Side

has been entirely paid for out of the public rates. It

has very good ornamental grounds, but owing to the

difficulties of the situation the construction has been some-

what costly. In this connexion may be mentioned the

Botanical Gardens^ which are situated at Old TrafFord, and,

although intended chiefly for the subscribers, are open at

certain times to the public on liberal terms.

Manchester is not remarkable for the number of its

public memorials of the dead ; but it possesses some

which should not be passed unnoticed [n front of the

infirmary are bronze statues of Wellington, Watt, Dalton,

and Peel. A bronze statue of Cobden occupies a prominent

position in St Ann's Square. The marble statue of the

Prince Consort, covered by a Gothic canopy of stone, is

placed in Albert Square, in proximity to the town-hall,

the enormous proportions of which have the effect of

dwarfing what would otherwise be a striking monument.
The most picturesque is the bronze statue of Cromwell, on

a huge block of rough granite as pedestal. In the Peel

Park are statues of Qaeen Victoria, the Prince Consort, Sir

Robert'Peel, and Joseph Brotherton.

Plan of Manchester,

Public Bicildings.—There are many fine public buildings

in Manchester. Among them may briefly be noticed the

-oyal infirmary, consisting of three sides of a quadrangle,
cne of which owes its existence to the benevolence of Jenny
Lind, who gave two concerts in order to raise the necessary
funds. The institution will accommodate about two
hundred and sixty patients. The royal exchange is a fine

specimen of Italian architecture, and was erected in 1869

;

the great meeting-hall is ona of the largest rooms iq

England, the ceiling having a clear area, without supports, -

of 120 feet in width. The exchange is seen at its best on
market days (Tuesday and Friday), when representatives,

from all parts of Lancashire, and inaeed of the neighbour-

ing counties, are earnestly engaged in buying and selling.

The assize courts were built in 1864 from designs by
Waterhouse. The style is a mixture of Early English

and Decorative, and a large amount of decorative art has

been expended on the building. The cost was about

£100,000. The New Bailey prison, intended for the

criminals of Salford hundred, was built (1787) in accord-

ance with the suggestions of Howard, the prison philan-

thropist, but in 1868 the present structure, at the rear

of the assize courts, was erected. The style of archi-

tecture is Norman, and the building, which covers 9

acres, cost £1 70,000. The city jail is situated in Hyde
Eoarl The old town-hall was built in 1832, in imitatiou
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of the Erectheum of Athens, at a cost of £40,000 ; it is

low occupied by the town library. The business of the

city is conducted in the new town-hall, probably beyond

dispute the most important municipal building in the

kingdom, if not in Europe. It was completed in 1877,

from designs by Waterhouse, who selected as the style of

architecture a form of Gothic, but treated it very freely

as purposes of utility required. The edifice covers 8000

square yards, and includes more than two hundred and
fifty rooms. The triangular or flat-iron form of the site

was a great difficulty, but the architect has skilfully sur-

mounted it. The building consists of continuous lines of

corridors surrounding a central courtyard and connected

by bridges. The principal tower is 2G0 feet high, and
affords a view which extends over a large part of South

Lancashire and Cheshire, and is bounded only by the hills

of Derbyshire. It contains a remarkable peal of bells hy
Taylor of Loughborough, forming an almost perfect

chromatic scale of twenty-one bells ; each bell has on ft a

line from section 105 of Tennyson's In Memoriam. The
groat hall is 100 feet long and 50 feet wide, and contains

a magnificent organ built by Cavaill^-CoU of Paris. The
panels of this room are being filled with mural paintings

illustrating the various incidents connected with the history

and progress of the city. The total cost of the building

has been £1,053,264, inclusive of £201,925 for interest.

The branch Bank of England is a Doric building designed

by Cockerell. The Salford town-hall is also Doric ; and
there are besides separate town-halls for the townships of

Ardwick, Chorlton, Hulnie, Cheetham, Broughton, and
Pendleton. The Free Trade hall is a fine structure in the

Lombardo-Venetian style, and its great hall will accommo'
date five thousand people. It is used for public meetings,

concerts, <fee., and was built by Walters. The young men's

Christian association hall was originally used as a natural

history museum. The Royal Institution, built by Sir Charles

Barry, is a proprietary institution intended for the encourage-

ment chiefiy of the fine arts In the entrance hall are casts

of the Elgin Marbles, given by George IV., and a statue of

Dalton by Chantrey. There is a email permanent gallery,

and periodical exhibitions of pictures are held and courses

of lectures delivered. Arrangements have now (1882) been

concluded by which the institution will become the pro-

perty of the town and be managed by a joint committee of

members of the town council and others interested in art

and literature. The Athenceum, also designed by Barry,

was founded by Richard Cobden and others associated

with him, for "the advancement and diffusion of know-
ledge." The institution has, perhaps, not developed

exactly on the lines contemplated by its promoters, but it

ias become one of the most useful in the town. All the

advantages enjoyed by members of high-class social clubs,

with the addition of facilities for educational classes and
the use of an excellent nows-room and a well-selected

library of 18,000 volumes, are offered in return for a

payment which does not amount to a penny a day. The
mechanics' institution contains a library of 17,000 volumes,

and has connected with it excellent day and evening schools,

and classes for technical instruction. The Portico is a

good specimen of the older proprietary libraries and news-

rooms. It dates from 1806, and has a library of 20,000
volames. The Memorial Hall was built to commemorate
the memory of the Nonconformist ejected ministers of

1662. The Unitarian home missionary board has here

its library and rooms for the education of students ; and
the building is used for a variety of meetings, scientific,

educational, musical, and religious. The inconvenience

arising from inadequate provision for postal service is, after

many years of hesitation, to be remedied by the erection, now
(1882) in progress, of a commodious post-office.

Means of Communication.—The opening of the Man-
chester and Liverpool Railway in 1830 marked an im-

portant epoch in the history of modern industry, and since

that time ^tanchester ha*^ gradually been connected by rail

with every part of the kingdom. The enormous traffic by
this means has not, however, entirely superseded the use

of the canals, which fcrmerly played so important a part in

the cotton industry. The construction of the Bridgewater

Canal in 1761 was an event second in importance only to

that of the introduction of the railway system. There are

three large railway stations, Victoria, London Road, and
the Central, and several minor ones. The excellence of the

omnibus system of the city was perhaps one principal cause

for the somewhat tardy adoption of tramways ; but these

have now rapidly developed, and ensure facilities for transit

between the different parts of the city and also ior com-

munication with the neighbouring towns and villages. The
establisliment of a ship canal to connect Manchester with

tae sea has been frequently suggested at intervals for the

last sixty years, and a scheme of tidal navigation elaborated

by Mr Hamilton Fulton is now (1882) being actively dis-

cussed

Water Supply.—This is under the control of the cor-

poration, which supplies not only the citizens but the sur-

rounding populations. The gathering-ground is a series of

reservoirs in the valley of Longdendale, chiefly along the

course of the river Etherow. Woodhead, the chief reservoir,

20 miles from Manchester, is 777 feet above sea-level, is

72 feet deep, covers an area of 155 acres, and has a capacity

of 1,235,000,000 gallons. The present system of water-

works, including the portions now being constructed at

Audenshaw and Denton, have an aiea of reservoirs of 854J
acres, and a capacity of holding 5,914,000,000 gallons.

The average daily su^oply of water was in 1855 8,078,152

gallons; in 1881 it was 18,929,704 gallons. In 1877 the

water committee announced that in view of the increased

demand it -would be necessary to obtain additional or fresh

sources of supply. The proposal to utilize Thirlmere in

Cumberland for this purpose was vehemently opposed, but

the scheme was eventually sanctioned by parliament, and

the works have been begun, but have not as yet made
rapid progress. Thirlmere is 533 feet above the sea, and

it is proposed to raise it by an embankment to 584 feet

above the sea. From this height it is estimated' that a

maximum quantity of 50,000,000 gallons might be with-

drawn daily.

Lighting.—The corporation not only manufactures gas

for the lighting of the city, but sells it to out-districts.

The area of distribution amounts to 42 square miles, and

the street mains for the gas supply are 597 miles long.

The entire assets of tke gas-works were valued in

September 1881 at £1,386,942. The average quantity of

gas transmitted daily was 2,425,630,000 cubic feet The
revenue from the sale of bye-products is about £90,000.

Salford, which is supplied with water by Manchester, has

its own gas-works, the property of the ratepayers, and

managed by a committee of the town council.

Administration of Justice.—The city has a stipendiary

magistrate who, in conjunction with lay magistrates, tries

cases of summary jurisdiction in the police courts ; these

are held in a building erected for the 'purpose, and having

some architectural pretensions. Thpre are also quarter

sessions, presided over by a recorder. Separate sessions

are held for the Salford hundred. Salford has also a

police court with a stipendiary magistrate. Certain

sittings of the Court of Chancery for the duchy of Lancaster

are held in Manchester. In addition to the county

court, there is an ancient civil court known as the

Salford Hundred Court of Record. Assizes have been held

since 1866.
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Churches.—The chief ecclesiastical building in Man-

chester is the cathedral, which, however, hardly corre-

sponds to the ideas usually associated with that word. It

was indeed built simply as a parish church, and, although

a fine specimen of Perpendicular Gothic, is by no means

what might be expected as the cathedral cf an important

and wealthy diocese. Though there are remains of older

work, the bulk of the building belongs to the early part of

the 15th century. The first warden was John Huntington,

rector of A?hton, who built the choir. The building, which

was noticed for its hard stone by Leland when he visited

the town, did not stand time and weather well, and by

1845 some portions of it were rapidly decaying. This led

to its restoration by Holden, which was not finished until

1868, when the tower was almost completely renovated in

a more durable stone than that formerly used. The total

length is 220 feet and the breadth 112 feet; the only parish

church exceeding it in this last dimension is said to be that

of Coventry. There are several stained-glass windows. In

the Ely chapel is tho altar tomb of Bishop Stanley, the

father of the gallant Sir John Stanley, who fought at

Flodden Field. In the stalls there are some curious

miserere carvings. Tho tower is 139 feet high, and con-

tains a peal of ten bells, chiefly from the foundry of the

Rudhalls. There are two organs, one by Father Smith,

and a new one erected at a cost of more than £7000, and

ejiclosed in an oak caso designed by the late Sir G. Scott.

The church endowments are considerable, and have been

the subject of a special act of parliament, known as the

Manchester Rectory Division Act of 1845, which provides

£1500 per annum for the dean, and £600 to each of the

four canons, and divides tho residue among the incumbents

of the new churches formed out of the old parish. There

are about one hundred places of worship in Manchester

belonging to the Church of England, but they are not

especially remarkable. Of the Roman Catholic churches,

the most important are the cathedral church of St John

in Salford, of the earliest Decorative character, with a spire

240 feet in height, and the church of the Holy Name,

which belongs to the Jesuits, and is remarkable for its

costly decoration. Salford is the seat of a Roman Catholic

bishopric, as Manchester is the seat of an Anglican one.

Most of the Nonconformist bodies have churches in the

city and its environs. The meeting-house of the Society

of Friends is said to be the largest of the kind in the

kingdom, and will seat twelve huudred persons..

Literature and Science.—Manchester possesses numerous

associations for the cultivation of literature and science.

The oldest of these, the Literary and Philosophical Society,

founded in 1781, has a high reputation, and has numbered

omon" its working members John Dalton, Eaton Hodg-

kinson, William Fairbairn, J. P. Joule, H. E. Roscoe, and

many other famous men of science. It has published a

lengthy series of memoirs and proceedings. The Man-

chester Literary Club was founded in 1862, and publishes

an annual volume of papers. The Manchester Statistical

Society was the first society of the kind established in the

kingdom, and has issued Transactions containing many

important papers. The Scientific Students' Association,

the Field Naturalists' and Archaeologists' Society, the

Microscopical Society, the Botanists' Association, the Geo-

logical Society, and the Science Association may also be

named. Several printing clubs, the Chetham, Record,

Holbein, and English Dialect societies, have their head-

quarters here. Nine daily papers are published, and the

journalism of Manchester takes high rank. The periodicals

issued are between fifty and sixty in number.

University and Schools.—Theje are many educational

facilities in Manchester and Salford. The oldest school is

the Manchester grammar school, which was founded in

1519 by Hugh Oldham, bishop of Exeter, who was a

native of Crumpsall, ono of the outskirts of the town.

Tho foundation was done "out of tho good mind he bore

to the county of Lancashire, perceiving that the children

thereof, having pregnant wits; were for the most part

brought up rudely and idly ; that knowledge might be
advanced, and that the children might be better taught to

love, honour, and dread God and His laws." The master and
usher appointed by the good bishop were to teach freely

every child and scholar coming to the school, " without

any money or reward taken." Some mills were devised

for tho maintenance of the school, which was further

endowed at both the universities by Sarah) duchess of

Somerset, in 1G92. The school has been reconstituted on
a new basis within recent years, and has now two hundred
and fifty free scholars, whilst other pupils are received on
payment of low fees. Mr E. R. Langworthy bequeathed

to it £10,000 as an endowment for scliolarships. Among
those educated at tho grammar school may be mentioned
Thomas De Quincey and the late Mr Harrison Ainsworth.

The Owens College was founded in 1846 by John Owens,
who left nearly £100,000 to trustees for an institution in

which should be taught "such branches of learning and
science as were then and might be hereafter usually taught

in English universities." The college was opened in 1851,

in a house which had formerly been the residence of Cobden,

but in 1872 it was removed to its present home, a hand-

some Gothic building designed by Waterhouse. An appeal

made to the public in 1867 in behalf of the college was

heartily responded to, and its capital funds now amouut to

over £400,000. The buOding is carefully adapted to its

purposes; and the chemical laboratory, a separate struc-

ture at the rear, is of the completest description. The
first bishop of Manchester, Dr J. Prince Lee, who had an

interesting library of some 6000 volumes, bequeathed it

to the college, which has also received gifts of books and

money from various other quarters, and thus has now the

nucleus of an important collection. The Royal School of

Medicine, which was founded in 1824, and had acquired

the reputation of being one of the most successful of the

provincial schools, has been amalgamated with the college.

The Medical Society has, by an arrangement with the

college authorities, deposited its valuable library of 22,000

volumes in the college rooms. The Manchester museum is

now the property of the college, and contains the bulk of

the specimens gathered by the Geological Society and by

the now extinct Natural History Society. A suitable build-

ing for the accommodation of the museum has long been a

decided want, and is now (1882) about to be undertaken.

The growing importance of the Owens College led to the

project for a university charter. The proposal was not

received without some opposition, but as the result of

lengthy discussions and adjustments a scheme was evolved

for a university to consist of afiiliated colleges, situated in

different towns, but having its centre in Manchester ; and

the charter of the Victoria University was granted in 1880,

with full powers to grant degrees except in medicine—an

exception which is to be removed. Among the other

educational institutions of the district are the Lancashire

Independent college, the Primitive Methodist college, the

Baptist institute, the St Bede's college (Roman Catholic),

the college for women, the Salford college for working

men, the school of art, and many minor institutions. The

elementary education is controlled by an elected school

board. Salford has also a school board. Very neariy the

oldest educational institution in the town is the Chetham

hospital, a bluecoat school educating one hundred boys

;

and almost the latest addition to these institutions is a

Bimilar institution founded by the late Alderman Nicholls.

The schools for the deaf and dumb are situated at Old
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Triifford, in a contiguous buikling of the same Gothic
ilcsiirn as tlie blind asylum, to which Mr. Thomas Henshaw
left a bequest of j£20,000. There is also an adult deal

and dumb institution, containing a news-room, lecture-hall,

chapel, &c., for the usa of deaf mutes.

Libraries and Museuvis.—Manchester is well provided

with libraries. The Chetham library is sometimes spoken
jf as the oldest free library iri Europe, and certainly its

doors have been open without let or hindrance for more
than two centuries, and the building which it occupies is

almost the only relic now left of ancient Manchester. What
had once been the barons' hall, and afterwards the residence

of^the clergy, was purchased hy the trustees of Humphrey
Chetham, and by them applied to the purposes of a blue-

coat school and library, provision for the foundation and
maintenance of which he had made by will. The library,

with its quiet and almost monastic corridors, forms a

striking contrast to the busy streets without The contents

now amount to about 40,000 volumes, and include many
rare manuscripts and curious books, the gem of the collec-

tion undoubtedly being a copy of the historical compilation

of Matthew Paris, with corrections in the author's hand-

writing. There is a large collection of matter relating to

the history and archasology of Lancashire and Cheshire. A
recent addition to its riches in this department is the ex-

tensive series of Lancashire manuscripts bequeathed by the

late Canon Kaines. The collection of broadsides formed by
Mr J. 0. Halliwell-Phillips, and the library of John Byrom,
rich in mystics and shorthand writers, should also be named.

In addition to the library, Chetham left provision for the

education of a number of poor boys, and the increase in

the value of the endowments has raised the number to one

hundred, who receive a good English education and are

afterwards put to some useful trade or calling. An- ad-

ditional school has recently been erected from designs by
Waterhouse, who has been successful in making the new
building harmonize with the quaint and sober architecture

of the hospital and library. The Manchester Free Libraries

were founded by Sir John Potter, who was instrumental in

promoting a public subscription from which a building was
bought and stocked with books, and then handed over to

the town, by whose municipal authorities the libraries have
since been not only maintained but materially increased.

There is now a reference library containing about 70,000
volumes, including an extensive series of English historical

works and a remarkable collection of books of political

economy and trade. The chief object has been to make
i. good working collection for the student and man of

'etters. But, although the collection of objects dear to the

bibliomaniac has not been considered of first importance,

the library now includes some literary curiosities of the first

rank, among them specimens of the press .of Caston and
Wynkyn de Worde. Affiliated to the central consulting

library there are six lending libraries, tho Hulme library

having 17,000 volumes, Ancoats 15,000, Rochdale Eoad
15,000, Chorlton and Ardwick 17,000, Chcotham 12,000,

and Deansgate 18,000. Each lending library has attached

to it a commodious reading-joom. There are also libraries

in connexion with-thc Athenaeum, the mechanics' institu-

tion, the Portico, the Owens College, and other institu-

tions. The sister borough of Sal ford has also adopted the

free library system, and possesses at Peel Park a large

reference and lending library, whilst additional lending

libraries and new&-rooms have been opened at Pendleton,

Greengate, and Regent Road.
Rccrealion.—The city has always Ven noted for its love of

theatrical amuaements, and the German clement in its population
has in the last fifty yearsJ largely inllncaceJ tho taste for music by
which it is now distin^ished. Tie theatre royal is a patent
theatre, and was opened in 1845, its predecessor havinp Ijeen

burned in the previous year. It tiskka in size with the largo metro-

politan theatres, and has connected with it memories of nearly all

the great actors of the present and past generation. The Prinoe'-i

theatre was opened in 1864, and is an elegant and beautifully

finished structure. The Queen's theatre is a substantial building

with but small architectural pretensions. A theatre has recently

been opened in Salford. The concert-hall will hold twelve hundred
people. There are many musical societies ; and amongst other

places of amusement may be mentioned the Belle Vue Zoological

Gardens, the Pomona Palace, and numerous music-halls, &c.

Population.—According to the census of_1881, the manicipal
borough of Manchester contains a population of 341,414 (163,475
males, 177,939 females), while the parliamentary borough has

393,585 (189,005 males, 204,580 females). Salford, on the same
authority, has 176,235 (84,610 males, 91,625 females). These
figures, however, hardly convey the actual facts of the case.

Manchester and Salford are as closely joined as London and
Southwark, and are surrounded by populous districts quite as

much united as the component paits of what the registrar-general

styles "Greater London." There has been a seeming decrease

in the population of the city, which in 1871 was stated to contain

3.^5,655 persons; but this appearance is fallacious, for, while the

progress of city improvements has reduced the number of inhabited

houses in the centre, there has been a large influx into Salford,

which has increased by 51,432 persons during the last ten years.

The two boroughs, with the urban sanitary districts immediately

contiguous, have a population of about 800,000 persons. In the

Middle Ages there were in Manchester and Salford probably not

more than two or three hundred burgesses and their dependants.

In 1588 the population was estimated at 10,000, but the parish

is hero meant. In 1757 the^wo towns contained 19,839 persons,

who by 1773 had increased to 27,246, and by 1783 to over 39,000.

At the first census in 1801 Manchester had 75,275, and Salford

14,477. The last four census statements are :

—

Manchester. Salford.

1851 303,382 63,850

1S61 338,722 102,449

1871 3n,189 124,801

1881 341,414 176,235

The increase in rateable value has been equally remarkable. In

1815 Manchester was rated at £357,778 ; in 1882 the estimate

was £2,761,469. The corresponding Values for Salford were

£54,130 and £801,192.
Sanitary Conditimi.—Manchester, like other towns, grew more

rapidly than the provision for its wise government ; but determined

efforts have been made in the direction of sanitary improvement.

The death-rate in 1840 was 34-3; in 1850, 29-6; in 1860, 28-0;

in 1861, 30-4; in 1862, 30-3; in 1869, 28-9; in 1870, 26-52; in

1871, 29-8 ; in 1877, 25-4 ; in 1880, 247 ; and for nine months of

1881 it was 23-3. Whatever may be the causes of these fluctua-

tions, it is clear that there is still ample room ior further improve-

ment The air laden with the products of the combustion of coal,

and the nnspeakably filthy rivers, are urgently in need of energetic

remedial action.

Manufactures and Commerce.—as nas already been stated, Man-
chester is the centre of the English cotton industry ; but in the

town itself of late years the tendency has been more and more in

the direction of commerce. Owing to the enhanced value of land,

many mills and workshops have been removed to the outskirts and

to neighbouring villages and towns, so that the centre of Manchester

and an ever-widening circle around is now chiefly devoted not so

much to production as to the various offices of distribution. Large

and handsome warehouses and shops abound, and there is every

evidence of quick and opulent life. It would be a mistake, however,

to regard Manchester as solely dependent upon the industries con-

nected with cotton. There are other important manufactures which

in another community would be described' as gigantic. Wool and

silk are manufactured on a considerable scale, though the latter

industry has for some years been on the decline. The miscellaneous

and multifarious articles grouped under the designation of small-

wares occupy many hands. Machinery and tools, using the temi

with its most comprehensive meaning so as to include alike philo-

sophical instruments and steam-engines, are made in vast quanti-

ties. The chemical industries of the city are also on a large scale.

In short, there are but few important manufactures that are wholly

unrepresented. The proximity of Manchester to the rich coal-fields

of Lancashire has had a marked influence npon its prosperity ;
but

for this, indeed, the rapid expansion of its industries would have

been impossible.

"It would probably be dilEcult to find- s community in any part

of the world with which Manchester has no commercial relations.

The enterprise of its merchants has kept pace with the energy of its

manufacturers, and the products of its looms are to be found in

every land, though doubtless tho supicmacy which its cotton goods

have held in the markets of the world tends to become more and

more abated by the gradually increasing foreign competition.

From figures laid before the Manchester Statistical Society, the

money extent of trading operation* at this centre has been calcu-
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lated at atout £207,000,000 in 1872 and £318,000,000 in 1881.

These figures, though to be taken with certain reservations, indicate

approximately the extent of the activity of the city.

The commercial institutions of Manchester are too numerous for

detailed description. Its chamber of commerce has for more than

sixty years held a position of much influence in regard to the trade

of the district and of the nation. There are eleven joint-stock

banks, seven of which have their head offices in the town ; these

banks, besides numerous branches in the surrounding district, have
sixteen branches in the town ; and there are several private bankers.

Municipality.—The aflairs of the town are regulated by a council

consisting of sixty-foui- representatives of the fifteen wards into

which the city is divided. The body corporate of sixteen aldermen
and forty-eight councillors, who are presided over by the mayor,
has shown much enterprise and public spirit in the energy with
which it has prosecuted public improvements, and in the business

ability with which it has managed the vast undertakings connected
with the lighting and water supply of the town. The town council

of Salford consists also of sixteen aldermen and forty-eight coun-
cillors, and there are fourteen wards.

History.—Very little is known with certainty of the early history

of JIanchester. . It has, indeed, been conjectured, and with some
probability, that at Castlefield there was a British fortress, which
was afterwards taken possession of by the soldiers of Agricola. It

is at all events certain that a Eoman station of some importance
existed in this locality, and a fragment of the wall still exists. In
the last century considerable evidences of Roman occupation were
still visible ; and from time to time, in the course of excavation

(especially during the making of the Bridgewater Canal), Eoman
remains have been found. The coins were chiefly those of
Vespasian, Antoninus Pius, Trajan, Hadrian, Nero, Domitian,
Vitellius, and Constantlne. The period sncceeding the Eoman
occupation is for some time legendary. As late as the 17th century
there was a floating tradition that Tarquin, an enemy of King
Arthur, kept the castle of Manchester, and was killed by Lanncelot

of the Lake. The mention of the town in authentic annals is very
scanty. It was probably one of the scenes of the missionary

preaching of PauUnus ; and it is said (though by a chronicler of

comparatively late date) to have been the residence- of Ina, king
of Wessex, and his queen Ethelberga, after he had defeated Ivor,

somewhere about the year 689. Nearly the only point of certainty

in its history before the Conquest is that it suffered greatly from the
devastations of the Danes, and that in 923 Edward, who was then
at Thelwall, near Warrington, sent a number of his Mercian troops

to repair and garrison it. In Domesday Book Manchester, Salford,

Rochdale, and Radcliffe are the only places named in South-East
Lancashire, a district now covered by populous towns. Large por-

tions of it were then forest, wood, and waste lands. Twenty-one
thanes held the manor of Salford among them. The chnrch of St
Mary and the church of St Michael in Manchester are both named
in Domesday, and some difficulty has arisen as to their proper
identification. Most antiquaries have considered that the passage

refers to the town only, whilst others think it relates to the parish,

and that, while St Mary's is the present cathedral, St Michael's

would be the prfesent parish church of Ashton-under-Lyne. Man-
chester and Salford aro so closely allied that it is impossible to dis-'

associate their history. Salford received a charter from Ranulph de
Blundeville, in the reign of Henry IIL, constituting it a free

borough, and Manchester in 1301 received a similar warrant of

municipal liberties and privileges, from its baron, Thomas Gresley,

a descendant of one to whom the manor had been given by
Roger of Poictou, who was created by William the Conqueror

lord of all the land between the rivers Mersey and Ribble.

The Gresleys were succeeded by the De la Warres, the last

of whom was educated for tho priesthood, and became rector

of the town. To avoid the evil of a non-resideut clergy, he made
considerable additions to the lands of the church, in order that

it might be endowed as a collegiate institution. A sacred guild

was thus formed, whose members were bound to perform the

necessary services at the parish church, and to whom the old

baronial hall was granted as a place of residence. The manorial

rights passed to Sir Reginald West, the son of Joan Greslet, and he

was summoned to parliament as Baron de la Warre. The West
family, in 1579, sold the manorial rights for £3000 to John Lacy,

who, in 1596, resold them to Sir Nicholas Mosley, whose descend-

ants enjoyed the emoluments and profits to be derived from them
until the middle of the present century (1845), when they were
purchased by the present town council of Manchester for a sum of

£200,000. The lord of the manor had the right to tax and toll aU
articles brought for sale into the market of the to^vn. But, though
the inhabitants were thus .to a large extent taxed for the benefit of

cue individual, they had a far greater amount of local self-goveni'

ment than might have been supposed, and the court leet, which
was then the gowrning body of the town, had, though doubtless in

a somewhat rudimentary foi-m, nearly all the powers and functions

Kow possessed by municipal corporations. This court had not only

<«)ntrol over the watching and watering of the town, the regulation

of the water supply, and tho cleaning of the Ktreets, but also had
power, which at times was used freely, of interfering with what
would now be considered the private liberty of their fellow-citizens.

Some of the regulations adopted, and presumably enforced, sound
grotesquely at tie present day. Thus, no single woman was allowed

to be a householder ; no person might employ other than the town
musicians ; and the amount to be spent at wedding feasts and other

festivities was carefully settled. Under the protection of the barons

the town appears to have steadily increased in prosperity, and it

early became an important seat of the textile manufacture.";. Fall-

ing mills were at work in the district in the 13th century ; aid
documentary evidence exists to show that woollen manurac'uies

were carried on in Ancoats at that period. In 1641 we hear of the

Manchester people purchasing linen yarn from the Irish, weaving

it, and returning it for sale in a finished state. They also brought

cotton wool from Smyrna to work into fustians and dimities. An
Act passed in the reign of Edward VI. regulates the length of

cottons called Manchester, Lancashire, and Cheshire cottons.

These, notvrithstanding their name, were probably all woollen tex-

tures. It is thought that some of the Flemish weavers who were

introduced into England by Queen Philippa of Hainault were

settled at JIanchester ; and Fuller has given an exceedingly qnaint

and picturesque description of the manner in which these artisans

were welcomed by the inhabitants of the country they were about

to enrich with a new industry, one which in after centuries haa

become perhaps the most important industry of the country. TEc
Flemish weavers were in all probability reinforced by religious

refugees from the Low Countries. Leland, writing iu 1638, describes

Manchester as the "fairest, best bu'ilded, quickest, and most popu-

lous town of Lancashire." The right of sanctuary had been granted

to the town, but this was found so detrimental to its industrial pur-
suits that after very brief experience the privilege was taken away.

The college of Manchester was dissolved in 1547, bat was refounded

in Mary's reign. Under her successor the town became the head-

quarters of the commission for establishing the Reformed religion.

In the civil wars, the town was besieged by the Royalists under
Lord Strange, but was successfully defended by the inhfbitants

under the command of a German soldier of fortune, Colonel Eos-

worm, who complained with some bitterness of their ingratitude to

him. An earlier affray between 'the Puritans and some of Lord
Strange 's followers is said to have occasioned the shedding of th«

first blood in the disastrous struggle between the king and parlia-

ment. The year 1689 witnessed tiat strange episode, the trial of

those concerned in the so-called Lancashire plot, which ended in

the triumphant acquittal of the supposed Jacobites. That the dis-

trict really contained many ardent sympathizers with the Stuarts

was, however, shown in the rising of 1715, when the clergy

ranged themselves to a large extent on the side of the Pretender,

and was still more clearly shown in the rebellion of 1745, when the

town was taken possession of by Prince Charles Edward Stuart, aod
a regiment, known afterwards as the Manchester regiment, was
formed and placed under the command of Colonel Francis Townley.

In the fatal retreat of the Stuart troops the Manchester contingent

was left to garrison Carlisle, and surrendered to the duke of Cum-
berland. The officers were taken to London, where they were tried

for high treason and beheaded on Kennington Common.
The variations of political action in Manchester had been exceed-

ingly marked. In tho 16th century, although it produced both
Catholic and Protestant martyrs, it was earnestly in favour of the
Reformed faith, and in the succeeding century it became indeed a

stronghold of Puritanism. Yet the descendants of the Roundheads
who defeated the army of Charles I. were Jacobite in their sym-
pathies, and by the latter half of the 18th century had become
imbued with the aggressive form of patriotic sentiment known aa

anti-Jacobinism, which showed itself chiefly in dislike of reform
and reformers of every description. A change was, however, immi-
nent. The distress caused by war and taxation, towards the end of

the last and the beginning of the present century, led to bitter dis-

content, and the anomalies existing in the parliamentary system of

representation afforded only too fair an object of attack. While
single individuals in some portions of the country had the power
to return members of parliament for their pocket boroughs, great

towns like Manchester were entirely without representation. The
injudicious conduct of the authorities, also, led to an increase in the

bitterness with which the working classes regarded the condition of

society in which they found themselves compelled to toil with very
little profit to themselves. Their expressions of discontent, instead

of being wisely regarded as symptolns of disease in the body politic,

were looked upon as crimes, and the severest cS'orts were made to

repress aU expression of dissatisfaction. This foolish policy of the

authorities reached its culmination in the affair of Peterloo, which
may be regarded as the starting point of the modem reform agitation.

This was in 1819, when an immense crowd assembled on St Peter's

Fields (now covered by the Free Trade hall and warehouses) to

petition parliament for a redress of their grievances. The authoriries

had the Riot Act read, but in such a manner as to be quite unheard
by tho mass of the people ; and drunken yeomanry cavalry were
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(hen turned loose upon the unresisting mass of spectators. The
yeomanry appear to have used their sabres somewhat freely ; several

people were killed and many more injured ; ami, although the
magistrates received the thanks of the prince regent and the
ministry, their conduct excited the deepest indignation throughout
the entire country. Naturally enough, the Manchester politicians

took an important part in the reform agitation, and when "the Act
of 1832 was passed, the town sent as its representatives the liight

lion. C. P. Thomson, vice-president of the Board of Trade, and
Mr Mark Philips. With one notable exception, this was the first

time that Manchester had been represented in parliament since its

barons had seats in the House of Peers in the earlier centuries.

In 1654 Mr Charles Worsley and Mr K. Radcliffe were nominated
to represent it in Cromwell's parliament. Worsley was a man of

great ability, and must ever have a conspicuous place in history as
the man who carried out the injunction of the Protector to "remove
that bauble," the mace of the House of Commons. The agitation
for the repeal of the corn laws had its headquarters at Manchester,
and the success which attended it, net less than the active interest

taken by its inhabitants in public questions, has made the city the
home of .various projects of reform. The " United Kingdom
Alliance for the suppression of the liquor traffic " was founded
there in 1853, and during the continuance of the American War
the adherents both of the North and of the South deemed it desir-

able to have organizations to influence public opinion in favour of

their respective causes.' A charter of incorporation was granted in

1838 ; a bishop was appointed in 1847 ; and the town becamo n
city in 1853. The Lancashire cotton famine, caused by the civil

war in America, produced much distress in the Manchester district,

and led to a national movement to help the starving operatives.

The relief operations then organized are amongst the most remark-
able efforts of modern philanthropy.
Although several excellent boots have heen writteD on FubjectB connected with

the town, there is no adequate modem history. The Hntm-i/ o/itanchester, by
the Rev. John Wliltaker, appeared in 1771; it is a mere tragment, and, tliough
conUilning much Impoitant matter, requires to Ite very discreetly used. 'Ihe
following may be recommended :—Reilly, Nislori/ of Manchester, 1861 ; Procter,
Mancfiesler in EoiUtaf Drest (ISPC), Memoriah ofMartcheiter Streets (1874), Memo-
rials of Byegone Manchester, 1880; Buxton, Botanical Guide to Manchester, Ac.
2d ed., 1859 : Axon, Handbook of the Public Libraries of Manchester and Salford,
1877; GrlndoD, Manchester Flora, 1859; Baines, History of Lancashire, 2d ed.,
1668-70. (W. E. A. A.)

MANCHESTER, a town of the United States, in Hart-

ford county, Connecticut, with a station on the New York
and New England Railfoad, 8 miles east of Hartford. Its

spinning and weaving mills turn out annually 2,000,000
yards of gingham and 90,000 pairs of stockings ; and its

paper mills (upwards of a dozen in number) produce not

only vast quantities of book paper but Government and
bank-note paper for several nations. At South Manchester,

2.J miles distant, and reached by a branch line, are the silk

factories of Messrs Cheney, which cover about 8 acres, and
give employment to one thousand operatives. The factory

village has been laid out by a landscape gardener ; and
connected With it are a public hall, a library and reading-

room, and a free school. The population of the town has
increased from 4223 in 1870 to 6462 in 1880.

MANCHESTER, a city of the United States, one of the

shire towns of Hillsborough county. New Hampshire, is

situated mainly on the left bank of the Merrimac, in a
broad plain about 90 feet above the level of the river, in

42° 35' N. lat. and 71° 31' W. long., 16 miles from Concord
and 46 north-west of Boston. It is a terminus of several

railroads, as well as a principal station on the Boston,

Lowell, and Concord line. The general plan is regular and
spacious; there are several largo and ornamental squares,

and the main thoroughfare. Elm Street, is 100 feet wide,

more than a mile long, and bordered by the trees from
which it takes its name. -Towards the river the frontage

consists of great brick-built factories and substantial tene-

ments for the accommodation of the operatives. A city-

hall (rebuilt after the fire in 1842), the county court-house,

the State reform school (for one hundred and fifty pupils),

two opera-houses, and a Roman Catholic convent (St Ann's)
and orphan asylum are among the buildings of note. The
city library (24,000 volumes), founded by private enterprise

in 1844 as the Manchester Athenaeum, became public pro-

perty in 1854. Water from Lake JIassabesic (4 miles

distant and 2300 acres in extent) was introduced into the
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town in 1874, at a cost of nearly §1,000,000, and is stored

in a reservoir capable of containing 16,000,000 gallons.

It is almost exclusively to the water-power furnished by the

Blodgett Canal (built in 1816 round the Amoskeag Falls,

which have a descent of 47 feet) that Manchester owes its

prosperity as a manufacturing centre. The Amoskeag Com-
pany (dating from 1831), the Stark mills (1838), the Man-
chester mills (1839), the Langdon mills (1857), and the

Amory mills (1880) are the leading establishments; they

possess an aggregate capital of §7,650,000, work 12,000
looms and 409,000 spindles, and make 143 miles of web
daily. Locomotive engines (produced at the rate of

fourteen per month), steam fire-engines, edge tools, circular

saws, files, sewing machines, carriages, leather, boots and
shoes, paper, and ale all likewise form important items in

the local industry. Manchester is governed by a mayor,

a board of aldermen (one member for each of the eight

wards), and a common council (three members for each

ward). The assessed value of property in 1881 was

$19,175,408, and the city debt $965,550. The popula-

tion, which was 13,932 in 1850, stands in the succeeding

decades at 20,107, 23,536, and 32,630, and is stated in

1882 at 36,500.

Onginally settled in the close of the 17th century by Scotch

Presbyterians and Massachusetts Puritans, Derryfield, as it was then
called, though incorporated in 1751,continued for upwards of seventy

years to be a place of less than one hundred inhabitants, with
neither minister nor lawyer, and so dependent on the river fisheries

that the eels were known as the "Derryfield beef." The name
Manchester was legally recognized in 1810, and a city charter was
granted in 1846. The city nas recently been described as paying
nearly one-ninth of the State tax and producing one-eighth of the

manufactured goods made in the State, as embracing one-tenth of

the population of the State, as the fourth city of the Union, in the

value of its cotton and woollen manufactures, and the third city

in New England in increase during the last decade.

MANCHURIA is the name by which the territory in

the east of Asia occupied by the Manchus is known in

Europe. By the Chinese it is called the country of the

Manchows, or, as it is pronounced by the natives, of tho

Manchus, an epithet meaning "Pure," chosen by the

founder of the dynasty which now rules over Rfanehuria

and China as an appropriate designation for his family.

Manchuria as it has existed for upwards of two centuries,

that is to say since it has had an historical existence, is

a tract of country lying in a north-easterly and south-

westerly direction between 38" 40' and 49° N. lat. and
120° and 133° E. long., and is wedged in between China

and Mongolia on the west and north-west, and Corea and

the Russian territory on the Amur on the east and north.

Speaking more definitely, it is bounded on the N. by the

Amur, on the E. by the Usuri, on the S. by the Gulf ol

Leaou-tung, the Yellow Sea, and Corea, and on the W. by

the river Nonni and a line of palisades which stretch

from Kwan-chung-tsze to the Great Wall of China, The
territory thus defined is about 800 miles in length and 500

miles in width, and contains about 390,000 square miles.

It is divided into three provinces, viz., Tsitsihar or North-

ern Manchuria, Kirin or Central Manchuria, and Lt;aot;

tung or Southern Manchuria. Physically the country is

divided into two regions, the one a series of mountain

ranges occupying the northern and easteWi portions of the

kingdom, and the other a plain which stretches southwards

from Moukdon, the capital, to tho Gulf of Leaou-tung.

Speaking generally, the mountains run in a direction

parallel with the lie of the country, and are interspersed

with numerous and fertile valleys, more especially on the

southern and eastern slopes, where the summer sun brings

to rich perfection the fruits of the soil fertilized \j the

showers of the south monsoon.

Tho principal range of mountains is tho Shan-a lin, the

Chinese Chang pih Shan, "the long white mountains."
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which runs in a north-easterly direction from the shores of

the Gulf of Leaou-tung to the mouth of the Amur river,

[q its course through Northern Manchuria it forms the

watershed of the Sungari, Hurka, and Usuri rivers, and in

the south that of the Ya-lu, Ta-yang, and many smaller

streams. It also forms the eastern boundary of the great

plain of Leem-tung. The mountains of this range reach

their greatest height on the south-east of Kirin, where their

snow-capped peaks rise to the elevation of from 10,000 to

12,000 feet. The scenery among them is justly celebrated

for the grauieur of its beauty, more especially in the neigh-

bourhood of Haiching, Siu-yen, and the Corean Gate.

Another range forms a parallel line to the Shan-a-lin

mountains on their west, and runs from the neighbour-

hood of the junction of the Hurka and Sungari rivers,

passing Kirin, to the plain on the north side of Moukden.
The three principal rivers of Manchuria are the Sungari,

Hurka, and Usuri already mentioned. Of these the Sun-

gari, which is the largest, rises on the northern slopes of

the Shan-a-lin range, and runs in a north-westerly direction

to its junction with the Nonni, from which point it turns

north-east until it empties itself into the Amur. It ia

navigable by native junks above Kirin, to which city also

the Kussians have succeeded in travelling on it by
steamer. In its long course it varies greatly both in

depth and width, in some parts being only a few feet

deep and spreading out to a width of more than a mile,

while in other and mountainous portions of its course its

channel is narrowed to 300 or 400 feet, and its depth is

increased in inverse ratio. The Usuri rises in about 44°

N. lat. and 131" E. long., and, after running a north-

easterly course for nearly 500 miles, it also loses itself in

the Amur. The Hurka takes its rise, like the Sungari, on
the northern slopes of the Shan-a-lin range, and not far

form the sources of that river. It takes a north-easterly

course as far as the city of Ninguta, at which point it

turns northward, and so continues until it joins the Sun-
gari at San-sing. It is navigable by junks between that

city and Ninguta, though the torrents in its course make
the voyage backwards and forwards one of considerable

difEculty. Nest in importance to these rivers are the

Leaouand Ta-yang, the former of which rises in Mongolia,

and after running in an easterly direction for about 400
miles enters Manchuria in about 43° N. lat., and turning

southward empties itself into the Gulf of Leaou-tung. In

bygone days large junks were able to sail up it as far as

New-chwang, but owing to the silting up of the bed it is

not now navigable for any but small boats beyond Ying-tsze,

where the foreign settlement is situated. The Ta-yang

rises on the southern slopes of the Shan-a-lin mountains,

and flows southward into the Yellow Sea.

Moukden, or as it is called by the Chinese Shing-yang,

the capital city of Manchuria, is situated in the province

of Leaou-tung, in 41° 40' N. lat. and 130° 30' E. long. It

occupies a fine position on the river Shin, an affluent of

the Leaou, and is a city with considerable pretensions to

grandeur. The city wall presents a handsome appearance,

and is pierced by eight gates. Like Peking, the town
possesses a drum tower and a huge bell. The streets are

broad and well laid out, and the shops are well supplied

with both native and foreign goods. The population is

estimated at about 200,000 including that of the suburbs,

the richest and most exfansive of which are on the western

and southern faces of the city. Leaou-yang, which was
once the capital of the country, also stands in the province

of Leaou-tung, but it is not now a place of much import-

ance. Such trade as there is is carried on in the centre of

the city, the remaining portions being open, having been
turned into vegetable gardens. The other cities in the

proviace are King-chow-foo on the west of the Gulf of

Leaou-tung ; Kin-chow, on the western extremity of the

Leaou-tung peninsula ; Kai-chow, on the north-westeru
shore of the same peninsula; Hai-ching, on the road from
Ying-tsze to Moukden ; Ki-/uen, a populous and prosperous

city in the north of the province ; and Hing-king, on the

northern slope of the Shan-a-lin mountains, which is famous
rather from the fact that it was the original seat of the

founders of the present dynasty than for any pretensions

to present importance. The most important commercial
place, however, is the treaty port of ,i'"ing-tsze, which is

situated at the head of the Gulf of Leaou-tung. The
main street, which is lined with shops and warehouses, i?

2 miles in length, and the trade there carried on is very

considerable. According to the custom-house returns the

value of the foreign imports and exports in the year 1S80
was £691,954 and £1,117,790 respectively, besides a large

native trade carried on in junks. The population of the

whole province of Leaoa-tung is estimated to be about
12,000,000.

The province of Kirin, or Central Manchuria, is bounded
on the N. and N.W. by the Sungari, on the S. by Leaou-

tung and Corea, on the W. by the line of palisades already

spoken of, and on the E. by the Usuri and the maritime

Russian provinces. It contains an area of about 135,000
square miles, and is entirely mountainous with the excep-

tion of a stretch of plain country in its north-western corner.

This plain produces large quantities of indigo and opiam,

and is physically remarkable for the number of isolated

conical hills which dot its surface. These sometimes occur

in a direct line at intervals of 15 or 20 miles, and elsewhere

are scattered about " like dish-covers on a table." Kirin,

the capital of the province, is situated in about 43° 40' N.

lat. and 126° 50' E. long., and occupies a magnificent

position, being surrounded on the north, west, and south

by a semicircular range of mountains with the broad stream

of the Sungari flowing across the front. The local trade

is considerable, and ia benefited by the presence of large

junk-building yards, which, owing to the abundance and
cheapness of wood, have been established there, and from
which the place has derived its Chinese name of Chuen-
chang or "shipyard." The town tas a well-to-do appear-

ance, and in summer time the houses and shops are gaily

decorated with flowers brought from the sunny south.

Ashehoh, on the Ashe, with its population of 40,000 ;

Petuna, Sinice Sing-chung, on the Sungari, population

30,000 ; San-sing, near the junction of the Sungari and

Hurka; La-lin, 120 miles to the north of Kirin, popula-

tion 20,000 ; and Ninguta, are the other principal cities in

the province.

Tsi-tsi-har, or Northern Manchuria, which contains about

195,000 square miles, is bounded on the N. and N.R by
the Amur, on the S. by the Sungari, and on the W. by the

Nonni and Mongolia. This province is thinly populated,

and is cultivated only along the lines of its rivers. The
only towns of any importance are Tsitsihar and Mergen,

both situated on the Nonni.

Four principal highways traverse Mancliuria. The first

runs from Peking to Kirin via Moukden, where it sends off

a branch to Corea. At Kirin it bifurcates, one branch

going to San-sing, the extreme north-eastern town of the

province of Kirin, and the other to PoLssiet on the coast via

Ninguta. The second road runs from the treaty port of

Ying-tsze through Moukden to Petuna in the north-

western corner of the Kirin province and thence to

Tsitsihar, Mergen, and the Amur. The third also starts

from Ying-tsze, and strikes southward to Kin-chow at the

extremity of the Leaou-tung peninsula. And the fourth

connects Ying-tsze with the Gate of Corea.

The great plain in Leaou-tung is in many parts swampy, and in

the neighbourhood of the sea, wnerc the soil emits a saline exuda-
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tion such as is also coiraon in the north of China, it is perfectly

«terile. In other part" fine crops of millet and various Icincls of

crain are grown, and on it trees Hourish abundantly.

The climate ovei- the greater part of the country varies between

the two extremes of heat and cold, the thermometer ranging be-

tween 90° in the summer and 10" below zero in the winter. As in

the north of Cliina, the rivers are frozen up during the four winter

months. After a short spring the heat of summer succeeds, which in

its turn is separated by an autumn of six weeks' duration from snow
and ice. The trees and plants are much the same as those common in

England, and severe as the weather is in winter the less elevated

mountains are covered to their summits with trees. The wild

unimals also are those known in Europe, with the addition of

tigers and panthers. Bears, wild boars, hares, wolves, foxes, and
t7ild cats are very common, and, in the north, sables are found in

creat numbers. Ono of the most noticeable of the birds is the

ilongolian lark {Melanocoryphija mongolica), which is found in

a wild state both in Manchuria and in the desert o£ Mongolia.

This bird is exported in large numbers to northern China, where
it is much prized on account of the extraordinary power it

possesses of imitating the songs of other birds, the different

tones of the barks of dogs, and tlie mews and hisses of cats, as

well as nil the noises peculiar to the neighbourhood in which it

lives. The Manchurian crane is common, as also are eagles,

cuckoos, laughing doves, 8:c. Insects, of which there are, accord-

ing to the Russians, one thousand different species, abound, owing
to the swampy nature of much of the country. The rivers are well

stocked with fish, especially with salmon, which forms a common
article of food among the people. In such immense shoals do these

fish appear in some of the smaller streams that numbers are squeezed
out on to the banks and there perish. This fact possibly gave rise

to the legend of a certain Prince whose royal mother became preg-

nant by the induence of the rays of the sun, and who brought forlli

an egg from which the prince was sprung. His supernatural origin

excited the alarm of the king's ministers, who advised that he should
be put to death, but his mother, having warning of theirintention,

sent him away privately. This Manchurian Phaeton thereujion

wandered forth, and in his travels came to a river having neither

bridge nor ferry. In his difficulty he cried for help to his father

the Sun, and instantly fishes rose to the surface of the water and
formed themseives into such close array that the prince was able to

walk to the opposite bank on their backs.

In minerals Mnnchuria is very rich: coal, gold, iron (as well as

magnetic iron ore), and precious stones are found in quantities wliich

suggest that if better appliances were employed than are now in use
the returns might be very large.

Of the crops grown by the people indigo and opium are the most
lucrative. 'The indigo plant is grown in large quantities in the
[liiiin country to the north of Moukdeu, and is transported thence
to the coast in carts, each of which carries rather more than a ton
weight of the dye. The poppy is cultivated wherever it will grow,
the crop being far more profitable than that of ?.ny other product.
Cotton, tobacco, pulse, millet, wheat, and barley are other cVops
grown by the Manchuiian farmers.

Hislory.—Manchow, or more correctly Jfanclni, is, as has been
said, not the name of the country but of the people who inhabit it.

The name is a modtm one, having been adopted by a rnler who
rose to power in the beginning of the 13th century. Before that
time the Manchus were more or less a shifting population, with no
fixed location, and, being broken up into a number nf tribes, tlioy

went mainly under the distinctive name of those clans which at

different periods exercised lordship over them. Thus under the
Chow dynasty (lI2'2-225 B.C.) we find them spoken of as Sewshin,
and at subsequent periods they were known as Yih-low, Wuh-
kcih, Moh-hoh, I'ohai, Niichin, and according to the Chinese his-

torians also as K'etan. Throughout their histoiy they appear as a
rude people, the tribute they brought to the Chinese court consisting
of stone arrow-heads, hawks, gold, and latterly ginseng. Assum-
ing that, as the Chinese say, the K'etans were Manchus, the first

appoaninco of the Manchus, as a people, in China dates from the
beginning of the 10th century, when K'etana having first conquered
the kingdom of Pohai crossed the frontier into China and estab-
lished the Leaou or Iron dynasty in the northern portion of the
empire. These invaders were in their turn overthrown two cen-
turies later by anotlier invasion from Manchuria. These new
conquerors were Niichlus, and, tlierifore, direct ancestors of the
Manchus. On assuming the imperial yellow in China, their chief
ailoptcd the title of Kin or "Golden" for liis dynasty. "Iron"
(Leaou), he said, " rusts, but gold always keeps its parity and
colour, therefore my dynasty shall bo called Kin. In a little more
than a century, however, the Kins were driven out of China by
the Mongols under Jenghiz Khan. But bcfuro the close of their
nilo a miraculous event occurred on the Shan-a-lin mountains which
IS popularly believed to have laid the seeds of the greatness of the
present rulers of the empire. Three heaveuborn maidens, so runs
tne legend, were bathing ouo day in a lake under the Sban-a-lin
mountains when a passing magpie dronwd a ripe red fruit into the

lap of one of them. The maiden ate the fruit, and in due coar.se
a child was born to her, whom she named Aisin Gioro, or the
Golden. When quite a lad Aisin Gioro was elected chief over three
contending clans, and established his capital at Otole near the
Shan-a-lin mountains. His reign, however, was not of long dura-
tion, for his subjects rose against him and murdered him, together
with all his sons except the youngest, Fancha, who, like the infant
Haitu in Mongolian histoi-y, was miraculously saved from hi;

pursuers. Nothing is recorded of the facts of Aisin Gioro's reign
except that he named the people over whom he reigned Mancliu,
or "Pure." His descendants, through the rescued F.tncha, fell

into complete obscurity until about the middle of the 16th century,
when one of them, Norhachi by name, a chieftain of a small tribe,

rose to power. Taking advantage of the sliifting scenes of Jlan-
churian polirics, Norhachi played with skill and daring the r6ie
which had been played by Jenghiz Khan more than three centuries
before in Mongolia. AVith even greater success than his Itlongolian
counter|)art, Norhachi drew tribe after tribe under his sway, and
after numerous wars with Corea: and Mongolia, he established his
rule over the whole of Manchuria. Being thus the sovareign of an
empire, he, again like Jenghiz Khan, adopted for himself the title

of Ying-ming, " Brave and Illustrious," and took for his reign tho
title of T'een-ming. Thirtecen years later, in 1617, after numerous
border fights with the Chinese, Norhachi drew up a list of "seven
hates," or indictments, against his southern neighbours, and, not
getting the satisfaction he demanded, declared war against them.
'The progress of thi« war, the hastily patched up peace, the equally
hasty alliance and its consequences, being matters of Chinese history,

have been treated of under the article China.
At the present day the Manchus are rapidly dying out before the

quietly advancing Chinese settlers. By .far the greater number of

the present inhabitants of JIanchnria are Chinamen. The Chinese
system of educati^ n is adopted everywhere throughout the country

;

the Chinese language is taught in all the schools ; and Manchuria
promises to become before long as much a Chinese province as

Chih-le or Shantung.
See Journeys in Ntxrlh China, Maiichufia, and Eastern Mongolia,

by the Rev. Alexander Willianrson; The Manchus, by Rev. John
Ross

J
Man-choio yucn lew Jcaou. (R. K. D.)

MANDiEANS, also known as Sabians, Nasora>ans,

or St John's Christians,' an Oriental sect of great antiquity,

interesting to the theologian as almost tho only surviving

example of a religion compounded of Christian, heathen,

and Jewish elements on a type which is essentially that of

ancient Gnosticism.

The Mandaans, who can never have been numerous, and
are now much decayed, are found in the marshy lands of

South Babylonia (al-batiiih), the ancient refnge of so many
strange sects, particularly in the neighbourhood of Basrah (oi

Bussorah), and io Khi'uistin (Disful, Shuster).- They speak

the languages of the localities in which they are settled

(Arabic or Persian), but the language of their sacred books is

an Aramaic dialect, which has its closest affinities with that

of the Babylonian Talmud, written in a peculiar character

suggestive of the old Palmyrene.^ The existence of tho

Mand<eans has been known since tho middle of the 17th cen-

tury, when the first Christian missionaries, Ignatius a Jesu •

' Tlie first of these names (not Slcndmans or llandaites) is that

given by themselves, and means yvwanKoi, followers of Gnosis

(S"XnaKD, from NUNO, Hebr. ITJP^. The Giioai» of which tJiey

profess themselves adherents is a jpcrsonifiealiou, the aoii and

mediator " knowledge of life " (see below). The title Nasorxans

(Nisoraye), according to Petermano, they give only to those among
themselves who are most distinguished for knowledge and diaracter.

Like the Antbio Viaia*, il is arigiiaLlIy identical with the name of tho

half heathen half Jewish-Christian Nafc^'paioi, and indicates an early

connexion with that sect. The inappropriato designation of St John's

Christians arises from tlie early and imperfect acquaintance of Cluistian

missionaries, who had rtgard merely to the reverence'in which the name

of the Baptist is held among them, and their frequent baptism.^. In

tlieir dealings with members of other communions the designation

they take is Sabians, ia Arabic Subbd' (siug. Sdbi'), from KJV'W^.
to baptize, thus claiming the toleration extended by the Koran (Sur-

5, 73; 22, 17; 2, 69) to thoso of that name.
» Recent accounts (1882) represoit th«m m ahruck to 200 families,

(ind seeking n new settlement on the Tigris, to eicafa tlM penecotaw
to which they are exposed.

* See Ndldeke's admirable Mandiiiiche Grammatik, Halle, 1875.

* ifarralio orijinis, rituum, cl crrorum Cliriatianoi-uin. &. Joanm\
Rome, 1652.
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and Angelus a Sancto, began to labour among them

at Basrah ; furtlier information was gathered at a some-

what later date by Pietro ddlu Valle' and Thevenot,' and

in the following century by Kaonipfcr, Chardin, and

N'iebuhr. In recent times they have been visited by

Fetermann' and Albert Soein, and last of all Liouffi' pul)-

li.-thed in 1880 a full and aecurate account of the manners

and customs of the sect, taken from the lips of a converted

Mandtpan himself. For our knowledge of their doctrinal

system, however, we must of course still depend chiefly

'ipon the sacred books already mentioned, consisting of

fragments of very various antiquity derived from an older

literature.* Of these the largest and most important is

the Sidrd rabbd or "Great Book," known also as Ginzd

(treasure), consisting of two unequal ])art8, of which the

larger is calli'd "yamind (to the right hand) and the

Brnaller "s'miila" (to the left haud),bi-eauBeoi the manner

In which they are bound together. lu Petermann's edition

the former occupies three hundred and ninety-five large

ouarto pages and the other only one hundred and thirty-

eight. The former is intended for the living; the latter con-

sists chiefly of jirnyers to he read at the burial of priests.

.Va regards doetrine, the work is exhaustive ; but it ischar-

jieterized throughout by diffuseness, and often by extreme

obscurity, btsides being occasionally self-contradictory, as

might be expected in a work which consists of a number of

nnconnected paragraphs of various authorship and date.

The last section of the "right>hand" part (the "Book of

Kings") is one of the older portions, and from its allusion

to " the Persian and Arabian kings " may be concluded to

date from somewhere between 700 and 900 a. d. Many
of the doctrinal portions may in substance well be still

older, and date from the time of the Sa.ssanids. None of

the MSS., however, are older than the l(5th century.'

The following sketch represents, as farascan be gathered

from these heterogeneous sources, the principal features of

the Mandcean system. The ground and origin of all things

IS Pfrd, or more correctly PiJru rabbu, "the great abyss"

(either Persian Pir, "old," or from , "to split," comp.

the Gnostic ), associated with whom, and forming a

triad with him, are the primal feons Ayar ziva rabbii, " the

great shining tether," and Miind rabba d'ek^ril, "'the great

1 Jieisebeschreibung , part iv., Geneva, 1674.

• Vat/age au Levant, Paris, 1689.

• Reisen im Orient, ii.. 447 sx.

4 Liouffi, iludcs sur ta Religion . . . des Soubbas, Paris, 1880.

» Maudiean MSS. occur in the Britisli Museum, tlie Bodleian
Library, the Bibliotht'que Nationale of France, and also in Rome,
Weimar, and Berlin.

« The first printed edition and translation of the Sidrd rabbd, by
Mattb. Norberg {Codex iVn;nra'us, liber Adami appellatiis, 3 vols.,

Copenhagen, 1815-16, followed by a lexicon in 1816, and an onomas-
tlcon in 1817), is so defective as to be quite useless; even the name
Book of Adam is unknown to the Mandseans. Petermann's Tlie

taurus 8. Liber maguus, vultjo " Liber Adami " appellatus, opus .Va7i-

daorum eummi ponderis (2 vols., Leipsic, 1867), is an excellent
mtttallographic reproduction of the Paris MS. A critical edition

still remains a desideratum. Next in importance to the .Si(/rd rabbd

Is the Sidrd d' Yahyd.oi " Book of John," otherwise known as the

D'rischtd' Matk(,OT " Discourses of the Kings," which has not as

yet been printed^as awbole, although portions have been published

by Lorsbach and Tychsen (see Museum f.bibt.u. orient. Lit., ISOI,

and Staudlin's Beitr. z. Phil. u. Gesch. 'd. Relig. u. Sitlenlchre,

179« »(;.). The Koldstd (Ar., ATioMsa, "Quintessence"), or, accord-

tug to its fuller title Enydnl uderashf d'masbtithd unassekthA

(" Songs and Discourses of Baptism and the Ascent," viz., of the

soul after death) has been admirably lithographed by Euting
(Stuttgart, 1867). It is also known as Sidrd d'nesiimdtha," Book ot

9oul»," and beside hymns and doctrinal discourses contains
prayera to b« offered by the priests at sacrifice and at meals, as-

well aa other liturgical matter. The Mandaean marriage service

oocnri both in Paris and in Oxford as an independent MS. The
Diicdn, hitherto unpublished, contains the ritual for atonement.
The jl»/ar ma(uds/ii5. or " Book of the Zodiac," Is astrologiccl Of

•mailer pieces many are magic^ and used as amulets.

spirit of glory," usually called simply sfl-ini rabbi. The
last-named, the most prominent of the three, is the king

of light properly so called, from whom the development of

all things begins. From him emanates \'ardt?n:i rabba,

"the great Jordan," which, as the higher world soul,

permeates the whole tether, the doiimin of .Vyar. Along
side of MiJnit rabba frequent mention is made of D'nititha

his "image," as a female power; the name "image of tht

father" arises out of the same conception as that which

gives rise to the names of and among the

Greek Gnostics. Mdna rabbd called into being the higheet

of the reons properly so-called, Hayy6 Kadmdy^, "PrimaJ

Life," and then withdrewinto deepest secrecy, visibleindeed

to the highest but not to the lowest aeons (comp.

and ), yet manifesting himself also to the soula

of the more pious of the Mandoeans after their separation

from the body. Primal Life, who is properly speaking the

Manda?an god, has thesame predicates as the primal spirit,

and every prayer, as well as every section of the sacred

books begins by invoking him.' The extremely fantastic

delineation of the world of light by which Hayy6 Kadmdy^
is surrounded (see for example the beginning of Sidr6

ralihd) corresponds very closely with the Manichsean

description of the abode of the "king of the paradise oi

light." The king of light "sits in the far north in might

and glory." The Primal Light unfolds himself by five great

branches, viz., "the highest purest light, the gentle wind,

the harmony of sounds, the voice of all the teons, and the

beauty of their forms," all these being treated as abstrac-

tions and personified. Out of the further development
and combination of these primary manifestations arias

numerous aeons ('Uthr^," splendours," from , "is rich"),

of which the number is often stated to be three hundred

and sixty. They are divided into a number of classes

(kings, hypostases, forms, &c.) ; theproper names by which
they are invoked are many, and for the most partobscure,

borrowed doubtless, to some extent, from the Parses

angelology. From the First Life proceeds as a principal

CD' ar.ation the "Second Life," Hayy6 Tinyane, g-enerally

called Ytishami'n. This last name is evidently meant to

be Hebrew, "Jehovah of the heavens," the god of the

Jews being of a secondary rank in the usual Gnostic ntyle.

The next emajiation after Yushami'n is "the messenger of

life" (Manda d'hayy^, literally ), the most
important figure in the entire system, the mediator and
redeemer, the and the Christ of the Mandteans, from

whom, as already stated, they take their name. He is

occasionally also called the primal man, Gabni Kadmdya,

as in the Kabbala and by Mani. Yiishamfn desired to

raise himself above the Primal Light, but failed in the

attempt, and was punished by removal out of the pure

a-therial world into that of inferior light. The one world

is separated from the other by water channels (H'ffkii

Mayye). Mand;i on the other hand continues with the

First Life and Mand rabba, and iscalled his "beloved son,"

the" firstborn," "high priest," and "word of life." Mandd
makes his appearance in the visible world in a series of in-

carnations beginning with the three brothers Hibil, Shithil,

and Aniish (late Judaeo-Babylonian transformations of

the well-known names of the book of Genesis), and ending

with John the Baptist. Of the first three the most highly

honoured is Hibil, almost invariably referred to as "the

brilliant Hibil
; " he is the alter ego of Manda, his image in

this present world, having the same predicates and the

same activities, and is the Jesus Christ of the Mandaeans.

The Second Life, YiSshamfn, has as the last of three sons

Hayy6 t'lftdyg.the "Third Life," the mostdistinguished of

' The use of the word "life "In a personal sense is usual in

ticism; compare the of Valentin, and el-bay&t el-muai

lama, " the dark life," of Mani in the Fihrist.
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llie ' Utlir^, lience usually called their father (Ab<i d"Uthrd,
AbAthiir). His usual epithet is "the Ancient" ('AtikA);

and he is also called "the deeply hidden and guarded."

He stands on the borderland between the here and the

hereafter, like the mysterious TrpicrftvT-qi rpiro^ or ioicx

te.rlius of Mani, wiiose becoming visible will betoken the

end of the world. AbAthur sits on the furthest verge of

the world of light that lies towards the lower regions, and
weighs in his balance the deeds of the departed spirits who
ascend to him. Beneath him was originally nothing but

a huge void with muddy black water at tiie bottom, in

which his image was reflected, becoming ultimately solidified

into P'tihii, his son, who now partakes of the nature of

matter. The demiurge of the Mandceans, and correspond-

ing to the laldabaoth of the Ophites, he at the instance of

his father frames the earth and men,—according to some
passages in conjunction with the seven bad planetary

spirits. lie created Adam and Eve, but was unable to

make them stand upright, whereupon Hibil, Shithil, and

Anush were sent by the First Life to infuse into their forms

spirit from ManA rabbA himself. Hibil, at the instance of

the supreme God, also taught men about the world of

light and the seons, and especially gave them to know that

not P'tahll but another was their creator and supreme God,

who as " the great king of light, without number, without

limit," stands far above him. At the same time he enjoined

the protoplasts to marry and people the world. Ftahil had
now lost his power over men, and was driven by his father

out of the world of light into a place beneath it, whence he

shall at the day of judgment be raised, and after receiving

baptism be made king of the'Uthrd with divine honours.

The underworld is made up of four vestibules and three

hells properly so-called. The vestibules have each two
rulers, Zartay and Zartanaj', Hag and Mag, Gaf and
Gafan, Anatan and Kin. In the highest hell rules alone

the grisly king Sh'dum, "the warrior"; in the story

immediately beneath is Giv, " the great"; and in the lowest

is Knin or Karkum, the oldest and most powerful of all,

commonly called "the great mountain of flesh" (TurA

rabbA d'besrA), but also " the first-born of darkness." In

the vestibules dirty water is still to be met with, but the

hells are full of scorching consuming fire, except Krun's
domain, where is nought but dust, ashes, and vacancy.

Into these regions descended Kibil the brilliant, in the

power of MAnA rabbA, just as in the Manichsean mythology
the " primal man," arme^ with the elements of the king of

light, descends to a contest with the primal devil. Hibil

lingers, gradually unfolding his power, in each of the

vestibules, and finally passing from hell to hell reaches

Karkiim. Hibil allows himself to be half swallowed by
the monster, but is unhurt, and compels his antagonist to

recognize the superiority of ManA rabbA, tho God of light,

and to divulge his profoundest secret, the hidden name of

darkness. Armed with this he returns through the suc-

cessive hells, compelling the disclosure of every secret,

depriving the rulers of their power, and barring the doors
of the several regions. From the fourth vestibule he
brought the female devil RuhA, daughter of Kin, and set

her over the whole four. This RuhA, the mother of false-

hood and lies, of poisoning and fornication, is an anti-

Christian parody of the EuliA d'KudshA (Holy Spirit) of

the Syriac Church. She is the mother of Ur, tho
personified fire of hell, who in anger and pride made a
violent onset on the world of light (compare .the similar
occurrence iu tho Manicha-an mythology), but was
mastered by Hibil and thrown in chains down to the
" black water," and imprisoned within seven iron and seven
golden walls. By Ur, lUihA, while P'tAhil was engaged in

his work of creation, became mother of three sets of seven,
twelve, and five sons respectively ; all were translated by

P'tAhil to the heavenly firmament (like the Arclions of

Mani), the first group forming the planets and the next

the signs of the zodiac, while the third is as yet undeter-

mined. Of the names of the planets Estera (Istar, Venus,

also called EiihA d'KudshA, " holy spirit "), Enba (Xebo,
Mercury), Sin (moon), KdwAn (Saturn), Bll .(Jupiter),

and Nirig (Nirgal, Mars) reveal their Babylonian origin
;

II or II II, the sun, is also known as KAdush and Adiinay

(the Adonai of the Old Testament); as lord of the planetary

spirits his place is in the midst of them ; they are the

source of all temptation and evil amongst men. The
houses of the planets, as well as the earth and a second

world immediately to the north of it, rest unc i anvils laid

bv Hibil on the belly of Ur.

In the Mandaean represen'atiou the sky is an ocean of

water, pure and clear, but of more than adamantine solidity,

upon which the stars and planets sail. Its transparency

allow^s us to see even to the pole star, who is the central

sun around whom all the heavenly bodies move, ^yearing

a jewelled crown, he stands before AbAthur's door at the

gate of the world of light ; the Manda^ans accordingly

invariably pray with their faces turned northward. The
earth is conceived of as a round disk, slightly sloping

towards the south, surrounded on three sides by the sea but

on the north by a high mountain of turquoises ; behind

this is the abode of the blest, a sort of inferior paradise,

inhabited by the Egyptians drowned along with Pharaoh

in the Red Sea, whom the Mandseans look upon as their

ancestors, Pharaoh himself having been their first high

priest and king. The total duration of the earth they fix

at four hundred and eighty thousand years, divided into

seven epochs, in each of which one of the planets rules.

The Sidrd Rahhd knows of three total destructions of the

human race by fire and water, pestilence and sword, a

single pair alone surviving in each case. In the Mandasan

view the Old Testament saints are false prophets ; such are

Abraham, who arose six thousand years after Nu (Noah)

during the reign of the Sun, MishA (Moses), in whose time

the true religion was professed by the Egyptians, and

Shlimiin (Solomon) bar Davith, the lord of the demons.

Another false prophet and magician was Yishu M'shlhA,

who was in fact a manifestation of the planet Mercury.

Forty-two years before his day, under King Pontius Pilate,

there had appeared the true prophet YahyA or John son of

Zechariah, an incarnation of Hibil, of whose birth and child-

hood fantastic stories are told. Yahya by a mistake gave

baptism to the false Messiah, who had feigned humility;

on the completion of his mission, after undergoing a seeming

execution, he returned clothed with light into tho kingdom

of light. As a contemporary of YahyA and the fahe Messiah

Hibil'e younger brother Aniish 'UthrA came down from

heaven, caused himself to be baptized by YahyA, wrought

miracles of healing and of raising the dead, and brought

about tho crucifixionof the false Messiah. He preached the

true religion, destroyed Jerusalem (" Uiashlam," i.e., " th?

devil finished it"), which had been built by Adiinay, dispersed

over the world tho Jews who had put YahyA to death, and

previous to his return into the worlds of light sent forth

three hundred and sixty prophets for the difl'usion of the

true religion. All this speaks of intense hatred alike of

Jews and Christians; the fasts, celibacy, and monastic and

anchoret life of tho latter are peculiarly objectionable to

tho Mandc-eans. Two hundred and forty years after the

appearing of tho false Messiah there came to the world

sixty thousand saints out of Pharaoh's world to take the

place of the Manda'ans, who had been completely extirpated;

their high priest had his residence in Damascus. The last

false prophet was M'hammad or Ahmat bar Bisbat

(Mohammed), but Anush, who remained close beside him

and his immediate successors, prevented hostilities against
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tho true believers, who claim to have had in Babylonia,

under the Abbasides, four hundred placet of worehip.

Habaeqaeot peraecutioos compelled their withdrawal to

AmmArah in the neighbourhood of WAsit, and ultimately

to Khiizistdn. At the end of the world the devil Ur will

twallow up the eartii aud the other intermediate higher

.vorlds, and thereupon will burst and fall into the abyss

of darkness, where, along with all the worlds and powers

of darkness, he will ultimately cease to be, so that thence-

forward the universe will consist of but one everlasting

world of light.

Tlie chiuf depositaries of these jranJaan mvsteries are the priests,

who enjoy a high degree of power and social regard. The priest-

hood has three grades. (1) the Sh'kanda or deacon is generally

fhoscn from episcopal or priestly families, and must be without

bodily blemish. The candidate for orders must bo at least nineteen

yeai-s old and have undergone twelve years' preparation ; he is then

qualified to a5=;lst the priesthood in the ceremonies of religion.

(2) The Tamiida (i.e., "Talmida," initiated") or priest is ordainc^

by a bishop and two priests or ty four priests after a long and

extremely painful period of preparation. (31 The Ganrivrd

("treasurer ) or bishop, the highest dignitary, is chosen from the

whole body of the Tarmidas after a variety of tests, and possesses

nnlimited authority over the clergy A supreme priestly rank, that

of Rish 'amm;i, or " head of the people," is recognized, but only in

theory ; since the time of Pharaoh this sovereign pontificate has

only once been filled. Tlie priestly dress, which is all white, consists

of drawers, an npper garment, and a girdle with the so-called tdga

or " ffo»Tj"; in all certsmonie* the celebrants must be barefoot

By far the most frequent and important of the religious ceremonies

is that of baptism (masbiilha), which is called for in a great variety

of cases, not only for children bat for adults, where consecration or

purification is reijuired, as for example on all Sundays and feast

days,' after contact with a dead body, after return from abroad,

after neglect of any formality on tho part of a priest in the discharge

of his funetious. In all these cases baptism is performed by total

immersion in running water, but during the five days' baptismal

festival the rite is observed wholesale by mere sprinkling of large

masses of the faithful at once. The Mandxans observe also with

OB dements of bread (pehtA) and wine (mambuga, lit. "fountain")

a sort of eucharist, which has a special sanctifying efficacy, and is

nsually dispensed at festivals, 'but only to baptized persons of good

repute who have never willingly denied the Mandsean faith. In

receiving it the communicant must not touch the host with his

Sagcr ; otherwise it loses its virtue. The hosts are made by the

inesU from unleavened fine flour. A peculiar act of piety is for a

layman under the guidance of tho bishop to receive tho massektha

(" elevation"), and thereby become a sort of ascetic, a shalmana tibi

("really perfect"). The Mnndsean place.* of worship, being designed

only for the priests and their assistants, are excessively small,

and very simpiv furnished ; two windows, a door that opens

towards the south so that those who enter have their faces turned

towanls the pole star, a few boards in the corner, and a gabled roof

complete the whole structure ; there is neither altar nor decoration

of any kind. The neighbourhood of running water (for baptisms)

is essential. At the consecration of a church the sacrifice of a dove

(the bird of Venus) has place among the ceremonies. Besides

.Sundays there are si.K great feasts: (1 ) that of the New Year (Nauniz

rabba), on the first day of the first mouth of winter ; (2) Dehwd

h'nina, the anni?ersary of the happy return of Hibil Zivafrom the

kingdom of darlaiess into that of light, lasting five days, beginning

with the ISth of the first month of spring; (3) the Marwand, in com-

memoration of the drowned Egyptians, on the first day of tho second

month of spring; (4) the great five days' baptismal festival (pantsh.-i),

the chief feast, kept on tho five intercalary days at the end of the

second month of summer,—during its continuance every Mandtean,

male and female, must dress in white and bathe thrice daily
; (5)

Dehwd d'daimand, in honour of one of the three hundred and sixty

"UtKras, on the first day of the second month of autumn; (6) Kanshe

Zahld, the preparation feast, held on the last day of the year.
.
There

are also fas^ days called m'battal (Arab.), on which it is forbidden

to kill any living thing or eat flesh. The year is solar, and has twelve

months of thirty days each, with five intercalary days between the

eighth and the ninth month. Of the seven days of the week, next

to Sunday (habshabd) Thursday has a special sacredness as the day

)f Hibil Ziva. As regards secular occupation, tho present Mandxans

ire goldsmiths, ironworkers, and house and ship carjwnters. They

practise polygan^r, the Sidrd Jiabbd la}'ing great stress upon the

iaty of proereatioo, iiut few of them are rich enough to maintain

more than two wives. In the 17th century, according to tho old

travellers, they numbered about 20,000 families, but at the present

Jay they hardly number more than 1200 souls. In external

e.ppearaneo the Mandaean i« disUnguiahBd from the Moslem only

by d brown coat and a i.aiti-coloarwi headcloth with a cord twisted

round it. They have some peculiar death-bed ritea: a aeai'on wur
aome attendants waits upon the dying, and as death approachv^
administers a bath first cf wust and afterwards of cold water ; o

holy dress, consisting of seven pieces (rastd), is then put on ; th

feet are directed towards the north and the head turned to tht

soalh, BO that the body faces the pole star. After the burial a

funeral feast is held in the honae of mourning.
The Mandaiana are strictly reticent about their theological dog

mas in the presence of strangers ; and the knowledge they actually

possess of these is extremely small. The foundation of the system

is obviously to be sought in Gnosticism, and more particularly in

the older typo of that doctrine (known from the serpent symbol a^

Ophite or ixaassene) which obtained in Mesopotamia and Furthci

Asia generally. Bat it is equally plain that the Ophite nucleus

has from time to time received very niir.erous and often curi

ously perverted accretions from Babylonian Judaism, Oriental

Christianity, and Parsism, exhibiting a striking example ol

religious syncretism. In the Gnostic basis itself it is not difficult

to recognize the general features of tho religion of ancient Baoj
Ionia, and thus we are brought nearer a solution of the problem a?

to the origin of Gnosticism in general. It is certain that Babylonia,

the seat of the present Manda;aus, must be regarded al.so as the

cradle in which their system was reared ; it is impossible to think

of them as coming from Palestine, or to attribute to their doctrines a

Jewish or Christian origin. They do not spring historically from the-

disciples ofJohn the Baptist (Acts xviii. 25; six. 3sg. ; Recog.Clan.,

i. 54) ; the tradition in which he aud the Jordan figure so largely is

not original, and is therefore worthless ; at the same time it is truf

that their baptismal praxis and its interpretation place them in tht

same religious group with the Hemerobaptists of Eu3ebiu3(ff. .S.,iv.

22)andEpiphanius(ffffir.,xvii.), or with the sect of disciples ofJohn

who remained apart from Christianity. Their reverence for John is

of a piece with their whole sj-ncretizing attitude towards the Xew
Testament. Indeed, as has been seen, they appropriate the entire

personale of the Bible from Adam, Seth, Abel, Enos, and Pharaoh

to Jesus and John, a phenomenon which bears witness to the clost

relations of the Jlanda;an doctrine, at the time of its formation,

both with Judaism and Christianity,—not the less close because

they were relations of hostility. Tho history of religion present,'

other examples of the degradation of holy to demonic figures on

occasion of religious schism. The use of the word "Jordan," even

ia the plural, for " sacred water," is prsfisely similar to that bj

the Naassenes described in the Philosophumcna (v. 7) ; theie

6 fiiyai 'lopSiy-ns denotes the spiritualizing, sanctifying fluid

which pervades the world of light. The notions of the Egyptian>

and the Red Sea, according to the same work (v. 16), are used b^

the Peratae much as by the JIandteans. And the poaitiun asai^eo

by the Sethians (27j9ioto0 to Seth is precisely similar to'that given

by the Mandaeans to Abel. Both alike are merely old Babylonian

divinities in a new Biblical garb. The genesis of JIandseism and

the older gnosis from the old and elaborate Babylonio-Chaldrean

religion is clearly seen also in the fact that the names of the old

pantheon (as for example those of the planetary divinities) are re-

tained, but their holders degraded to the positionof demons,—a con-

clusion confirmed by tho fact that the Mandaeans, like tho allied

Ophites, Pei-ataB, and Manichseans, certainly have their original seat

in Mesopotamia and Babylonia. Great caution is nccessar)', in the

present state of our knowledge, in the use made of the results ol

cuneiform decipherment in relation to Babylonian mythology ; but

so much seems clear, that tlie trinity of Anu, Bil, and Ea in the

old Babylonian religion has its counterpart in the Mand^an Pii-a,

Ayar, and Mdna rabb.d. The D'mutha of Mand is the Damkina,

the wife of £a, mentioned by Daniascius as Aauicr), wife of 'Ao's.

Manda d'hayye and his image Hibil Ziva with his incaruationt

clearly correspond with the old Babylonian Marduk, Mero
dach, the "first-born" son of Ea, with his incarnations, tl>6

chief divinity of the city of Babylon, the mediator and re-

deemer in the old religion. Hibil's contest with darkness has it;-

prototype in Mardnk's battle with chaos, the dragon Tiamat, which

(another striking parallel) partially swallows Marduk, just as i«

related of Hibil and the Manichsean primal man. Other features

are borrowed by the ilandrean mythology under this head from tho

well-known epos of Istar's desccjistts ad inferos. The sanctity with

which water is invested by the Mandxans is to be explained by

this fact that Ea has his seat "in the depths of the world sea.

"

Compare K. Kcsslei'B article "JlanUaer" in Herzoc-Pli't's Reat-rveyHopadie,

and tlie same author's paper, " Ueber Gnosis u. altbabylonische Religion," in th*

AMandh. d. fun/un inttmationahn OrieiKalislen-congretses !u Berlin fUcrUn,

18S2J. (K. K.)

MAXDALAY, the capital of Independent Burmah, i»

situated about 2 miles from the left bank of the Irawatji

river, in 21° 59' N. lat. and 96° 8' E. long. It wa»

founded by the king of Burmah, who transferred to it the

seat of government from Amarapura in 1860. The dtj

proper is laid out .in a square, each side of which is a

little over a mile in length. It is enclosed by a crenel
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rated brick r.all 26 feet high ami 3 feet thick; the twch'O

y-ites (tliroo on each side) are surmounted with wooden

watcii-towers. A deep wet moat, 100 feet broad, with its

escarp 60 feet from the walls, extends along all four sides
;

it is crossed by live bridges. The palace of the lang

occupies the central space of the city ; the walls of its en-

closure are laid symmetrically with those of the city, and

each face is about 370 yards in length. The outer fence

consists of a stockade of teak-wood posts 20 feet high,

and within it are thtee successive c^iclosure.s, bounded by

brick walls. The palace is built within the inner enclosure
;

aud its front, which faces the east, contains the great 'hall

uf audience, 2G0 feet long, composed of teak timber, elabo-

rately carved and gilded, erected on a terrace of brickwork

10 feet high. It is in the form of a colonnade, the central

part ru|ining back, forming a navo with two side aisles. At

the extremity of this nave is a space like a chancel (said

to be the exact centre of the city) where stands the throne,

over which rises a graceful gilded spire, visible from all

parts of the city and surrounding country. Another feature

of the complex palace buildings is the lofty campanile.

Around the palace walls a wide space has been laid out as

an esplanade, on the further margin of which are situated

most of the houses of the princes, ministers of state, and

court oSicials. The city may bo said to consist of two parts,

intramural and extramural ; the streets in the former run

l)arallel with the walls, dividing the building sites into rect-

angular blocks. Tlie majority of the houses are constructed

of Ijamboos and bamboo matting, slightly raised from the

ground on posts, with here and there a few brick and

wooden buildings. The streets inside the city are very

wide, the principal ones being lined with tamarind trees.

In the suburbs the roads are laid out with something of the

same regularity as in the city, but arc of less width, with,

the exception of the principal road, the Kuladan or foreign

quarter, inhabited chiefly by Armenians, JIughals, and
the few European residents. The number of houses in

the city and suburbs is said to be, in round numbers,

12,000; and the population is roughly estimated at

G5,000. Monasteries and pagodas are dotted about in

open spaces, both within and without tho walls. Silk-

weaving is the principal manufacture.
Seo Fytcho, Burma Past and Present, 1878.

MANDAMUS, Writ of, in English law, is usually

described as a high prerogative writ, containing a command
in the name of the king, and issuing from the King's

Bench, directad to persons, corporations, and inferior courts,

ordering them to do a specific act within the duty of their

office. Direct orders from the sovereign to subjects com-

manding the performance of particular acts were common
in early times, and to this class of orders mandamus
originally belonged. It became customary for the Court

of King's BenCA in cases where a legal duty was established

but no sufficient.means existed for enforcing it, to order

IHjrformance by 'this writ. At all times, accordingly,

mandamus has been regarded as of the nature of an
equitable interference supplementing the deficiencies of

the common law. When the object sought could be
equally well obtained by other means, as by an action, or

liy any other form of proceedings, then mandamus would
not lie. A further condifion of mandamus at common law
was that it lay only for the performance of acts of a public

or official character. The enforcement of merely private

obligations, such as those arising from contracts, was not

within its scope. Further, tho interference of the court

could only be obtained when there was no doubt of the

existence of the duty, or when performance had been
demanded and refused. Nor would the writ be. issued

when performance had become impossible. By tho

Common Law Procedure Act, 1854, the plaintiff iu any

action other than replevin and ejectment was entitled to

claim a writ of mandamus to compel the defendant to

discharge any duty in which the plaintiflf might show that

he was personally interested, or from the non-performance

of which he might sustain damage. The duties so

enforceable must, however, be of a public character. By

tho Judicature Act, 1873, a mandamus may be granted by

an interlocutory order of the court in all cases in which if

shall appear to tho court to be just and convenient, and

subject to such terms and conditions, if any, as the court

shall think just. Under this section it has been held that

the court (which now includes what. was formerly the

Court of Chancery) has power to issue a writ of mandamus
in any cause or matter pending before it, but when tho

cause is at an end the power is gone. And it has also

been held that, when tho circumstances are such as would

form ground for an application for the old prerogative writ

of mandamus, the application must be made to the Queen's

Bench division, which has taken the place of the Court of

Queen's Bench on tho old system. The jurisdiction of tho

Court of Chancery to compel specific performance of con-

tracts has some resemblance to mandamus in the domain

of semi-public law. For a collection of the cases in which

the prerogative writ of mandamus will or will not lie,

reference may be made to Tapping Oii, Mandamus, and to

Selwyn's Nisi Piins, art. "Mandamus."
The writ has passed into the law of tlie United States. "Tliero

13 in tlie federal jiuliciaiy an cniploynient of the writ substantially

lis the old prerogative wiit in the King's Deucli practice, also as a

mode of exercising aiiptdlate jurisdiction, also as a proceediii"

ancillary to a judgmeut previously rendered, in exercise of original

jnrisdiction, lus \\no\\ a circuit court having rendered a judgment
against a county issues a mandamus requiring its officers to levy a

tax to provide for the payment of the judgment." And in th'o

various States mandamus is used under varying regulations, man-
date being in some cases substituted as the name of the proceeding.

See Abbott's Law Dictionary.

MANDATE (Mandatum). The contract of mandatum
in Roman law was constituted by one person (the

mandatarius) promising to do something gratuitously at

the request of another (tho mandator), who undertakes to

indemnify him against loss. The jurist distinguished the

different cases of mandatum according as the object of the

contract was the benefit of the mandator or a third person

singly, or the mandator and a thira person, the mandator

and the mandatarius, or the mandatarius and a third person

together. When the benefit was that of tho mandatarius

alone, the obligations of the contract were held not to

arise, although the form of the contract might exist, the

commission being held to be merely advice tendered to the

mandatarius, and acted on by him at his own risk.

Mandatum was classified as one of the contracts established

by consent of the parties alone ; but, as there was really no

obligation of any kind until tho mandatarius had acted on

the.mandate, it has with more propriety been referred tc

the contracts created by tho supply of some fact (re). The
obligations of the mandatarius under the contract were,

briefly, to do what he had promised according to his

instructions, observing ordinary diligence in taking care of

any property entrusted to him, and handing over to his

principal the results of his action, including the right to

sue in his name. On tho other hand, tho principal was

bound to recoup him his expenses and indemnify him
against loss through obligations he might have incurred.

The essentials and the terminology of the contract are preserved

in most modern systems of law. But in English law mandate,

under that name, can hardly bo said to exist >as a separate form of

contract. To some extent the law of mandatum corresponds p,irtly

to our law of principal and agent, partly to that of principal ana

surety. Story, disputing tho assertion that "in the laws of

England the contract of mandatum is of no use," points out that

"tho common law does not indeed comprehend under that appella

tion all the contract.s of mandate according to the civil law,—such,
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for exam pie, a9 mere naked acts of agency, where there is no bailment

of anything to the agent. But for the most part the principles

applicable to all the various classes of inamlate liavo a place iu our

law, although they may be dilTcrently nameJ." The difference,

however, is more than one of name. English law in this as in other

cases reaches its end by a different method through different prin-

ciples from those of the civil law, though the end may be the same.

Mandate is retained by Story and otliers to signify the contract

more generally known as gratuitous bailment. It is restricted, as

he points out, to personal property, anil it implies the delivery of

something to the bailee, both of which conditions are unknown in

the mandatum of the ciril law. Jlandate in this later sense is

further distinguished from deposit in that the custody of the thing

is the principal object of the latter contract, while in the former it

is something to be done with respect to the thing, though Story

holds that custody and performance concur in both contracts,

—this by way of correction of Sir W. Jones's distinction that

mandate consists in feasance and deposit ia custody.

MANDEVILLE, Bernard de (1670-X733), is generally

known ag an ethical writer of debasing and degrading

tendency, but ho was at lea-st as much of a humorist as

a philosopher, and set up as an analyst of "what is,"

repeatedly disavowing all pretensions as a lawgiver of

"what ought to be." Ho was a foreigner by birth, a

native of Rotterdam, where his father practised as a

[ihysician for thirty years. A remarkably eloquent school-

boy exercise, De Medicina Oratio Scholastica, was printed

for liim at Rotterdam in 1685. Hs studied for sis years

at Leyden, and took his degree in medicine in 1G91, his

inaugural thesis being De Chylosi Vitiata. Immediately

afterwards he camo over to England "to learn the

language," which he did to some purpose, writing it with

Buch mastery as to throw doubts upon his foreign extrac-

tion. He settled in London as a physician. The Fable

of the Bees is the general title of the miscellaneous work

by which he is known to fame. This work includes the

fable proper. The Grumhling Hive, or Knaves Ttiriied

Honest (some two hundred doggerel couplets, published as

a sixpenny pamphlet and pirated as a halfpenny sheet in

1705); Bernards on tho fablo and An Inquiry into the

Origin of Moral Virtue, added to the edition of 1714 ; An
Essay on Charity Schools, and A Search into the Origin of
Society, added to the edition of 1723. Owing to a curious

misprint in an edition published after MandeviUe's death,

a wrong date is commonly assigned to the Grumhling Hive,

and the contemporary point of it consequently missed. It

appeared during tho heat of the bitterly contested elections

of 1705, when the question before the country was whether

Marlborough's war with France should be continued. The
cry of the high Tory advocates of peace was that the war
was carried on purely in tho interests of the general and
the men in office ; charges of bribery, peculation, hypocrisy,

every form of fraud and dishonesty, were freely cast about

among the electors. It was amidst this excitement that

Mandeville sought and found an audience for his grimly

humorous paradox that "private vices arc public benefits,"

—

that individual self-seeking, ambition, greed, vanity, luxury,

are indispensable to tho prosperity and greatness of a nation.

" Fools only strive to make a great an honest hive." Tho
bees of his ^able grumbled as many Englishmen were 'dis-

posed to do,
—" cursed politicians, armies, fleets," whenever

there came a reverse, and cried, " Had we but honesty !

"

Jove at last in a passion swore that he would " rid tho

bawling hive of fraud," and iilled the hearts of the bees

with honesty and all the virtues, strict justice, frugal living,

contentment with little, acquiescence , in the insults of

enemies. Straightway the flourishing hive declined, till

ia time only a small remnant was left ; this took refuge

in a hollow tree, "blest with content and honesty," but
destitute of arts and manufactures. The Grumbling Hive
was in fact a political j>!« d'esprit, full of the impartial

mockery that might be expected from a humorous foreigner,

and with as much ethical theory underlying it as might be

expected from a highly educated man in an age of acti*o

ethical speculation. The underlying theory was made
explicit in the liemarJcs and the Inquiry into the Origin

of Moral Virtue, published in 1714. But his purpose in

dwelling on the text that private vices are public benefits

was still rather the invention of hamorous paradoxes than

the elaboration of serious theory. Dr Johnson, who owned
that Mandeville " opened his views into real life very

much," considered that the fallacy of his argument lay in

his defining neither vices nor benefits. But such a

criticism as this overlooks the hinge on which all

MandeviUe's paradoxes turn. 'He does define Tirtoe and

vice very precisely, in accordance^ with tho current

orthodo.xy of tho time. He " gives the name of virtue to

every performance by which man, contrary to tho impulse

of nature, should endeavour the benefit of others, or the

conquest of his own passions, out of a rational ambition of

being good"; while "everything which, without regard to

the public, man should commit to gratify any of his

appetites" is vice. His paradoxical humour has amp'p

scope in tracing how much vice and how little virtue

there is in the world, when the terms are thus strictly

defined. Ho finds eelf-lovo (a vic« by the definition)

masquerading iu many virtuous disguises, lying at the root

of asceticism, heroism, public spirit, decorous conduct,— at

the root, in short, of all the actions that pass current as

virtuous. These actions are not virtuous by the definition,

because not performed solely " out of a rational ambition

of being good." " This is the way," Dr Johnson says, " to

try what is vicious, by ascertaining whether more evil

than good is produced by it on the whole." Mandeville

would at once have admitted this, but his definition com-,

pelled him, in determining virtue and vice, to consider also

the motive. And having regard to the motive, "th"

nearer we search into human nature, the more we shall be

convinced that tho moral virtues are the political offspring

which flattery begot upon pride." Man, " au extraordinary

selfish and headstrong as well as a cunning animal," has

been induced to subordinate his own appetites to the good

of others, by the dexterous management of politicians and

moralists, who have worked upon his pride to persuade

him that self-indulgence is worthy only of the brutes, and

altogether "unbecoming tho dignity of such a sublime

creature as himself." When Mandeville, in the 1723

edition of the fable, applied his analysis of self-regarding

motives to the institution of charity schools, at that time

a highly fashionable form of munificence, a great outcry

w.as made against his doctrines ; his book was presented to

the justices by the grand jury of Middlesex as being of an

immoral and pernicious tendency, and a copy was condemned

to be burnt by the common hangman. MandeviUe's defence

of himself was that his remarks were "designed for the

entertainment of people of knowledge and education," and

that his inquiry could hardly be intelligible except to those

accustomed to matters of speculation ; and he claimed that

he had " diverted persons of great probity and virtue and

unquestionable good sense." The truth is that, to be

rightly understood, the prose part of MandeviUe's fable

most be read in connexion with Lord Shaftesbury's ethical

writings ; the intention to ridicule the amiable but some-

what feebly reasoned theories of that moralist is most

apparent in the Search into the Origin of Society, but

many lurking references may be detected elsewhere If

Mandeville were taken seriously, he would certainly be

open to tho charge of conveying the impression that tho^e

who restrain their appetites and sacrifice jiersonal intare.--^4

for the public good make fools of themselves, and are the

dupes of a designing society. ' But his main purpose seems

to have been to entertain himself and others at the eipon^n

of more serious but less (inick-witted theorizers
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Besides Lis political and philosoiihical parerga, Mandeville

wrote, ia 1711, a medical treatise, Of Uie Ilypochondi-iack

and Ilysterick Passions—their symptoms, causes, and cures.

The treatise is ia the form of a dialogue, and is "inter-

spersed with instructive discourses on the real art of physic

itself, and entertaining remarks o\i the modern practice of

physicians and apothecaries." In this, with the same
entertaining style and clear and subtle judgment, he pro-

tests against and ridicules speculative therapeutics, and
pleads for patient diagnosis and careful observation and
record of facts, His owu theories about the animal spirits

and their connexion with "the stomachic ferment" are fanci-

ful enough, but ho shows an intinftte acquaintance with the

scientific methods of Locke, and a warm admiration for

Sydenham. The Virgin Unmasked ; Free Thoughts 07i

Religion, the Church, and Xationttl Happiness; An
Inquiry into the Causes of the frc'qnent Executions at

Tybtirn ; An Inquiry into the Origin of Honour, and
Usefulness of Christianity in War—are titles of other

works of Mandeville ; but all that is characteristic of him
as a thinker and humorist may be found in the Fable of

the Bees. (w. m.)

MANDEVILijE, Jehan de, the name claimed by the

compiler of a singular book of travels, written in French,

and published between 1357 and 1371. By aid of trans-

lations into many other languages it acquired extraordinary

popularity, while a few interpolated words in a particular

edition of the English version have gained for Mandeville

in modera times the spurious credit of being "tiie father

of English prose."

In his preface the compiler calls himself a knight, and

states that he was born and bred in England, of the town
of St Albans ; had crossed the sea on Michaelmas Day
1322; had travelled by way of Turkey (Asia Minor),

Armenia the little (Cilicia) and the great, Tartary, Persia,

Syria, Arabia, Egypt upper and lower, Libya, great part of

Ethiopia, Chaldsea, Amazonia, India the less, the greater,

and the middle, and many countries about India; had
often been to Jerusalem ; and had written in Romance as

more generally und-erstood than Latin. In the body of

the work -.re hear that he had been at Paris and Con-
stantinople ; had served the sultan of Egypt a long time

in his wars against the Bedouins, had been freely addressed

by him on the corruption of contemporary Christendom,

had been vainly offered by him a princely marriage and a

great estate on condition of renouncing Christianityj and
had left Egypt under Sultan Melech Madabron, i.e.,

Muzaffar or MudhafEar^ (who reigned in 1346-47); had
been at Mount Sinai, and had visited the Holy Land with

letters under the great seal of the eultan, which gave him
extraordinary facilities ; had been in Russia, Livonia,

Cracow, Lithuania, "enroialme daresten" (He Daresten

or Silistria), and many other parts near Tartary, but not

ill Tartary itself ; had drunk of the well of youth at

Polombe (Quilon on the Malabar coast), and still seemed to

feel the better ; had taken astronomical observations on
the way to Lamary (Sumatra), as well as in Brabant,

Germany, Bohemia, and still farther north ; had been at

an isle called Pathen in the Indian Ocean ; had been at

Cansay (Hangchow-fu) in China, and had served the emperor
of China fifteen months against the king of Manzi ; had been
among rocks of adamant in the Indian Ocean ; had been
through an haunted valley, which he places near Millo-

storach ( = Millescorath, i.e., Malasgird in Armenia); had
been at many great feats of arms, but had been incapable
of performing any himself ; had been driven home against

his will in 1357 by arthritic gout (despite the well of

' The 0)1 iu Madabron apparently represents the Ava'no punation,
tliough its use iu sucli a case U very odd.

ir,-iH"

youth !) ; and had written his book as a consolation for his
" wretched rest." The paragraph which states that hi
had had his book confirmed at Rome by the pop-i is, how
ever, an interpolation of the English version.

This recital is of itself enough to provoke some little

questioning, and on investigating^the sources of the book
it will presently be obvious that part at least of the per

sonal history of Mandeville is mere invention. Undei
these circumstances the truth of any part of that history,

and even the genuineness of the compiler's name, becom<)

matter for serious doubt. No contemporary corroboration

of the existence of such a Jehan de Mandeville seems to

be known. Some French MSS., not contemporary, give a

Latin letter of presentation from him to Edward III., but

this is so hop=ilessly vague that it might have beer

penned by any writer on any subject. At Li^ge, in the

abbey of the Guilelmites, now pulled down, there ce>tainly

was in the 16th century a tomb of a man in armour said

to be Mandeville; but the 'old French inscription showed
no name, and fho arms were quite unlike those of the

Mandevilles, earls of Essex ; while the Latin inscription,

stating that the tomb was Mandeville's, and that he died

at Lid'ge on November 17, 1371, is not only apparently

much later in style, but confounds him with a physician

called "ad Barbam," who is said in a printed Latin

edition of JIandeville to have met him first at Cairo and

again at Lidge, and to have persuaded and helped him to

writ© his travels."

Leaving this question, there remains the more complex

one whether the book contains, in any measure, facts and

knowledge acquired by actual travels and residence in the

East. We believe that it may, but only as a small por-

tion of the whole, and that confined entirely to the section

of the work which treats of the Holy Land, and of the

different ways of getting thither, as well as of Egypt, and

in general of what we understand by the Levunt.

The prologue indeed points almost exclusively to the

Holy Land as the subject of the work. The mention of

more distant regions comes in only towards the end of this

prologue, and (in a manner) as an afterthought. As
regards tho writer's claim to have travelled in those more

distant regions, it is somewhat astonishing to find that any

modern editor could have regarded this as possibly founded

in truth. And the apology sometimes made for the book,

as only a compilation of what was regarded as truth in the

writer's age, is not tenable in the face of the frequent

assertion (explicit or implicit) that he had himself been in

the remotest regions spoken of, and had witnessed some of

the most marvellous circumstances that he details. To
this we shall recur later, for the bearing of these slate-

nienls can only be appreciated when the true derivation

of the matter about the further East shall Lave been

exhibited.

By far the greater part of these more distant travels, extending

in fact from Trcbizond to Ormus, India, the Indian Archipelago,

and China, and back again to western Asia, has been appropriated

from the narrative of Friar Odoric (written in 1330). These passages,

as served up by Mandeville, are almost always, indeed, swollen with

interpolated particulars, usually of an extravagant kind, wliilst in

no few cases the writer has failed to understand the passages which

he adopts from Odoric and professes to give as his own experiences.

Thus (p. 193)' in appropriating a passage of Odoric about tortoises

- This physician is called in a French MS. "Jehan de Bourgoigno

dit a la Barbe." M. Michelant once saw the title of a medical oi

botanical treatise bearing the name of Jehan de Bourgoigne. Can he

also have written these travels under a feigned name ?

' Page indications like this refer to passages in the 1866 re-issue

of Halliwell's edition, as being the most ready of access. But all

these passages have also been veritied as substantially occurring in the

French MS. from Lord Ashburnham's library mentioned below (of

1371 A.D.), cited A, and in that numbered xxxix. of the Grenville

collection (B. M.), which dates jirobably from the early part of the

ISth century, cited G.
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jf great size, seen in Champs, these are described as "snails"

[lymccoiis. A., limassons, G. ) nbose shells were as big as cottages.

In another place (p. 209), where Odoric has given a most curious

md veracious account of the Chinese custom of employing tame

cormorants to catch fish, the cormorants are converted by Mandc-

»i!le into " little beasts called loyres (layre. A.), which are taught

to go into the water " (the word loyre being apparently used hero

for " otter, " liUra, for which the ProTen9al is luria or loiria).

Where Odoric, describing the court of the Great -Khan, mentions

the genuine Tartar custom which forbade any man in entering to

set down his foot on the threshold of the door (an etiquette which

P. della Yalle found still in force at Ispahan in the 17th century),

MandevUle quite fails to understand the point (see p. 220).

At a very early date the coincidence of^5Iande\-iIlc's stories with

those of Odoric was recognized, insomuch that a MS. of Odoric,

which is or was in the chapter library at Mainz, begins with the

words : Incipil lUiurarius fidelis/ratris Odorici socii Militis Men-
davU per Indiam; licet hie [read j'H«] prius et alter posteriics

pcregriimtionetn suam dcscripsit. At a later day Sir T. Herbert

calls Odoric " travelling companion of our Sir John "
; and Parchas,

with most perverse injustice, whilst calling Mande\'ille, next to'

Polo, " if next, . . . • the greatest Asian traveller that ever the

world had," insinuates that Odoric's story was stolen from
Mandeville's. Mandeville himself is crafty enoi^gh, at least in one

passage, to anticipate criticism by suggesting the probability of his

having travelled with Odoric (see p. 282, and below).

Much again of Mandeville's matter, particularly in Asiatic geo-

graphy and history, is taken bodily from the book of Hayton, an
Armenian of princely family, who became a monk of the Proamon-
etrant order, and in 1307 dictated this work on the East in the

French tongue at Poictiers, ontof his own extraordinary acquaint-

ance with Asia and its history in his own time.

It is cnrious that no passage in Mandeville can he plausibly

traced to Marco Polo, with one exception. This is (p. 163) where
he states that at Ormus the people, during the great heat, lie in

water,—a circumstance mentioned by Polo, though not by Odoric.

VTe should suppose it most likely that this fact had been
interpolated in the copy of Odoric used by Mandeville ; for,

if he had borrowed it direct from Polo, he would have borrowed
more.
A good deal about the manners and customs of the Tartars is

demonstrably derived from the famous work of the Franciscan JoV.n

of Piano Carpini (see Carpixi, vol. v. p. 132), though possibly

the immediate source for Mandeville may have been some populai
compilation. For though the passages in question are all to be
found in Carpini, more or less exactly, the expression is condensed
and the order changed. For examples compare Mandeville, p. 250,

on the tasks done by Tartar women, with Piano Carpini, p. 643 ;'

Mandeville, p. 250, on Tartar habits of eating, with Piano Carpini

pp. 639-40 ; Mandeville, p. 231, on the titles borne on the seals of
the Great Khan, with Piano Carpini, p. 715, &c.

The account of Prester John, and all the wonders of his court
ind realm, is taken from the famous Epistle of that imaginary
potentate, which was so widely diffused in the 13th century, and
created that renown which made it incumbent on every traveller in

Asia to assume his existence, and to find some new tale to tell of
him. Many fabulous stories again of monsters, such as Cyclopes,
sciapbdes, hippopodes, monoscelides, anthropophagi, and men
whose heads did grow beneath their shoulders, of the phfenix and
the weeping crocodile, such as Pliny has collected, are introduced
here and there, derived no doubt from the popular versions of

SolinnS. And interspersed, especially in the chapters about the
Levant, are the stories and legends that were retailed to every
pilgrim, such as the legend of Seth and the grains of paradise from
which grew the wood of the cross, that of the shooting of old Cain
by Lamech, that of the castle of the sparrow-hawk (which appears
in the tale of Melnsina), those of the origin of the balsam
plants at Matariya, of the dragon of Cos, of the river Sabhation,
&c.
Even in that part of the book which may be adm-ltted with prob-

ability to represent some genuine experience, there are distinct
traces that another work has been made use of, more or less, as an
aid in the compilation, we might almost say as a framework to fill

up. This is the itinerary of the German knight William of Bolden-
sele, written in 1336 at the desire of Cardinal Talleyrand de Peri-
gord.- A cursory comparison of this with Mandeville leaves no
donbt of the fact that the latter has followed its thread, using its

suggestions, and on many subjects its expressions, though digress-
ing and expanding on every side, and too often eliminating the
singular good sense of the German traveller. After such a compari-
son we may indicate as examples Boldensele's account of Cyprus
(Mandeville, p. 28, and p. 10), of Tyre and the coast of Palestine
'Mandeville, 29,30, 33, 34), of the journey from Gaza to Egypt (31),

' Viz., In D'Avezac's ed. in torn. ir. of Rec. dt Voyagu a de Uemoiru, pub by
theSoc. deG^og., 1S39. •

f i

» It is found in the Thiiawus of CanUios, ICOt, V. pt. ii. P. 95, and io ed, of
aamo by Basnige, 172S. iv. 337- ."

••».

passages about Babylon of Egypt (40V about ijiccca (42), tno
general account of Egypt (41), tne pyramids (52), some of

the Particular wonders of Cairo, such as the slave-market, the
chii^ken-hatching stoves, and the apples of paradise, i.e., plantair.s

(49), the Red Sea (57), the convent on Sinai (68, 60), the account
of the church of the Holy Sepulchre (74-76), kc. The following
may be quoted as a specimen, showing how Mandeville has at once
followed Boldensele and deviated from his good sense :

—

Sotdensele (cd. Basnagc, p. 345). Mandeville (p. 62).

"Sunt plura antiquorum mouumenta, "Now also I shall «r'_ak of another
figurse pyramidalis, inter quaa sunt duo thing . . . thit Is to *ay of the Garnei-fl

mtrfe magnitudinb et altitudlnis, de of Josept. that h« caused to be made.
nioximis l.-.r''ibu9 et politis. In quibus \ . . Anf"' th-/ be made of stone, full

Invenisciipturasdivorsorum Idiomatuin. well tnride of mason'a craft: of which
. . . I)icunt simplicea hsec maxima two be maivellouiily great and blprh.

monumenta fuisse granaila Pharaonls, and the ollu-r i^not so great. . . . And
et sic ea appellant, quod vei-um Tiullo above the Gamers, ulthout, be many
modo eat; quia nee ad iniponendam scriptures of divii-s langiuiges. Anil
nee ad servandam annonam . . . locus some say that they are sepulchres of
In Ipsispyramidibus aptusdeprehcnditur great Lords . . , but that ia not true;
. , . vejum quod monumenta sunt,"ic, fur all the common mmour and speech

Is . . . that they be the Gamers of
Joseph,"

It will be seen from these inaications, ana more particularly from
the specific analysis given below, that there is only a small residnura
of the book to which genuine character, as containing the experi-

ences of the author, can possibly be attributed. Yet, as lias been,

intimated, the borrowed stories are frequently claimed as such
experiences. ^Ve have already alluded to Mandeville's claim (p. 4)
to have visited distant parts of Asia ; to have drunk of the Foun-
tain of Youth, a favourite medieval fable which he interpolates in

Odoric's account of Malabar(169) ; to his assertion that he had
visited Lamary (Sumatra), and indeed that he had gone beyond it to

33° 16' of S. lat. (181-82) ; and that he had been at a certain other
island in the Indian Archipelago (190). He alleges also that he
had witnessed the curious exhibition of the garden of transmigrated
souls (described by Odoric) at Cansay, i.e., Hangchow-fu (211).

He and his fellows with their valets had remained fifteen months
in service with the emperor of Cathay in his ware against the king
of Manzi,—Manzi, or Southern China, having ceased to have any
existence as a separate kingdom some seventy years before the time
referred to. Similar false statements are found at pp. 219, 235,

248, 271. But the most notable of these passages occurs in his

adoption from Odoric of the story of the Valley Perilous (232).

This is, in its original form, apparently founded on real exjierif aces

of Odoric viewed through a haza of excitement and superstition.

Mandeville, whilst swelling the wonders of the tale with a variety

of extravagant touches, appears to safeguard himself from the
reader's possible discovery that the tale was stolen by the interpola-

tion: "And some of our fellows accorded to euter, and some not. So
there were with us two worthy men. Friars Minor, that were of Lom-
bardy, who said that if any man would enter they would go iu with
us. And when they had said so, upon the gracious trust of God
and of them, we caused mass to be sung, and made every man to

be shriven and housclled ; and then we entered, fourteen persons
;

but at our going out we were but nine," kc.

In referring to this passage it is only fair to recognize that the
description (though the suggestion of the greatest part exists in

Odoric) displays a good deal of imaginative power ; and there is

much in the account of Christian's passag? through the Valley of

the Shadow of Death, in Buuyan's famous allegory, which indicates

a possibility that .Tahn Bunyan may have nad and remembered this

episode either in Manderille or in Hakluyi's Odoric.

Snoh a passage, however, as that which we recently quoted, and
which appears to exist in all the MSS. and versions tliat have been
examined, leaves no room for the rehabilitation of Mandeville'a

character as regards conscious mendacity. But it does not neces-

sarily follow that the whole work is borrowed or fictitious.

There are other examples in medieval works of travel in which
fiction has been linked to true experiences. Even the great

Moorish traveller Ibn Batuta, accurate and veracious in the main,
seems, in one part at least of his narrative, to invent experiences

;

and in such works as those of John of Hese and Aj'nold von Harff,

we have examples of pilgrims to the Holy Land whose narratives

begin apparently in sober truth, and gradually pass into flourishes

of fiction and extravagance So in Mandeville also we find various

particulars which we are unable to trace to other writers, and which

may therefore be, provisionally at least, assigned to the writer's

own experience, or to knowledge acquired by colloquial intercourse

in the East.

It is difficult to decide on the character of his statements as to

recent Egyptian history. In his account of that country (pp. 37,

38/ ihongh the series of the Comanian (i.e., of the Bahri Mame-
luke) sultans is borrowed from Hayton down to the accession of

Melechnasscr, i.e., El-Malik el-Nasir Mohammed ibn Kalaiin, who
came first to the throne in 1299, Mandeville appears to spe* from

his own knowledge when he adds that this " Melechnasscr reigned

long and governed wisely." In fact, though twice displaced in the

early part of his life, Malik Kdsir reigned till 1341. a duration nn-
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jaralleled in Mohammedan E§;ypt, whilst we are told that during

;he last thirty years of his reign Egypt rose to a high pitch of

wealth and prosperity. Mandeville, nowever, then goes on to say

that his eldest son Meleckcmadcr was chosen to succeed, but this

prince was caused privily to be slain by his brother, who took the

kingdom under the name of Mdcchmadabron. " And he was Soldan

when I departed from those countries." Now Malik Nasir

Mohammed was followed in succession by no less than eight of

his sons in thirteen years, the first three of whom reigned in

aggregate only a few months. The names mentioned by Mande-
ville appear to represent those of the fourth and sixth of the eight,

viz., El-Malik el-§aUh 'Imddu-d-dln, and El-Malik el-Uiizaffar

Zainu-d-din Hajj ; and these the statements of Mandeville do not

\ fit.

V Among particulars which seem to snggest personal knowledge

'may be instanced the very good description of the Bedouins (p. 64),

starting from that of Bolflensele, but largely and accurately

expanded ; the use of carrier pigeons in Syria (p. 118) ; the inti-

mation that the Red Sea was frequented by Venetian merchants

trading with India (p. 140). There are some other particulars

which the author can hardly have witnessed, but which may pos-

sibly have been heard iu communication with other travellers (if not

borrowed from some untraced source). Such are the practice of

polyandry in a certain island (p. 287), and the rite of frarternal

adoption between two persons by drinking each other's blood (195).

The mention of Ani in Armenia with its thousand churches (148)

is probably derived from some book ; the city and its thousand

churches are mentioned by WilUam of Kubrouck.

On several occasions the writer indicates some acquaintance with

Arabic, though the words are not always recognizable, owing per-

haps to the carelessness of copyists in such matters. Thus (p. 142)

he gives the Mohammedan confession of faith as La ellet ella

ilachomelh rores alia {Soscl-alla, A.) (La ilahailla 'Hah Muhamma-
dun rasuUi 'llah) ; (p. 50) the Arabic names of the wood, fruit, and

sap of the balsam plant ; (p. 99) the name of bitumen, " alkatran "

{al-Katrd,n) ; (p. 131) three titles of the Koran, viz., "Alkoran,"

."Mcshnf" {i.e., mishaf, "written sheets or pages," "a copy of

the Koran"), and Harine {i.e., haram, in the sense of "sacred,

inviolable ")
; (p. 168) the names of the three different kinds of

pepper (long pepper, black pepper, and white pepper) as sorhotin,

fulfid, and bano or baxio {futful is the common Arabic word for

pepper, the others we cannot explain with any confidence); (p. 192)

the name of the elephant (but in A. this runs : Et apelle on Id, lis

oliphans vachcs).

Mandeville again, in some passages (and especially in one which

is familiar from its being cited by Dr Johnson in the preface to his

dictionary) shows a correct idea of the form of the earth, and of

position in latitude ascertained by observation of the pole star ; he

knows that there are antipodes, and that if ships were sent on
voyages of discovery they might sail round the world. And ha

tells a curious story, which he had heard in his youth, how a

worthy man did travel ever eastward until he came to his own
country again (p. 183). But on the other hand he repeatedly

asserts the old belief that Jerusalem was in the centre of the world

(79, 183), whilst he maintains in proof of this that at the equinox

a spear planted erect in Jerusalem casts no shadow at noon,

—

which if true would only show that the city was on the equator.

Brit/ Anatt/sis.—Vrologwe. Chaps, l.-lll. The way to Constantinople: the

wonders and holy places theie ; the Greek islands, Greek Church, Ac. Chaps.

Iv.-v. Constantinople and Palestine; Rhodes, Cyprus, coast of Palestine ; Egypt
and Babylon of Egypt ; the Slnal deseit and convent (these tM'o chapters on the

lines of Boldensele ; succession of Ayubite and Mameluke sultans from Hayton).

Chaps, v.-x. Palestine and the holy places (the most original part of the work,

but based occasionally on Boldensele). Chap. xi. Syria, various routes from
Western Europe; desciiption of Tartai-y (the steppe country about the Volga,

—

very good, though expressly not from personal experience). Chap. xU. On the
Saracens and their rehgion, Mohammed, Ac. (partly based on Boldensele).

Chap. xili. Countries of As'a and Afdca ; journey to the East from Trebizond
(this and on to chap. xx. inclusive Is all based on Odotlc, with Interpolations

ad libitum). Ciiap. x.xl. Tlic Great Khan ; the history of Jengbiz and his suc-

cessors (from Hayton, with sometiiing from Piano Carpinl). Chap. xxii. The
court and splendour of the khan, his paper-money, Ac. (fixm Odoric). Chap,
xxiil. Customs of the Tartars. Ac. (chiefly fiom Piano Carpini). Chap. xxlv.

Countries of Asia shortly described (from Hayton). Chap. xxvi. The Iamb-plant
(from Odoric), wilii much added about Alexander and the simt-up nations, griffins,

and other monsters. Chap, xxvii. The royal estate of Piester John (chietiy from
the " Letter " of Prester John, with sometiiing from Hayton) ; the Old Man of the
Mountain (from Odoitc). Chap, xsviil. Tlie Valley Perilous (from Odoric, with
Inventions), followed by a quantity of fabulous geography of mixed and uncertain
origin. Chaps, xxix., xxx. Similar hotchpotch continued (from the romance
of Alexander, the letter of Prester John, I'linian fables, &c.). Chap. xxxi.
The retlim Journey from Cathay, Ac. (from Odoric). The epilogue.

The oldest known MS. of the original is the earl of Ashburnham's
MS. Libri xxiv., dated 1371, but nevertheless very inaccurate in

proper names. The English version was made, at least as early as

the beginning of the 15th century, from a French MS. defective be-

tween p. 36 1. 7 ("And there") of Halliwell's edition and p. 62 L 25
("And that Valey "), and is represented in this state by nearly
every known English MS. It was completed and revised by two
independent editors, neither of them later than the first quarter of

the 16th century. One of these revisions is represented by the

British Museum MS. Egerton 1982, and the very badly abbreviitcd

Bodleian MS. e Mus. 116. The other is represented by the

British Museum MS. Cotton Titus C. xvl The first printed edition

of the English version is apparently the undated edition of

Pynson, which gives the version in its original defective shape.

So do Wynkyn de Worde's edition of 1499 and eleven editions

before 1725, except that they insert a paragraph seemingly abbre-

viated from the revision represented by Cotton Titus C. xvi. This

latter revision was, however, followed in full by the editions of

1725 and 1727,' and is, in Halliwell's editions, the text now
curreut. The other revision seems never to have been printed.

That none of the forms of the English version can conceivably

be from the same hand which wrote the original work is made
patent to any critical reader by their glaring errors of translation,

but the form now current asserts in the preface that it was made
by Mandeville himself, and this assertion has been taken on trust

by almost all modern historians of English literature. The words

of the original " je eusse cest livret mis en latin .... mais . . .

je I'ay mis en romant" were mistranslated as if "je eusse " meant
" I had " instead of " I should have," and then (whether of fraudu-

lent intent or by the error of a copyist thinking to supply an

accidental omission) the words were added " and translated it ajen

out of Freusche into Englyssche." Schonborn and Matzner

respectively seem to have been the first to show tliat the current

Latin and English texts cannot possibly have been made by

Mandeville himself. Dr J. Vogels states the same of unprinted

Latin versions which he has discovered in the British Museum, and

he has proved it as regards the Italian version.

The terseness, the simplicity, and the quaintness of the Englisli

version, together with the curiosity of the subject-matter, will

always make it delightful reading ; but the title " father of English

prose," which in its stricter sense already belonged to King Alfred,

must in its looser sense be now transferred to 'WickliSe.

See Schijnbom's Bibliographische Ujitersuchimgen iiber die Keise-Beschreibuviy

des Sir John ifandeviHe, Bre>lau, 1840; MaUneT'aAlleiigtischa Sprachproben.I. il.

pp. 154-55; letters by E. B. Nicholson in The Academy of November 11, 1876, and

February 12, 1881; Vogels, " Das Verhaltniss der italienischen Version der Reise-

beschreibung Mandeville's zur franziisischen " in & Festschrift, dem Gymnasium
zu itoers zur Feier seines 500Jahrigen Bestehevs geicidmet vom Lehrer-

Collegium des Cre/elder Gymnasiums, Bonn, 1882, and his forthcoming "Hand-
Bchriftliche Untersuchungen iiber Mandeville's Reisebescbreibtmg," in VoUmoUei-'s

RomanischeForschiiugen; also for the bibliograpliy of editions and translations, up
to 1867, Tobler's Bibliographia geographica Palxstinx. See also Yule's Cathay

and the Way Thither (Hakiuj't Society), I, 27, 28, on the sources of the book. At
least two critical editions ai-e xmderstood to be in preparation—by Vogeis(French

and English), and by Michelant (Frencli, for the Soci^t^ do I'Orient f^tin). On
a Frencli* Lapidaire and other works attributed to Mandeville see Pannier's

Lapidaires fransais du moyen ige, Paris, 1882, pp. 189-204. (E. B. N.—U. Y.)

MANDI, a native state in the Punjab, India, lying

between 31° 23' 45" and 32° 4' N. lat, and between

76° 40' and 77° 22' 30" E. long., and bounded on the N.

and E. by Kullu, on the S. by Suket, and on the W. bj

Kdngrd. The country is verymountainous, being intersected

by two great parallel ranges, reaching to an average height

of from 5000 to 7000 feet above sea. The valleys between

the hill ranges are very fertile, and produce all the ordinary

grains, besides more valuable crops of rice, maize, sugar-

cane, poppy, and tobacco. Salt-miaes contribute about

one-third of the state revenue. Iron is found in places,

and als» gold in small quantities. The area of the state

is estimated at about 1200 square miles, and a census

in 1881 gives the population as 147,017. The chief,

a RAjput by caste, enjoys an approximate income of

£36,500, and the state pays a tribute to the British

Government of £10.000 a year. Mandi town, the capital,

is situated on the Bids, in 31° 43' N. lat. and 76° 66'

E. long.

MANDINGOES, otherwise known as Wai^gaeawa,

Malinkes, or Wakoke (the last probably their primitive

designation), are one of the most widely distributed and

important peoples of Western Africa to the north of the

equator, and perhaps form the best representatives of the

Negro stock. The country of Handing, from which their

ordinary name is derived, is a comparatively small district

on both banks of the Niger, about the intersection of 12°

N. lat. with 9° E. long. A Mandingo empire, usually called

after Mali, the chief town, which stood on the bank of the

Niger to the north of Bur6, was founded by a certain

prince Baramindana or Baramangole iu the 12th century;

and its power was gradually extended till, in the raign

of Mansa Tilusa (1311-31), Songhai, Timbuctoo, and, in

fact, thfi whole of the Sudan with the exception of Geuut
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on the Niger, were more or less tliorougUy Eubjugated.

Timbuctoo finally fell iuto the hauda of the Berbers about

1433; but Mali remained a leading state and its capital

a great commercial centre till the beginning of the 16th

century, when Omar Askia, prince of Songhai, captured the

city. The Mali dynasty was a Mohammedan one ; and,

though some sections of the Mandingo race are still pagans,

the greater number are ardent supporters of Islam. Of

the present grouping and relations of the states in which

they are the dominant element detailed information does

not exist ; but , such accounts as those of Benjamin

Anderson (Journey to Musardu, the capital of the Western

Mandingoes, New Yerk, 1870) show that some of them are

possessed of a considerable share of barbaric civilization.

According to Dr Quintin, the leading areas of Mandingo

occupation are the country watered by the great head-

streams of the Senegal (the Faleme, the Bafing, itc), the

district to the south of the lower course of the Gambia,

and the coast region of Susu to the north of Sierra Leone.

The Mandingoes are generally tall and strongly built

;

black in complexion, and harsh and ugly in features, but

with a spirited and intellectual expression. They are great

traders, work in iron and gold, weave cotton cloth, tan

excellent leather, and regularly cultivate a considerable

variety of crops— rice, cotton, tobacco, kola, potatoes.

Their clay-built walled towns often contain SOOO to 10,000

inhabitants, and villages and hamlets are thickly scattered

over the country.

Besides Park's TraveU (in which the Mandingoes play a promin-

ent part) see Barth, Travels in Central Africa, and Dr L. Quintin,
" Etude ethnogr. sur les pays entre le Senegal ct le Niger," in Bull,

de la Soc. d-: Giogr., Paris, 1881.

MANDLA, a district in the chief commissiotfership of

the Central Provinces, India, lying between 22° 14' and
23° 22' N. lat., and between 80° and 81° 48' E-'long., is

bounded on the N.E. by Rewah state, on the S.E. by

Bildspur, on the S.W. by Balaghat, and on the W. by

Seoni and Jabalpur. It has an area of 4719 square miles,

and the headquarters arc at Mandla town. "The district

consists of a wild highland region, broken up by the valleys

of numerous rivers and streams. In the lower valleys

there is abundance of rich black cotton soil, while in the

less favoured valleys a light friable soil is found. The
Nerbudda river flows through the centre of the district,

receiving several tributaries which take their rise in the

Maikal Hills, a range densely clothed with sal forest, and
forming part of the great watershed between eastern and
western India. The loftiest mountain is Chaurddadar,

about 3400 feet high. Tigers and wild beasts abound, and

the proportion of deaths caused by wild animals is greater

in Mandla than in any other district of the Central

Provinces.

The census of 1872 disclosed a population of 213,018 (males,

110,473 ; females, 102,545). The aboriginal or hill tribes nuni-

l;er more strongly in Mandla than in any other district of the

Central Provinces, the Gonas being alone returned at 113,306.

Mandla town, with a population of 4936, is the only place

in the district with upwards of 2000 inhabitants. Of the
total area of 4719 sr^uare miles, 556 were returned in 1881 as culti-

vated, and 2530 as cultivable. In the same year 54,431 acres were
devoted to the production of rice, and 75,196 to wheat, while other
food grains occupied 199,062 acres. Fibres and sugar-cane are pro-
duced in considerable quantities. The magnificent sal forests which
formerly clothed the highlands of the district have suffered greatly

from the nomadic system of cultivation practised by the hill tribes,

who cut down and burn the wood on the hill-sides, and sow their

crops in the ashes. Of late years, however, measures have been
taken to prevent further damage to the forests. The only local

manufacture consists in the weaving of coarse cotton cloth. The
total gross revenue of the district in 1881 was returned at £21,398,
of which £8999 was derived from the land. There are 46 Govern-
ment and aided schools. The cost of oflSciats and police was £6396.
The district has a bad reputation for fever

MANDOLINE. See Lutb.

MANDRAKE, Mandragora officiuarum, hr, of the

potato family, order Solanacex^ is a native of Spain, Sicily,

Crete, Cilicia, Syria, &c., and North Africa (Benth. et

Hook., Gen. PL, iL p. 900; and DC, Prod., xiii. p. 466).

It has a short stem bearing a tuft of ovate leaves, with a

thick fleshy and often forked root. The flowers are soli-

tary, with a purple bell-shaped corolla. The fruit is a

fleshy orange-coloured berry. The mandrake has been long

known for its poisonous properties and supposed virtues.

It acts as an emetic, purgative, and narcotic, and was much
esteemed in old times; but, except in Africa and the East,

where it is used as a narcotic and antispasmodic, it has fallen

into disrepute (Pickering's Chron. Hist, of Plants, p. 247).

In ancient times, according tolsidorus and Serapion, it was
used as a narcotic to diminish sensibility under surgical

operations, and the same use is mentioned by Kazwlnl,

i. 297, s.v. " Luffdh." Shakespeare more than once alludes

to this plant, as when Banquo in Machetii S3.ys—" Or have
we/eaten of the insane root that takes the reason prisoner 1

"

and again in Antony and Cleopatra—"Give me to drink

mandragora." The notion that the plant shrieked when
touched, so that those who desired to pluck it up had to

stop their ears with pitch, is alluded to in Romeo and
Juliet—" And shrieks like mandrakes torn out of the

earth, that living mortals, hearing them, run mad." 'The

mandrake, often growing like the lower limbs of a man,
was supposed to have other virtues, and was much used

for love philtres (Diosc, iv. 76), while the fruit was
supposed, and in the East is still supposed, to facilitate

pregnancy (Aug.,C'. Faust., sxii. 56; compare Gen. xxx. 14,

where the Hebrew D'X'i'n is undoubtedly the mandrake).

Like the mallow, the mandrake was potent in all kinds of

enchantment (see Maimonides in Chwolson, Ssabier, ii. 459.

and the notes). Dioscorides identifies it with the wpKai'o,

the root named after the enchantress Circe. To it appears

to apply the fable of the magical herb Baaras, which cured

demoniacs, and was procured at great risk or by the death

of a dog employed to drag it up, in Josephus {B. J., vii. 6,

§ 3), The German name of the plant (Alraune ; O. H. G.

Alrdna) indicates the prophetic power supposed to be in

little images (homunculi, Goldmiinnchen, Galgenmiinnchen)

made of this root which were, cherished as oracles. ^ The
possession of such roots was thought to ensure prosperity,

(See Ducange, s.v. "Mandragora," and Littr^.)

Gerard in 1597 (Beriall, p. 280) described the male and femala

mandrakes. Dioscorides also recognizes two such planta apparently

corresponding to the spring and autumn species {it. vemalis, Bert.,

and ^f. officinarum, L., respectively), jiitfering as he says in "the

colour of the foliage and shape of fruit. He alludes to the "ridicu-

lous tales" and "doltish drearaes" about it merely to scout them.

He notes that the root is often single, or with two to manj
branches. Even iu his day, as now, the root of the wild bryonj

was trimmed to represent the human form, miscalled mandrake,

and then sold as such to the ignorant.

MANDRILL, the name of ono of the most remark

able, at all events in outward appearance, of the Baboons

Cynocephalws maimon or mormon. The general characters

of the genus to which it belongs are given in the article

Ape, vol ii. p. 152. The word appears to have been first

introduced into our literature in a work published in 1744

called A New Voyage to Guinea, by William Smith, who in

an account of the animals of Sierra Leone describes one

" called by the white men in this country Mandrill," but

adds, " why it is so called I know not." i Smith gives

sufficiently accurate details to show that his animal is not

' " ' Mandrill ' seems to signify a 'man-like ape,' the word ' Drill

'

or ' Dril ' having been anciently employed in England to denote an

Ape or Baboon. Thus in the fifth edition of Blount's ' Glossograpkxa,

or a dictionary interpreting the hard words of whatsoever language

now used in our refined English tongue . . . very useful for all sucli

as desire to understand what they read,' published in 1681, I fina

' Dril. a stonecutter's tool wherewith he tores little holes in marble
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that now called Mandnll, but the Chimpanzee. Buffon,

however, while quoting Smith's description, transferred the

name to the very different species now under consideration,

and to that it has been attached ever since.

The Baboons generally are distinguished from other

Monkeys by the comparative equality of the length of their

limbs, which with the structure of the vertebral columu

adapts them rather for quadrupedal progression on the

ground than for climbing among the branches of trees.

They are also remarkable for the great size of their face

and jaws as compared with the part of the skull which

encloses the brain. The Mandrill, in addition to these

characters, is distinguished by the heaviness of its body,

stoutness and strength of its limbs, and exceeding shortness

of its tail, which is a mere stump, not 2 inches long, and

usually carried erect. It is, moreover, remarkable for the

prominence of its brow ridges, beneath which the small and

closely approximated eyes are deeply sunk ; the immense
size of the canine teeth; the great development of a pair of

oval bony prominences on the maxillary bones in front of

the orbits, rising on each side of the median line of the

face, and covered by a longitudinally-ribbed naked skin

;

and more especially for the extraordinarily vivid colouring

of some parts of the skin.

The body generally is covered with a full soft coating of

hair of a light olive-brown above and silvery-grey beneath,

and the chin is furnished underneath with a small pointed

yellow beard. The hair of the forehead and temples is

directed upwards so as to meet in a point on the crown,

which gives the head a triangular appearance. The ears

are naked and of a bluish-black colour. The hands and
feet are naked and black. A large space around the

gfeatly developed ischial callosities, as well as the upper
part of the insides of the thighs, is naked and of a crimson

colour, shading off on the sides to lilac or blue, which,

depending not upon pigment but upon injection of the

superficial blood-vessels, varies in intensity according to

Ihe condition of the animal—increasing under excitement,

fading during sickness, and disappearing after death. But
it is in the face that the most remarkable disposition of

vivid hues occur, more resembling those of a brilliantly

coloured flower than what might be expected in the
cutaneous covering of a mammal. The cheek prominences
ace of an intense blue, the effect of which is heightened by
deeply sunk longitudinal furrows of a darker tint, while
the central lioe and termination of the nose ;ire a bright

scarlet. Notwithstanding the beauty of these colours in

themselves, the whole combination, with the form and
expression of features, quite justifies Cuvier's assertion that

"il serait diBicile de se figurer un etre plus hideux que le

Mandrill."

It is only to fully adult males that this description

applies. The female is of much smaller size, and of more
slender make ; and, though the general tone of the hairy
parts of the body is the same, the prominences, furrows, and
colouring of the face are very much less marked. The
young males have black faces. At the age of three the
blue of the cheeks begins to appear, and it is not until they
are about five, when they cut their great canine teeth, that
they ocquire the characteristic red of the end of the nose.
The Mandrills, especially the old males, are remarkable for

the ferocity^ of their disposition, as well as for other disagree-
able qualit'es, which are fully described in Cuvier's accouut
of the animal in La Menagerie du ifuseum d'Histoire
Naturelle (1801), but when young they can easily be tamed.
Like the rest of the Baboons, they appear to be rather

&C. Also a large overgiow-n Ape and Baboon, eo called." 'Drill'
\» used in the «ame sense in Charlton's OnamasUcon Zoicm, 1668.
The singular etj-mology of the word given by Buffon seems hardly a
frobable one. "—Huxley's Mans Place in yalure, p. 10, 1863.

indiscriminate eaters, feeding upon fruit, roots, reptiles,

insects, scorpions, &c., and inhabit opjn rocky ground

rather than forests. Xot much is known of the Mandrill's

habits in the wild state, nor of the exact limits of its

geographical distribution. The specimens brought to

Europe all come from the west coast of tropical Africa,

from Guinea to the Gaboon.

An allied species, the Drill [Cynocephalus leucaphxus),

which resembles the Mandrill in si^e, general proportions,

and shortness of tail, but wants the bright colouring of

the face which makes that animal so remarkable, inhabits

the same district. (w. h. f.)

MANDURIA, a city of Italy in the province of

Lecce, 22 miles east of Taranto on the road to Lecce,

in the midst of a wide open country. It had 7948

inhabitants at the census of 1871, is the seat of two pretty

important fairs, and contains a spacious palace of the

Francavilla family, and a fine old church with camrpanUe

and rose window; but the main interest of the place

attaches to the ruins of the ancient city in the neighbour-

hood. The whole circuit of the double line of ancient

walls, built of large rectangular stones without mortar, can

still be traced, the outer wall and ditch measuring 23 feet

in breadth, and the inner passage with the inner wall about

50 feet. At Scegno, just outside the walls, the visitor

may still see the fountain of Manduria, the level of which,

according to Pliny, it was impossible to alter by any

drawing out or pouring in of water.

Manduria is first mentioned in connexion with the death of

Archidamus, king of Sparta, who perished in a battle fought under

its walls in 838 B.C.; and the only other fact of importance in its

ancient annals is the capture by Fabius Maximus in 209. Though
omitted from Plinjr'a list of towns in this region, it appears in the

Tabula Peutingeriana. After the destruction of the old town by
the Saracens the inhabitants removed to ihe present site, and the

name Casalnaovo, which they at first applied to the new settlement,

was exchanged by Ferdinand I. for the original Manduria.

MANES. This term, which is clearly euphemistic,

meaning " goodies " or " good fellows," was applied by the

Romans to the spirits of the departed. As in all nations

of antiquity, and in many existing savage tribes, these

spirits were held by them in great awe and veneration, as

being powerful for good or for harm. The doctrine,

whether imported from the Egyptian theology or of

Turanian origin through the Etruscan tomb-builders, is

closely allied to that of the Greek belief in the existence

of the souls of heroes, ancestors, and generally of the
" mighty dead," whom they called Scu'/ioies, but, of course,

in a sense widely different from our notion of demons.

Thus in Ji^chylus the spirits of Agamemnon and of Darius

are invoked as Sat'nove^, and in the Suppliant Women
(24) they are appealed to as PapvTi/jLoi \66yioi, where the

notion of "heavily-punishing" seems conveyed by the

compound epithet. Generally, the detmones were regarded

as hostile, or at least dangerous, and blood-offerings

(ivayta-fioi) were made to them to propitiate their wrath,

and to induce them to send aid or material blessings from

the realms below. The idea appears to have been that the

spirits ranged the earth, hungry and forlorn, and seeking

whom they might devour. Hence pestilences and sudden

deaths were attributed to them, and in this sense they

came to be regarded as the enemies of the living. Victims

wore given to them, that they might not themselves make
victims of whomsoever they pleased. Offerings of all kinds

were placed in the tomb or burnt on the pjTC, and the rites

of burial were, with the lamentations of surviving friends,

thought necessary for the repose of the ghost Hesiod,

however, in a remarkable passage {Op. et D., 122), speaks

of the Sat'/xoyc: in terms more allied to our ideas of " guardian

angels." He says they were the souls or spirits of the men,

who lived in the golden age, and that their office now is to
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walk the earth unseen, and to watch the actions and conduct

of man. The meaning of the word demon is very obscure.

Some connect it with Sif, the root of Dis, Dyaus, Ztv's,

JuppUer, &c., others with haiuv, "to allot," "to distribute,"

(Curtids, Gi: Elym., i. 230), while others, with Plato {Craty-

lus, p. 398, B), have supposed that Saij/ioi', "knowing," is

the original sense. In a general way, Saif^wv meant a man's

luck or fortune in life, and hence SucrSoi/iiuJi' and eiiaifUDv

are common phrases for " unfortunate " and " prosperous."

The word manes seems referable to an old adjective, of

which there were two forms, manis and raanus, " good."

From the former comes immanis, applied to things or

persons of formidable size, power, dimensions, &c., and so

" huge," " savage," or in any sense '' uncanny." The
morning is mane', " the good or lucky time," because there

was an old proverb (Hesiod, Op. el D., 578) that morning
was the best time for work. It is generally used as an
ablative, mane novo,&c., yet Virgil has dam mane novum,

{Geor(j. iii. 325). Maiius is found in the old Italian

divinity Genita Mana, the "good mother," also called

Mania and Larunda, the reputed mother of the Lares or

household gods. To this goddess Pliny tells us {N. H.
TCS.IX. 58) the Romans oflFered in sacrifice a puppy-dog,

cafulus. In xxi. 11 he says that chaplets used to be offered

to the manes, and in xxxiiL 2 he speaks of men digging

mines to get wealth in sede manutm, in the depths where

the spirits reside.

There can be no doubt that food offerings were, accord-

ing to a widely spread superstition, offered to the manes,

as to the Lar, to Hecate, to Trivia, and to other infernal

powers. Thus Virgil (who is fond qf the use of the word)

says in JSn. iiL 63, " aggeritur tumulo tellus ; stant

Manibus arae." . On these altars, he adds, goblets of milk

and the blood of victims were offered, though he evidently

has in view the Greek rite of appeasing the daemons.

Perhaps there were not. such solemn propitiatory sacrifices

made to the manes as to the Greek- 8ot/iov£s. But all

nations have reverenced the spirits of their ancestors, and
especially those nations which retain strongly patriarchal

traditions and the distinctions of caste.

The genius was a kind of attendant on the living, the

share of his fortunes, and perhaps to some extent regulat-

ing them, from birth to death. To indulge one's genius

originally meant to please him with good cheer, an idea

that lay at the root of all primitive notions of sairifice.

Of this notion there is no Greek equivalent. It seems

more nearly allied to the superstition of a " double " or
" wraith," a kind of alter eyo who at once was, and was

not, identical with the individual person. (See Hor.,

Epist. ii. 2, 187.)

Between the m/xnes and the received idea of souls there

was a pretty close analogy. When Virgil says (^n. vi.

743), " quisque sues patimur manes," he appears to mean
that the souls of all receive the reward of deeds done in

life. There was, of course, a corresponding idea that the

manes could be conjured up, and could appear as ghosts.

Thus Propertius (EL, v. 7), commencing with the verse
" Sunt aliquid manes, letum non omnia finit," describes

how the ghost of his Cynthia appeared to him and
upbraided him for his faithlessness. See also Virg., ^n.
iv. 490 and v. 99. Like the SaC/iove^, they were also

supposed to have the power of sending dreams (ibid: vL
897).

lu sepulchral inscriptions, even on early Christian tombs,
the dedication dis manibus is common, showing the strong
tendency to deify which prevailed with the Bomans under
the empire.

MANETHO. Manetho Sebennyta (Uaviduiv, MovcSu,
MaviOtog, Mave6u>d, &C., i.e., Mai en Thoth, "beloved by
Thoth"), Egyptian priest and annalist, was a native of

Sebennytus (Semmemid) in the Delta. His name is con-

nected by Plutarch with the reign of Ptolemy I., and he is

usually stated to have written under Ptolemy II. Philadel-

phus, though the only authority for this is an epistle to that

king of the Pseudo-Manetho, author of the forged Bocik of
Sothis preserved by Syncellus. He was instructed inGreek

—

so Josephus tells us—and the three books of his AlyvTmaKa
composed in that language opened to foreigners the history

of Egypt from the mythical period downwards, as it was
preserved in the records of the priests. Unhappily the
book is now known only by some lists and fragments pre-

served by Josephus in his treatise Against Apion, by
Eusobius in his Chronica, and by Syncellus. Syncellus

used the work of Eusebius (also known to us throngli

Jerome and the Armenian version^) and the lost Pentabiblon

of Africanus. Thus the little that We know of Mauetho's

history has reached us through a process of transcriptioc

and retranscription very unfavourable to the correct trans-

mission of the lists of kings and dynasties, to which

Josephus alone adds any considerable narrative excerpts.

It seems indeed that our authorities themselves used vary-

ing and partly corrupt recensions of the original text, end
that deliberate corruptions of the Manethonic tradition

were not wanting appears from the existence of the Book

of Sothis cited by Syncellus, which was undoubtedly a

spurious work. That Manetho himself made hdnest use

of his Egyptian sources is generally recognized, since the

Egyptian monuments have afforded confirmation of many,
though by no means all, of his statements ; but how the

corrupt and varying data we now have should be used, or

whether the Egyptian tradition can be made the basis of

a rational chronology of the oldest historical period, is

doubtful (see vol. vii. p. 729 sq.).

The titles of several other books ascribed to Manetho, with a mass
of useful material aud discussion, will be found along with the best

edition of the fragments in Mullcr's Fraijmcnta Hisloricaruvi Grs-
corum, ii. 511-616. Au e.xtant astrological poem called 'ATroTeAeo--

liaTiKti bears the name of Manetho, but is of much later date (last

edition by Koechly, Leipsic, 1858). See Boeckh, Manetho u. die

ffundssternperiode, 1845 ; Gutschmid, in Philologus (1856), and
Rhcin. Mus., 1859 ; Lauth, Manetho u-nd der Turincr KSnigs-

Papyrus, 1865 ; Lieblein, Accf. Chron. (1863) and Rccherches sur

la Chron. £g., 1873 ; and in general the books on Egyptian history

and chronology. A fuller list of relative literature is given by
Engolmann, Bibl. Scriptor. Class. (8th ed.), i. 507.

MANFRED (c. 1231-1266), regent and king of the Two
Sicilies, a natural son of the emperor Frederick II. by
Bianca Lanzia, the daughter of a Lombard earl, was born

in Sicily about 1231, and received from his father the title

of prince of Tarentum in 1248. Frederick II. at his

death appointed him regent of the Two Sicilies during the

absence of his brother Conrad IV., and notwithstanding

the hostility of Innocent IV., and the revolt of many
nobles and towns in Apulia at the instigation of that

pontiff, he was able in 1252 to hand over to Conrad au

undivided sovereignty. On the death of the latter in 1 254,

Manfred was once more called to the regency in the

interests of his infant nephew Conradin, and by his victory

over the forces of Innocent IV. at Foggia on December 2d

of that year was able to establish his authority over the

entire kingdom. When in 1258 rumours had reached

Sicily of the death of Conradin, Manfred, yielding to the

solicitations of his prelates, barons, and people, allowed

himself to be crowned at Palermo on August 11. Shortly

afterwards envoys arrived from the mother of Conradin to

say that he was still alive, and to demand the crown for

him ; but thia the king, strong in the popularity which he

had acquired by his brave defence of his country, by his

pleasing person, and by his many accomplishments, declined

to give, promising only to preserve the crown for his nephew,

' Hinebi Chronicannn libri duo, ed. A. Schoene, Berlin, 1866-7£.
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and faitLfulIy to bequeatli it to him on his own death.

Excommunicated in 1259 by Alexander IV., Manfred
again resorted to arms, and overrunning the papal states,

was made master of Tuscany by the battle of Monte Aperto
(September 4, 1260). Now at the height of his power,

he was anew excommunicated by Urban IV. iu 126], and
in 1263 his forfeited crown was offered to Charles, count

of Anjon, and brother of Louis IX. of France. Towards
the end of summer in 1265, giving eflect to a crusade

proclaimed by Urban, Charles with his army entered

Piedmont, but the encounter with the Sicilians did not

take place until February 1266 at Benevento, where

Manfred, filled with despair by the cowardly flight of his

Apulians, spurred into the thickest of the battle and fell

covered with wounds; His mangled body was hastily

buried under a heap of stones near the bridge, but after-

wards, at the instance of Pope Clement IV., was dragged

out and laid in unconsecrated ground on the frontier of

the kingdom.

MANFREDONIA, a seaport and city of Italy, in the

province of Foggia, the see of au archbishop, and the centre

of a maritime district, lies 22 miles north-east of Foggia,

with which it is connected by railway. The situation, on

the shores of the Gulf of Maufredonia and at the foot of

Monte Gargano, is finely sheltered, and the vegetation of the

district is similar to that of Sicily. A castle dating from

the 13th century protects the port, and the city is sur-

rounded by walls and towers. The principal building is

the cathedral Though the anchorage is available only for

small vessels, a fair trade is carried on in the export of

grain. While iu 1863 there entered in all 418 vessels

with a total burden of 20,346 tons, in 1880 the burden of

the 463 vessels was only 10,832 tons. The population of

the commune in 1881 was 9401.

ManfreJonia is the historical representative of Sipontum, a Konian
miinicipium and colony of aome mark, which lay about IJ miles to

the south. The ancient city having greatly declined, partly owing to

the unhealthiness of its situation and partly to the disaster of war,
Manfred transferred its inliabitants to the present site in 1261.
For a time Manfredonia flourished greatly, but the ravages of the
Turks in 1620 proved fatal to its development. The site of
Sipontum is marked by the ancient church of Santa Maria di
Siponto.

MANQALIA, a town ou the coast of the Black Sea, in

the south of the Dobrudja, at the head of a district in the

new Roumanian province of Kustendji. In the time of

Genoese supremacy in the Black Sea it was a place of

30,000 inhabitants ; and its population has again risen

from a few hundreds to upwards of two thousand.

According to the Cvrpus Inscriptionuvi Latinamm, it is to

be identified with the ancient Thracian city of Callatis (or

Acervetis, as it was formerly called)—a colony of Miletus
which continued to be a flourishing place to the close of

the Roman period.

MANGALORE, the administrative headquarters of

fivuth KAnara district, Madra3^ is situated on the Malabar
coast, in 12° 51' 40" N. lat, 74° 52' 36" E. long., with a
population in 1871 of 29,667. The town is picturesque,

•clean, and prosperous. Tho native houses are laid out in

good streets, and the European quarter is particularly

pleasant Mangalore clears and exports all the coffee of
Coorg, ai»d trades directly with Arabia and the Persian
Gulf. In 1875 3600 ships of 264,000 tons entered.
Tl^B exports in that year were valued at £505,800, and
the imports at £272,704. There is a large native Roman
Catholic population, with two European bishops, several
churches, and a convent. The Basel Lutheran mission
has its headquarters here, and has done much good in

leaching trades, &e. Good cloth ia woven at their

establishment ; the making of roof tiles, printing, and
bookbinding are also taught

MANGANESE, a metallic chemical element (symbol

Jin ; atomic weight 55) widely diffused throughout the

mineral kingdom, being an almost constant companion oi

ferrous oxide, lime, and magnesia in their native carbonates

and silicates. Of manganese minerals proper-^which are

comparatively scarce—the most important is pyrolusite,

the native binoxide, MnOj. This is a black crystalline

or crystallized solid with semi-metallic lustre, sufficiently

soft to give a (black) streak on paper; hardness, 2 to 2'5]

specific gravity, 4'8 to 4 '9. It is known in commerce
as "black oxide of manganese" or " manganese," and is

extensively used for the industrial extraction of chlorine

from muriatic acid. Its most extensive beds are found

ut Ilmenau and Elgersburg, Thuringia; near Giessen,

North Hesse; near Miihrisch-Trubau, Moravia; and in

Spain. Almost all pyrolusite is contaminated with more

or less of the following "manganites"—general formula

Mn02.R"0—which besides occur (in the same localities)

as independent minerals:

—

bi-aunite, Mn^Oj or MnOjMnO;
manganiie, or grey manganese ore, MuoOj.HoO; ha-usman-

nite, MujO^ or MuOo.2MnO; and psilomelan, a complex

mineral, the composition of which generally approximates

to 4MnO,.RO + ^HjO,—the R being chiefly Ba or K„,

but including iu general more or less of Ca, Mg, and
Mu. These ores are not unlike pyrolusite in theii

general appearance, but can usually be easily distinguished

from it by their greater hardness and other physical pro

perties. Closely allied to psilomelan are those earthy,

massive, or reniform mineral mixtures known as " bog

manganese," "cupreous manganese," "earthy cobalt" In

the two last-named the RO is chiefly CuO and CoO respec-

tively. We must here mention those curious formation.'

known as " manganese nodules " which were so frequently

dredged up by the " Challenger " expedition, and with

which, it seems, large areas of the ocean's bed are thickly

covered. The writer found in one of these, which seemed
exceptionally rich in manganese, 20'12 per cent of bin-

oxide of man'ganese (fully oxidized), 0'4 of oxide of nickel,

0-25 of cobalt, and ')27 of copper,—a total of 21-04 pei

cent of the psilome"lanicpart, not reckoning the CaO, MgO,
&c., belonging to it All the manganese ores named are

available for the manufacture of chlorine, and indeed are

so used, as components of what goe= in the arts as " man
ganese."

The industrial value of a " manganese " depends, of course, on
its actual or virtual percentage of binoxidt. A,£onvenient method
for its determination was worked out by Freseiiius and Will, on the
basis of a reaction long before discovered by Turner. "When MnOj is

brought in contact with aqueous sulphuric and oxalic acids, it ia

reduced to MnO (-salt) with formation of carbonic acid; thus: MnOj
-f CaOjHj + H„SOj = SHjO + MnOSOa -f iCOj. It is easy so toarrange
matters tliat all the CO^ leaves the apparatus and nothing else, so

that the weight of COj formed identifies itself with the loss oJ

weight suffered by the co-reagents ; and obviously every one gramme

of COj formed indicates gco^^s^^^'^SSSgrammeof realMnOj,

A determination of the free water (loss of weight suffered by tho
powdered ore at 120° C.) must accompany the assay to enable one
to compare two analyses made at difl'erent times.

For the making of manganese prejiarations, high class

pyrolusite is the most convenient raw material.

Metallic manganese may be prepared by intimately

mixing it with lamp-black and heating the mixture to

whiteness in -a blast furnace. But the regulus thus

obtained contains a large percentage of combined carbon.

A purer metal was obtained by DevilU, who started with

perfectly pure "red oxide," Mn^O^, and heated it along

with a proportion of sugar-charcoal insufficient for complete

reduction in a double crucible made of quicklime. The
unreduced oxide (MuG) and part of the lime fuse together

into a violet elag, from which the regulua is easily

eeparatcd. Brunner's mangnne.<ie (obtained by the re-duo
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tion of the fluoride with sodium in a clay crucible) is not

manganese at all, but a silicide of the metal.

Hugo Tamm, who endeavoured to work out a process for the manu-
facture of the metal, gives the following process :— 11 parts of good

Syrolusite is mixed with 1 part of lamp-black and 6 parts of a

ux consisting of 20 parts of lead-free bottle-glass, 7 parts of quick-

lime, and 7 of fluor-spar; and the mixture is strongly heated, in

a graphite crucible coated over with a mixture of 3 parts of

graphite and 1 part of clay, by means of a blast-furnace. There

is formed a regulus covered by a green silicious slag containing

much protoxide of manganese. The " raw " manganese thus pro-

duced 13 contaminated with about 1 per cent, each of iron, silicon,

and carbon, and traces of sulphur, phosphorus, calcium, and

aluminium. The green slag in subsequent operations is substituted

for part of the white flux. The raw metal, when re-fused with about

one-third of its weight of manganous carbonate, yielded a regulus

which contained 99 9 per cent, of the metal,—the remaining^ per

cent, consisting of carbon, silicon, and iron.

Manganese metal is grey, like cast iron (Deville's had a

reddish hue like bismuth); its specific gravity is about

8 ; it is hard and brittle, and about as difficult to fuse as

wrought iron. It readily tarnishes in ordinary air ; even

pure water, and much more dilute acid, attack it with

evolution of hydrogen and formation of manganous (MnO)
hydrate or salt. It is worth Etating that neither MnO
nor MnClj is reducible at a red heat by hydrogen gas

;

yet Bunsen succeeded in obtaining metallic manganese by

the electrolysis of a concentrated solution of the chloride,

using a strong current and a negative electrode of very

small area.

Oxides.—Pure peroxide can be obtained artificially by

keeping the pure nitrate at 200° C. But really pure nitrate

13 hard to procure. Perhaps the only method for obtain-

ing a really pure preparation is Volhard's : 10 grammes

of " pure " (iron- and cobalt-free) manganous sulphate is

dissolved in half a litre of water and 100 cm. of nitric acid

of 1-2 specific gravity; the solution is heated to boiling, and

strong solution of permanganate of potash added until the

MnO is nearly but not quite down, and the mixture kept

for a while on a water-bath. The precipitate of binoxide

formed (according to equation Mn^Oy -1- 3MnO = SMnO,)

is washed, first with dilute nitric acid, then with water, and

dried (when it retains some combined water).

When binoxide of manganese is heated to redness—in vacuum, air,

oxygen, nitrogen—it loses oxygen with formation of lower oxides.

This phenomenon was investigated by W. Dittmar, who found that,

when the binoxide is heated in a constantly renewed atmosphere,

the result, for a given temperature, depends only on the partial

tension of the oxygen in that atmosphere. Pure (brown-red)

MnjOj remains when this tension is less, while (black), MujOj

remains when the tension is greater than a certain limit value p.

In Dittmar's experiments (which were all made at a temperature

somewhat above the melting point of sterling silver), the value p
was found to lie close to 26 cm. of mercury. An exact determina-

tion of this critical point was not possible, because the temperature

was not perfectly constant, and an increase in temperature is equi-

valent to a diminution in the partial tension of the oxygen. Hence,

supposing the onide Mn^Oj to be heated, say in vacuum and within

a close apparatus, it_ will give off oxygen at any temperature greater

than a certain minimum <„, and at any temjierature ti,+ At the gas-

evolution will come to a stop as soon as the tension of the gas has

come up to the critical value p corresponding to this tf, + At,—p
increasing with C^t.

The protoxide, MnO, is most readily obtained by heating

any higher oxide to redness in a current of hydrogen gas,

03 a dull green powder which gets readily discoloured by

oxidation in ordinary air. It is not acted on by water,

but readily dissolves in aqueous acids, with formation of

manganous salts.

The sulphate, TilnSO^, is prepared by making pyrolusite

into a paste with concentrated sulphuric acid and then

heating in a crucible to dull redness until vapours of the

acid cease to come off. The ferric and aluminic sulphates

(originally present) are now, at least mostly, decomposed

and reduced to insoluble basic salts, so that the residue

wuen treated with water and filtered may yield a solution

free of these impurities, and, of course, of baryta.

Should any iron or alumina be left it is easily eliminated by
digestion with a little carbonate of manganese (prepared from a
small portion of the solution by precipitation with carbonate of

soda) and filtration. Cobalt and nickel, if present, can be removed
by fractional precipitation with sulphide of sodium (or HjS in the

presence of MnC'03 ?) ; the black sulphide of Co or Ni comes down
tirst, the (flesh-coloured) MnS afterwards. But lime, magnesia,

and alkalies (which are frequently present) are very difficult to get

rid of. Compare the section on binoxide. The salt, according to

the temperature at which it crystallizes, takes up 7 or 5 or 4 or

even 3 or 1 HjO. Crystallized sulphate of manganese generally

exhibits a rose-red tint ; but this is owing to the presence of a trace

of manganic salt (if not to cobalt salt). The pure salt is colourless.

The chloride, MnCU.—The crude chloride contained in

the preparation of chlorine from the binoxide and muri-

atic acid is purified by methods analogous to those

explained for the sulphate. This (very soluble) salt

crystallizes at 15°-20° C, with 4H2O. To obtain real

MnClj, the salt must be dehydrated in a current of dry

hydrochloric acid gas.

Tho carbonate, MnCO^, is obtained by precipitating the

solution of the sulphate or chloride by excess of carbonate of

soda on boiling. It is a white precipitate, soluble in 800O

parts of water, which, when dried in the air, gets slightly

oxidized with discoloration.

Far more oxidizable is the hydrate, Mn(0H)2, as ob-

tained by precipitation of manganous solution by caustic

alkalies. In the presence of an excess of alkali or other

strong soluble base (such as lime, for instance) the oxidation

progresses very rapidly, with formation, ultimately, of a

black manganite MnOo.EO {e.g., MnO„CaO). This is tiie

rationale of the famous " TVeldon Process " for the recovery

of the " manganese " from chlorine liquors (see Bleach-

ing Powder). A mixed solution of chloride of manganese

and sal-ammoniac, when mixed with ammonia, gives no pre-

cipitate ; but the alkaline liquor readily absorbs oxygen

from the atmosphere with formation of a brown precipitate

of a higher oxide. If, immediately after addition of the

ammonia, the excess of volatile alkali is chased away by

boiling, the resulting (neutral or slightly acid) liquor

remains clear, even in air. Hereupon is founded a method

for the separation of ferric iron and alumina from man-

ganese.

Manganic salts, i.e., salts of ilUjOj, are produced only under

very special conditions. Solutions containing the sulphate and a

phosphate respectively are obtained by heating finely divided pyro-

lusite with strong sulphuric or phosphoric acid. Both products

dissolve in water with formation of intensely purple solutions,

which, however, are very unstable, showing a great tendency to

pass into the manganous condition. . Any manganic salt when
boiled with hydrochloric acid gives manganous salt with evolution

of chlorine. This tendency separates them sharply from the corre-

sponding compounds of iron.

Manganates and permanganates (compounds with bases

of the hypothetical oxides MnOj and MujO-).—The most

important of these is the manganaie of potash, KjMnOj.

Four parts of very finely divided binoxide of manganese

and 2h parts of chlorate of potash are evaporated to dry-

ness with the solution of 5 parts of caustic potash, and the

residue ignited (not fused) in platinum crucibles until all

the chlorate is decomposed. The intensely green mass,

containing large excess of caustic alkali, dissolves in water

into an intensely green solution from which crystals of the

salt KoMnO^ canbe obtained ; but when the alkali is neutral-

ized by ail acid, the liquor turns intensely purple with for-

mation of permanganate and a precipitate of alkaliferous

binoxide : 2K2Mn04-f 2H2O = 2KMnO,-l- 2KH0 + 2H
and 2H -f K^MnO^ = H„0 + KoMnOj. The purple solution

when alkalinized with" potash contaminated with organic

matter reassumes its original green colour (whence its old

name of " chamsleon minerale "). For the preparation of

permanganate of potash it is best to pass chlorine into the

green solution, when the whole of the manganese assumes

the permanganate form: K^MnO^ -f CI = KCl -H KMn04.
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From the purple liquid crystals of permanganate are easily

obtained by evaporation. The crystals (long prisms) arc

isomorphous with perchlorate of potash, KCIO4. They are

soluble in 16 parts of cold and far less of hot water. They
are almost black, and endowed with a peculiar greenish or

bluish metallic lustre. Their powder is red. Their aqueous
solution is most intensely purple, one milligramme of the
salt giving a perceptible colour to a whole litre and more
of water. On addition of acid the solution, through libera-

tion of JfuoO;, becomes pink.

Of all wet-way reagents, manganates and permanganates
are the most powerful oxidizing agents, especially when
they are employed in conjunction with free alkali, or (the

permanganates) along with free mineral acid. By one or

the other of the two combinations most oxidizable inorganic

and almost all organic substances are promptly oxidized.

Hence both manganates and permanganates arc extensively

employed as disinfectants, and, in chemical laboratories, as

oxidizing agents. For the former purpose impure forms
of the soda salts are generally used, while pure per-

manganate of potash, nowadays, is exclusively employed
for scientiCc or analytical laboratory work.
The ultimate fate of the reagent depends on whetlier'alkali or acid

was used as an auxiliary agent. In tlie former case the salt passes
successively into (green) manganate and (insoluble brown) hydrated
binoxide of manganese,—three-sevenths of thco.xvgcn inthellnoO^
being utilized. In the presence of free acid (sulphuric works best)

the ilnijO; loses five-sevenths of its oxygen with formation of a
colourless solution of manganous (JInO) salt. Hence, supposing
such a change to take place promptly, and the reagent to be added
gradually, the exact point of completed oxidation is reached when
the liquid, by the addition of another drop of the permanganate,
assumes a permanent pink colour. This is the principle of a num-
ber of processes for the determination of certain reducing agents by
means of a standard solution of permanganate.

Analysis.—A nianganiferous substance when fused up with car-

bonate of soda on platinum in the presence of air yields a green
mass (manganate), the colour being more distinct after cooling.
Manganese oxides, when fused up « ith a borax bead in the oxidizing
flame, impart to it an intense amethyst colour, which disappears in
the reducing flame. To detect manganese in a solution of mineral
salts, we first eliminate what can be precipitated by sulphuretted
hydrogen in the presence of mineral acid. In the filtrate the iron

(if present) is oxidized by boiling with a granule of chlorate of
potash, and the ferric oxide precipitated along with the alumina by
addition of sal-ammoniac and excess of ammonia, and boiling off

the free volatile alkali. From tlie filtrate the manganese is pre-
cipitated by sulphide of ammonium, as a sulphide which, when
pure, exhibits a delicate flcshred colour but is readily discoloured,
by oxidation, when in contact with air. Cobalt, nickel, and line,

if present, go down with the manganese, but can be eliminated by
treatment of th« washed sulphides with acetic acid, which dissolves

the manganese only. (W. D.)

MANGEL WUEZEL. See AcRicmTtrEE, vol. L p. 3GS.

MANGO. The mango-tree {Mangifera iiidica, L., natural

order Anacardiacex or TerehliUhacex) is a native of tropical

Asia, but during the last hundred years has been exten-

sively cultivated in the tropical and subtropical regions of

the New as well as the Old World. It grows rapidly to a
height of 30 to 40 feet, and its dense, spreading, and glossy

foliage would secure its cultivation for the sake of its shade
and beauty alone. Its fruit, a drupe, though in the wild
variety (not to be confused with that of Spondias mangifera,
Pers., belonging to the same order, also called wild mango in

India) stringy and sour from its containing much gallic acid,

and with a disagreeable flavour of turpentine, has become
sweet and luscious through culture and selection, to which
we owe many varieties, differing not only in flavour but
also in eizo, from that of a plum to that of an apple.
When unripe, they are used to make pickles, tarts, and
preserves ; ripe, they form a wholesome and very agreeable
dessert. In times of scarcity, the kernels also arc eaten.

Not only the flesh and kernel of the fruit, but also the
bark and resin are of some medicinal value; and the
timber, although soft and liable to decay, serves for common
;purposos, and, mixed wiiL sandal wood, is employed in

cremation by the Hindus. It is usually propagated bj
grafts, or by layering or inarching, rather than by seed.

See Drury's Useful Plants of India.

MANGOSTEEN, Garcinia Maiiffoalana, L., is a tree

belonging to the gamboge order (Clusiacex or Guttifei'u)

It is a native of the Molucca Islands, but has been iutro

duced into the other islands of the eastern archipelago,

Ceylon, and .southern Asia, and even the Antilles, though
not without difficulty. It grows about 20 feet high, and
is "somewhat fir-like in general form, but the leaves arc

large, oval, entire, coriaceous, and glistening. Its fruit,

the much-valued mangosteen, is about the size and shape oi

an orange, and is somewhat similarly partitioned, but is of

a reddish-brown to chestnut colour. Its thick rind yields

a very astringent juice, rich in tannin, and containing a

gamboge-like resin. The soft and juicy pulp is snow-white

or rose-coloured, and of exceedingly delicious and subtle

flavour and perfume. Being perfectly wholesome, it may
be eaten freely, and administered in fever. G. purpiirea

is known in India as mate mangosteen, and Embryopteris

(/lutinifera, an ebenaceous tree, as wild mangosteen. See
Drury's Useful Plants of India.

MANGROVE. The remarkable "mangrove forests"

which fringe tidal estuaries, overrun salt marshes, and line

muddy coasts in the tropics of both Old and New Worlds,

are composed of trees and shrubs belonging to the Ehizo-

phoracex, a small order of calycifloral exogens, mixed,

however, with the "white vmxxgxo-v^," Avicennia, a ver-

benaceous plant. Their trunks and branches constantly

emit adventitious roots, which, descending in arched fashion,

strike at some distance from the parent stem, and send up
new trunks, the forest thus spreading like a banyan grove.

The roots and stems aS'ord lodgment and shelter to innumer-

able bivalves, crabs, and other marine animals, while

the branches are inhabited by aquatic birds. A further

advantage iu dispersal, very characteristic of the order, ij

afforded by the seeds, which havo a striking peculiarity of

germination. While the fruit is still attached to the

parent branch, the long radicle emerges from the seed and

descends rapidly towards the mud, where it may even

establish itself before falling ofi". Owing to its clubbed

shape, this is always in the right position, the plumule

then making its appearance. The wood of some species

is hard and durable, and the astringent bark is employed

in tanning. The fruit of the common mangrove, Phi^opliora

Mangle, L., is sweet and wholesome, and yields a light

wine. See Treasury of Botany, and Lindley's Vegetable

Kingdom.
MANICH^ISM. At the close of the 3d century three

great religious systems stood opposed to one another in

western Asia and the south of Europe ; these were Neo-

Platonism, Catholicism, and Manichreism. All three may
be described as the final results reached, after a history ef

more than a thousand years, by the religious development

of the civilized nations stretching from Persia to Italy.

Each had put off the national and particular character of

the ancient religions, and had become a world-religion, with

universalizing tendencies, and with demands which in their

cfl"oct transformed the whole of human life, both public and

private. The place of national worship was taken by a

system which not only aimed at being a philosophy of God,

the world, and history, but at the same time embraced a

definite code of ethics and a religious ritual. In point of

form, then, the three religions were like each other, as they

also were in this, that each had appropriated elements of

older and widqly different religions. Their mutual resem-

blance becomes still further apparent when we observe

that in all three the ideas of revelation, redemptiou, ascetic

virtue, and immortality come into the foreground. Neo

Platonism, however, was the spiritualized religion of natura

XV. — 61
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Greek polytheism transfigured and developed into Pan-

theism through Oriental influences and philosophical specu-

lations ; Catholicism was the monotheistic universal re-

ligion, based upon the Old Testament and the Gospel, but

built up with the resources of Hellenic speculation and

ethics; Manichreism was the dualistic and universal religion,

founded on Chaldaism, but charged with Christian, Parsic,

and perhaps buddhistic ideas. Ia3Ianich»ism the Hel-

lenic element was wanting, in Catholicism the Chaldseo-

Persian. These three universal religions were developed

iu the course of two centuries (c. 50-250 a.d.), Catholicism

being the earliest and Manichajism the latest creation. To

both of these, however, Neo-Platonism was from the outset

inferior, because it did not possess a founder, and conse-

quently did not develop elemental force, but retained the

character of an artificial creation. Attempts were made to

invent a founder for it, but these, of course, entirely

failed. Catholicism, again, appears as superior to Mani-

chseism, even if we do not look at the contents of the two

religions, because it honoured its founder, not only as a

bearer of revelation, but as Redeemer in His ovm person,

and as the Son of God. The struggle oi Catholicism with

Neo-Platonism had been already decided by about the

middle of the 4th century, though the latter maintained

itself in the Greek empire for nearly two centuries longer.

In its contest with Manichsism, the Catholic Church was

from the outset certain of victory, being at the time the

privileged church of the empire. But this rival could not

be annihilated ; it maintained itself both iu the East and

in the West, though in various forms and modifications,

until far on in the Middle Ages.

Mani's Mani (MdjTjs, Manes, Mavixaio's, Manichseus^) is said,

^^ in the Acta Archelai, to have originally been called

"Cubricus" (according to Kessler, a corruption of "Shura-

ik"). Nothing reliable about his ' life was ever known

in the Gr»oo-Roman empire ; for the account in the Acta

Archelai is quite incredible, and shaped by the objects

of its author. If criticism may succeed in showing the

sources from which this account has flowed, in ascertaining

the tendencies which have been at work in it, and thus in

extracting some solid matter, it can only do so by starting

from the Oriental, the Mohammedan, tradition, which is

comparatively worthy of credence. It is therefore to the

latter alone that we must apply for information. Accord-

ing to it, Mani was a high-born Persian of Ecbatana. The

year of his birth is uncertain, but Kessler accepts as

reliable the statement made by Birunl, that Mani was

born in the year 527 of the astronomers of Babylon

(215-216 A.D.). He received .a careful education at

Ctesiphon from his father FiitAk (IlaTCKtos). As the

father connected himself at a later period with the

confession of the Moghtasilah, or " Baptists," in southern

Babylonia, the son also was brought up in the religious

doctrines°and exercises of this sect. These Baptists (see

the Fihrist) were apparently connected with the Elkesaites

and the Hemerobaptists, and certainly with the Mandseans.

It is not improbable that this Babylonian sect had absorbed

Christian elements. Thus the boy early became acquainted

with very different forms of religion. If even a small part

of the stories about his father is founded on fact,—and
there is no doubt that most of them are mere Manichsean
legends,—it was he who first introduced Mani to that

medley of religions out of which his system arose. Mani-
chrean tradition relates that Mani received revelations

while yet a boy, and assumed a critical attitude towards
the religious instruction that was being imparted to him.
This is the more incredible since the same tradition informs

' The name has not as yet teen explained, nor is it even known
whether it be of Persian or Semitic origin.

lis that the boy was as yet prohibited from making public

use of his new religious views. It was only when Mani
had reached the age of twenty-five or thirty years that he

began to proclaim his new religion. This he did at the

court of the Persian king. Sapor I., and according to the

story, on the coronation-day of that monarch (241-42).

A Persian tradition says that he had previously been a

Christian presbyter ; but this is certainly incorrect. Manj
did not remain long in Persia, but undertook lont*

journeys for the purpose of spreading his religion, and also

sent forth disciples. According to the Acta Archelai, hun

missionary activity extended westwards into the territory

of the Christian church ; but from Oriental sources it is

certain that Mani rather went into Transoxania, western

China, and southwards as far as India. His labours there

as well as in Persia were not without result. Like

Mohammed after him and the founder of the Elkesaites

before him, ho gave himself out for the last and highest

prophet, who was to surpass all previous divine revelation,

which only possessed a relative value, and to set up the

perfect relfgion. In the closing years of the reign ot

Sapor I. {c. 270) Mani returned to the Persian capital,

and gained adherents even at court. But the dominant

priestly caste of the Magians, on whose support the king

was dependent, were naturally hostile to him, and after

some successes Mani was made a prisoner, and had then

to flee. The successor of Sapor, Hormuz (272-273),

appears to have been favourably dispoBed towards him,

but Bahr4m I. abandoned him to the fanaticism of the

Magians, and caused him to be crucified in the capital in

the year 276-7. The corpse was flayed, and Mani's

adherents were cruelly persecuted by the king.

Mani himself composed a large number of works and Manf

epistles, which were in great part still known to the *'''*

Mohammedan historians, but are now lost. The later

heads of the Manich»an churches also wrote religious

treatises, so that the ancient Manichsean literature must

have been very extensive. According to the Fihrist, Mani
made use of the Persian and Syriac languages ; but, like

the Oriental Marcionites before him, he invented an

alphabet of his own, which the Fihrist has handed down to

us. In this alphabet the sacred books of the Manichseans

were written even at a later period. The Fihrist reckons

seven principal works of Mani, six being in the Syriac

and one in the Persian language ; regarding some of these

we also have information in Epiphanius, Augustine, Titus

of Bostra, and Photius, as well as in the formula of

abjuration (Cotelerius, PP. Apost. 0pp., i. 543) and in

the Acta Archelai. They are (1)' The Booh of Secrets (see

Ada Archel.), containing discussions bearing on the Chris-

tian sects spread throughout the East, especially the Mar-

cionites ijnd Bardesanites, and dealing also with their

conception of the Old and New Testaments
; (2) The

Booh of the Giants (Demons t)
; (3) The Booh of Precepts

for Hearers (probably identical with the Epistola Filnda-

vienti of Augustine, and with the Book of Chap)ters of

Epiphanius and the Ada Archelai ; this was the most

widely spread and most popular Manichasan work, having

been translated into Greek and Latin ; it contained a short

summary of all the doctrines of fundamental authority)

;

(4) The Booh Shdhpi'crahdii (Fliigel was unable to ex-

plain this name ; according to Kessler it signifies "epistle

to King Sapor"; the treatise was of an escha* '>ogical

character)
; (5) The Booh of Quichening (Kessler identifies

this work with the "Thesaurus [vitae]" of the Acta

Archelai, Epiphanius, Photius, and Augustine, and if this

be correct, it also must have been in use among the Latin

Manichseans)
; (6) The Booh Trpaynanla. (of unknown con-

tents)
; (7) a book in the Persian language, the title of

which is not given in our present text of the Fihrist, but
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•nrhich is iu all probability identical with the " holy gospel "

of the Mauicba;ans (mentioned in the Acta Archel. and
many other authorities). It was this work which the

Manichaians set up in opposition to the Gospels. Besides

these principal works, Mani also wrote a large number of

smaller treatises and epistles. The practice of writing

epistles was contmued by his successors. These Manichsean

dissertations also became known in the Grseco-Roman
empire, and existed in collections.^ There also existed a

AlanichEean book of memorabilia, and of prayers, in Greek,

as well as many others,- all of which were destroyed by
the Christian bishops acting in conjunction with the

authorities. A Manichssan epistle, addressed to one

Marcellus, has, however, been preserved for us in the Acta
Archelai.^

Though the leading features of Manichaean doctrine

can be exhibited clearly even at the present day, and
though it is undoubted that Mani himself drew up a com-

plete system, many details are nevertheless uncertain, since

they are differently described in different sources, and it

often remains doubtful which of the accounts that have

been transmitted to us represents the original teaching of

the founder.

Tho Manichtean system is one of consistent, uncompro-
mising dualism, in the form of a fantastic philosophy of

Qature. The physical and the ethical are not distinguished,

and in this respect the character of the system is

horoughly materialistic ; for when Mani coordinates good
ivith light, and evil with darkness, this is no mere figure

of speech, but light is actually the only good, and darkness

tho only evil. From this it follows that religious

knowledge can be nothing else than the knowledge of

lature and her elements, and that redemption can only

consist in a physical process of freeing the element of light

from the darkness. Under such circumstances ethics

becomes a doctrine of abstinence in regard to aU elements

which have their source within the sphere of darkness.

The self-contradictory character of the present world
forms the . point of departure for Mani's speculations.

This contradiction presents itself to his mind primarily as

elemental, and only in the second instance as ethical,

inasmuch as he considers the sensual nature of man to be
the outflow of the evil elements in nature. From the

contradictory character of the world he concludes tho

existence of two beings, originally quite separate from each

other—light and darkness. Each is to be thought of

according to tho analogy of a kingdom. Light presents

itself to us as the good primal .spirit (God, radiant with

the ten [twelve] virtues of love, faith, fidelity, high-minded-

iiess, wisdom, meekness, knowledge, understanding, mystery,

and insight), and then further as the heavens of light and
the earth of light, with their guardians the glorious aeons.

Darkness is likewise a spiritual kingdom (more correctly,

it also is conceived of as a spiritual and feminine person-

ification), but it has no "God" at its head. It embraces
an " earth of darkness." As the earth of light has five

tokens (the mUd zephyr, cooling wind, bright light,

quickening fire, and clear water), so has tho earth of

darkness also five (mist, heat, the sirocco, darkness, and

' A fii^Ktov iirKTToKCiv is spoken of in the formula of abjuration,

and an Epistola ad viryinem Menoch by Augustine. Fabricius lias

collected the " Greek fragments of Manichxan Epistles " in his Bihlio-

theca Qrmca (vii. p. 311 sij.).

- Tho Canticum umuiorium is cited by Angustinc.
^ Zittwitz assumes that this epistle w,^s in its origiual form of much

larger extent, and that the author of tho Acts took out of it the matter
for tho speeches which he makes Mani deliver ^^iriBg his disputation

with Bishop Archelau's. The same scholar traces back the account by
Tuii)0 in tlio Acts, and the historical data givin in tho fourth section,

to the writings of Turbo, a Mesopotaraian, who is assumed to have been
ft Manichaean renegade and a Christian. But as to this di^crcQco of

opiiiiou is at least allo^v..ble.

vapour). Satan with his demons was born from the
kingdom of darkness. These two kingdoms stood opposed
to each other from all eternity, touching each other on
one Bide, but remaining unmiagled. Then Satan began to
rage, and made an incursion into the kingdom of light,

into the earth of light. The God of light, with his syzygy,
" the spirit of his right hand," now begot the primal man,
and sent him, equipped with the five pure elements, to
fight against Satan. But the latter proved himself the
stronger, and the primal man was for a moment vanquished.
And, although the God of light himself now took to the
field, and with the help of new «ons (the spirit of life,

&c.), inflicted total defeat upon Satan, and set the primal
man free, the latter had already been robbed of part of his

light by the darkness, and the five dark elements had
already mingled themselves with the generations of light.

It only remained now for the primal man to descend into

the abyss, and prevent the further increase of the generations
of darkness by cutting off' their roots ; but he could
not immediately separate again the elements that had once
mingled. These mixed elements are the elements of the
present visible world, which was formed from them at the
command of the God of light. The forming of the world
is in itself the beginning of the deliverance of tho
imprisoned elements of light. The world is represented
as an orderly structure of various heavens and various
earths, which is borne and supported by the seons, the
angels of light. It possesses in the sun and moon, which
are in their nature almost quite pure, large reservoirs, in

which the portions of light that have been rescued are
stored up. In the sun dwells the primal man himself, as
well as the glorious spirits which carry on the work of

redemption ; in the moon the mother of life is enthroned.
The twelve constellations of the zodiac form an ingenious
machine, a great wheel with buckets, which pour into the
sun and moon, those shining ships that sail continually

through space, the portions of light set free from the
world. Here they are purified anew, and attain finally

to the kingdom of pure light and to God Himself. The
later Western Manichoeans termed those portions of light

which are scattered throughout the world— in its ele-

ments and organisms—awaiting their deliverance, the
Jesus patihilis.

It is a significant mark of the materialistic and inhuman
character of the system' that, while the formation of the
world is considered as a work of the good spirits, the
creation of man is referred to the princes of darkness.

The first man Adam was engendered by Satan in conjunc-
tion with "sin," "cupidity," "desire." But the spirit of

darkness drove into him all the portions of light he had
stolen, in order to be able to dominate them the more
securely. Hence Adam is a discordant being, created in

the image of Satan, but carrying within him the stronger

spark of light. Eve is given him by Satan as his com-
panion. She is seductive sensuousness, though also having
in her a small spark of light. But if the first human
beings thus stood entirely under tjie dominion of the devil,

tho glorious spirits took them under their care from the

very outset, sending mons down to them (including Jesus),

who instructed them regarding their nature, and in particu-

lar warned Adam against sensuality. But this first man
fell under the temptation of sexual desire. Cain and Abel
indeed are not sons of Adam, but of Satan and Eve ; Seth,

however, who is full of light, is the offspring of Adam by
Eve. Thus did mankind come into existence, its various

members possessing very difl'erent shares of light, but the
men having uniformly a larger measure of it than the
women. In the course of history the demons sought to

bind men to themselves by means of sensuality, error, and
false religions (among which is to be reckoned above all
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the religion of Moses and tne prophets), while the spirits

of light carried on their process of distillation with the

view of gaining the pure light which exists in the worM.

But these good spirits can only save men by imparting to

them the true gnosis concerning nature and her forces,

and by calling them away from the service of darkness and

sensuality. To this end prophets, preachers of true

knowledge, have been sent into the world. Mani, follow-

ing the example of the gnostic Jewish Christians, appears

to have held Adam, Noah, Abraham (perhaps Zoroaster

and Buddha) to be such prophets. Probably Jesus was

also accounted a prophet wlio had descended from the

world of light,—not, however, the historical Jesus, the

devilish Messiah of the Jews, but a contemporaneous

phantom Jesus, who neither suffered nor died {Jesus

impalibilis). According to the teaching of some Mani-

chaeans, it was the primal man who disseminated the true

gnosis in the character of Christ. But at all events Mani
himself, on his own claim, is to be reckoned the last and

greatest prophet, who took up the work of Jesus

impatibilis and of Paul (for he too finds recognition), and

first brought full knowledge. He is the "leader," the

"ambassador of the light," the "Paraclete." It is only

through his agency and that of his im^tato^s " the elect,"

that the separation of the light from the darkness can be

completed. The system contains very fantastic descrip-

tions of the processes by which the portions of light when
once set free finally ascend even to the God of light. He
who during his lifetime did not become one of the elect,

who did not completely redeem himself, has to go through a

severe process of purification on the other side of the grave,

till he too is gathered to the blessedness of the light. It

is erroneous, however, to ascribe, as has been done, a

doctrine of transmigration to the Manichaeans. Of course

men's bodies as well as the eouls of the unsaved, who
according to the oldest conception have in them no light

whatever, fall under the sway of the powers of darkness.

A later view, adapted to the Christian one, represents the

portions of light in the unsaved as actually becoming lost.

When the elements of light have at last been completely,

or as far as possible, delivered from the world, the end of

all things comes. All glorious spirits assemble, the God
of light himself appears, accompanied by the seons and
the perfected just ones. The angels supporting the world

withdraw themselves from their burden, and everything

falls in ruins. A tremendous conflagration consumes the

world ; the perfect separation of the two powers takes

place once more ; high above is the'kingdom of light, again

brought into a condition of completeness, and deep below
is the (?now powerless) darkness.

On the basis of such a cosmical philosophy, ethics can
only have a dualistic ascetic character. Manichjean ethics

is not merely negative, however, since it is necessary

to cherish, strengthen, and purify the elements of light,

as well as free oneself from the elements of darkness.

The aim is not self-destruction, but self-preservation ; and
jet the ethics of Manichseism appears in point of fact as

thoroughly ascetic. The Manichaean had above all to

refrain from sensual enjoyment, shutting himself up against

it by three sSals, the sigiwculum oris, mantis, and sinus.

The signaculum oris forbids all eating of unclean food

^which included all bodies of animals, wine, ifec.,—vege-

table diet being allowed because plants contained more
light, though the killing of plants, or even plucking their

fruit and breaking their twigs, was not permitted), as well

as all impure speech. The signaculum manus prohibits all

traffic with things generally, in so far as they carry in them
elements of darkness. Finally by the signandum sinus

every gratification of sexual desire, and hence also marriage,

is forbidden. Besides all this, life was further reeulated

by an exceedingly rigorous system of fasts. Certain

astronomical conjunctions determined the selection of the

fast-days, which in their total number amounted to nearly

a quarter of the year. Sunday was regularly solemnized

as one, and the practice was also generally observed on

Monday. Hours of prayer were determined with equal

exactness. The Manichaean had to pray four times a day,

each prayer being preceded by ablutions. The worshipper

turned towards the sun, or the moon, or the north, as the

seat of light ; but it is erroneous to conclude from this, as

has been done, that in Manichaeism the sun and moon
were themselves objects of worship. Forms of prayer used

by the Manichaeans have been preserved to us in the

Fihrist. The prayers are addressed to the God of light,

to the whole kingdom of light, to the glorious angels, and
to Mani himself, who is apostrophized in them as " the

great tree, which is all salvation." According to Kessler,

these prayers are closely related to the Mandaean and the

ancient Babylonian hymns. An asceticism so strict and

painful as that demanded by Manichaeism could only be

practised by few; hence the religion must have abandoned
all attempts at an extensive propaganda, had it not con-

ceded the principle of a twofold morality. A distinction

was made in the community between the Elecli (Per/ecti),

the perfect Manichaeans, and the Catechumeni (Audilores),

tlie secular Manichaeans. Only the former submitted

themselves to all the demands made by their religion

;

for the latter the stringency of the precepts was relaxed.

They liad to avoid idolatry, sorcery, avarice, false-

hood, fornication, &c.; above all, they were not allowed

to kill any living being (the ten commandments of

Mani). Tbey had also to free themselves as much as

possible from the world; but in truth they lived very

much as their non-Manichaean fellow-citizens. We have

here essentially the same condition of things as in the

Catholic Church, where a twofold morality was also in

force, that of the religious orders and that of' secular

Christians,—only that the position of the electi in

Manichaeism was a more distinguished one than that of

the monks in Catholicism. For, after all, the Christian

monks never quite forgot that salvation is given by God
through Christ, whereas the Manichaean electi were

actually themselves redeemers. Hence it was the duty of

the auditores to pay the greatest respect and most

assiduous attention to the electi. These " perfect ones,"

wasting away under their asceticism, were objects of

admiration, and of the most elaborate solicitude.^ Food
was presented to them in abundance, and by their eating

it the electi set free the portions of light from the

vegetables. They prayed for the auditores, they blessed

them and interceded for them, thereby shortening the

process of purification the latter had to pass through after

death. It was only the electi, too, who possessed full

knowledge of religious truths, a point of distinction from

Catholicism.

The distinction between electi and auditores, however,

does not exhaust the conception of the Manichaean

Church ; on the contrary, the latter possessed a hierarchy

of three ranks, so that there were altogether five grada*

tions in the community. These were regarded as a copy

of the ranks of the kingdom of light. At the head stood

the teachers ("the sons of meekness," Mani himself and

his successors) ; then follow the administrators (" the sons

of knowledge," the bishops) ; then the elders ("the sons of

understanding," the presbyters) ; the elecli {" the sons of

mystery ") ; and finally the auditores (" the sons of

* Analogous to this Is the veneration in -which the Catholic monks
and the Neo-PIatonic " philosoplievs " were held, but the prestige oi

the Maniehtean electi was gi'cater than tliat of tlie works and the

T)liUosopUers.
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insight"). The number of tlie electi must always have

been small. Accordiag to Augustiue the teachers vrere

twelve and the bishops seveuty-two in number. One of

the teachers appears to have occupied the position of

superior at the head of the whole Mauichsean Church.

At least Augustine speaks of such a personage, and the

Fihrist also has knowledge of a chief of all JIanichseans.

The constitution, therefore, had a monarchic head.

The worship of the JIanichseans must have been very

simple, and must have essentially consisted of prayers,

liymnS, and ceremonies of adoration. This simple service

promoted the secret dissemination of their doctrines. The

Manichjeans too, at least in the West, appear to have

odapted themselves to the church's system of festivals.

The electi celebrated special feasts; but the principal

festival with all classes was the "Bema" (/J';//a) the feast

of th« "teacher's chair," held in commemoration of the

death of Mani in the month of March. The faithful

prostrated themselves before an adorned but empty chair,

which was raised upon a podium of five steps. Long fasts

accompanied the feasts. The Christian and Mohammedan

historians could learn little of the Manichoean mysteries

and "sacraments," and hence the former charged them

with obscene rites and abominable usages. It may be

held as undoubted that the later Manichceans celebrated

mysteries analogous to Christian baptism and the Lord's

Supper, which may have rested upon ancient consecration

rites and other ceremonies, instituted by Mani himself and

having their origiti in nature worship.

From -the foregoing account it will be evident, as

indeed from ihodern investigation it is certain, that

Manichaeism did not originate on Christian ground. It

would be more proper to speak of Mohammedanism than

of Manich«ism as a Christian sect ; for Mohammed
stands in a far closer relation to the Jewish and Christian

religions than did Mani. It is Kessler's merit to have

shown that the ancient Babylonian religion, the original

source of all the gnosis of western Asia, was the basis of

the Manicha;an system. Hence the erroneousuess of the

assumption, which formerly prevailed, that Manicha;ism

was a reform movement of Parsism, a modification of

Zoroastrianism under the influence of Christianity.

ManichKism is a system which rather belongs to the

Semitic group of religions. It is the Semitic religion of

nature, withdrawn from national limits, •modified by
Christian and Persian elements, elevated into a gnosis,

and transforming human life by the iuUuence of stringent

regulations. But the recognition of this fact only supplies

us with a" very general explanation" of the origin of

Manichseism. "The question still remains, through what
channels and to what extent Maiii adopted those Persian

and Christian elements, and further, in what form the

ancient nature religion of Babylonia was utilized by him.

As far as the latter point is concerned it is known that,

two centuries before Mani, the Semitic nature-religions

had already been taken up by various cnthu.=iastir or

•speculative spirits, who had given them philosophic depth
and moulded than into "system.s," which were propagated

with the aid of mysterious rites. Mani's undertaking,

then, was by no means a novel one, but was rather the

last in a long series of similar efforts. Again, even in the

eirlier of these attempts, from that of Simon Magus
onward. Christian elements had been adopted to a greater

or less extent ) and the sects of the Christian gnostic

schools of Syria and western Asia may all be traced back
to the nature-religions of ancient Scmitism, transformed
into a philosophy of the world and of life. It is the

Babylonian sect of the Moglitasilah that seems to have fur-

nished Maui with the matter of his religious philosophical

speculations, aud the religion of this sect was purely

Semitic (see Mand^ans ; the Mandaeans were related to

the Jloghtasilah). This was the source of the thorough-

going dualism which forms the basis of Mani's system ; for

the ancient Persian religion was not essentially dualistic,

but was at bottom monistic, since Ahriman is created by

Ormuzd. At the same time Mani turned the theologu-

mcna of ancient Persia also to account. The fact that the

two opposed elements are called " light " and " darkness "

can hardly be independent of Parsism, and JIauichaeism

uses other termini technici of the Persian religion.

Whether Mani's idea of redemption is to be traced to the

ancient Babylonian or to the Zoroastrian religion we do

not venture to decide. The idea of " the prophet " and^

" the primal man " is at all events Semitic.

It is very difficult to determine what was the extent cf

Mani's knowledge of Christianity, how much he himself

borrowed from it, and through what channels it reached

him. In any case it is certain that Manichaeism, in those

districts where it was brought much into contact with

Christianity, became additionally influenced by the latter

at a very early period. The Western Manichaeans of the

4th and 5th centuries are much more like Christians than

their Eastern brethren. In this respect Manichaeism ex-

perienced the same kind of development as Neo-Platonism.

As regards Maui himself, it is safest to assume that he held

both Judaism and Catholic Christianity to be entirely false

religions. It is indeed true that he not only described

himself as the promised Paraclete—for this designation

probably originated with himself—but also conceded a

high place in his system to " Jesus ;
" we can only conclude

from this, however, that he distinguished between Christi-

anity and Christianity. The religion which had proceeded

from the historical Jesus he repudiated together with its

founder, and Catholicism as well as Judaism he looked

upon as a religion of the devil. But he distinguished

between the Jesus of darkness and the Jesus of light who
had lived and acted contemporaneously with the former.

This distinction agrees with that made by the gnostic

Basilides no less strikingly than the Manichiean criticism

of the Old Testament does with that propounded by the

Marcionites (see the Acta Archelai, in which Mani is made
to utter the antitheses of Marcion). Finally the Mani-

chaean doctrines exhibit points of similarity to those of

the Christian Elkesaites ; but, as it is possible, and even

probable, that such resemblances are to be ascribed to a

common ancient Semitic source, they do not here call for

further consideration. The historical relation of Mani

to Christianity is then as follows. From Catholicism,

which he very probably had no detailed knowledge of, he

borrowed nothing, rejecting it as devilish error. On the

other hand, he looked upon what he considered to be

Christianity proper, that is, Christianity as it had been

developed among the sects of Basilidians, Marcionites, and
perhaps Bardesanites, as a comparatively valuable and
sound religion. He took from it, however, as from the

Persian religion, hardly anything but names, and, perhaps

we may add, a criticism of the Old Testament and of

Judaism so far as he required it. Indications of the

influence of Marcionitism are found in the high estimation

in which Mani held tho apostle Paul, and in the fact that

he explicitly rejects the Book of Acts. Mani appears to

have given recognition to a portion of the historical matter

of the Gospels, and to havo interpreted it in accordance

with his own doctrine. In conclusion, it remains to l)e

asked whether Buddhistic elements can also bo detected in

Manichiism. Most modern scholars since F. C. Baur have
answered this question in the aflirmative. According to

Kessler, Mani made use of the teaching of Buddha, at

least as far as ethics was concerned. It cannot be doubted
that Mani, who undertook lon;^ joufney as far as ludia.
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knew of Buddhism. The name Buddha (Buddas) which

occurs in the legendary account of Man!, and perhaps in

the htter's ovra writings, indicates further that he had
occupied bb attention with Buddhism when engaged in the

work of founding his new religion. But his borrowings

from this source must have been quite insignificant. A
detailed comparison shows the difference between Buddhism
and Manichseism in all their principal doctrines to be very

great, while it becomes evident that the points of resem-

blance are almost everywhere accidental. This is also

true of the ethics and the asceticism of the two aj^tems.

There is not a single point in Manicha;ism which demands
for its explanation an appeal to Buddhism. Such being

the case, the relationship between the two religions

remains a mere possibility, a possibility which the inquiry

of Geyler {Bas System des Manichxismua und sein

VerJUfUnus zum Btiddhismus, Jena, 1875) has not been

able to elevate into a probability.

How are we to explain the rapid spread of Manichieism,

and the fact that it really became one of the great religions 1

One answer is that Manichseism was the most complete

gnosis, the richest, most consequent, and most artistic

Bystom formed on the basis of the ancient Babylonian re-

ligion (so Kessler). This explanation is insu£Scient, for no

religion operates mainly through the perfection of its system

of doctrine ; and it is not strictly correct, for the older

gnostic systems were not less richly equipped than the

Manichajan. What gave strength to Manichieism was
rather that it united an ancient mythology and a thorough-

going materialistic dualism with an exceedingly simple

spiritual worship and a strict morality. On comparing it

with the Semitic religions of nature, we perceive that it

retained their mythologies, after transforming them into

"doctrines," but abolished all their eensuous cultus,

substituting instead a spiritual worship as well as a strict

morality. Manichseism was thus able to satisfy the new
wants of an old world. It offered revelation, redemption,

moral virtue, and immortality, spiritual benefits on the

basis of the religion of nature. A further source of

strength lay in the simple yet firm social organization

which was given by Mani himself to his new institution.

The wise man and the ignorant, the enthusiast and the man
of the world, could all find acceptance here, and there was
laid on no one more than he was able and willing to bear.

Each one, however, was attached and led onward by the

prospect of a higher rank to be attained, while the

intellectually gifted had an additional inducement in the

assurance that they did not require to submit themselves

to any authority, but would be led to God by pure reason.

Thus adapted from the first to individual requirements,

this religion also showed itself able to appropriate from
time to time foreign elements. Originally furnished from
fragments of various religions, it could increase or diminish

this possession without rupturing its own elastic framework.

And, after all, great adaptability is just as necessary for a
universal religion as a divine founder in whom the highest

revelation of God Himself may be seen and reverenced.

Manichseism indeed, though it applies the title " redeemer "

to Mani, has really no knowledge of a redeemer, but only of

a physical and gnostic process of redemption ; on the other

hand, it possesses in Mani the supreme prophet of God.
[f we consider in conclusion that Manichseism gave a
simple, apparently profound and yet convenient solution of

the problem of good and evil, a problem that had become
peculiarly oppressive to the human race in the 2d and 3d
centuries, we shall have named the most important factors

which account for the rapid spread of the system.
Manichgeism first gained a firm footing in the East.

(.«., in Persia, Mesopotamia, and Transoxania. The
£K;rsecutios£ it had to endure did not tiinder its extension.

The seat of the Manichasan pope was for centuries in

Babylon, at a later period in Samarkand. Even after the

conquests of Islam the Maniduean Church continued to

maintain itself, indeed it seems to have become still more
widely diffused by the victorious campaigns of the

Mohammedans, and it frequently gained secret adherents

among the latter themselves. Ic^ doctrine and discipline

underwent little change in the East ; in particular, it drew
no nearer to the Christian religion. More than once,

however, Manicbieism experienced attempts at reforms^

tion ; for of course the auditores very easily be^ma
worldly in character, and movements of reformation led

temporarily to divisions and the fornlation of sects.

Towards the close of the 10th century, at the time the

Fihrist was written, the ^Manichasans in Mesopotamia and

Persia had already been in large measure ousted from the

towns, and had withdrawn to the villages. But in

Turkestan, and as far as the Chinese frontier, there existeu

numerous Manichsean communities, and even whole tribes

that had adopted the name of Mani. Probably it was the

great migrations of the Mongolian race that first put au

end to ManichEeism in Central Asia. But even in the

15th century there were Manichseans living beside the

Thomas-Christians on the coast of Malabar in India

(see Germann, Die Thomas-Christen, 1875). Manichacism

first penetrated the Greek-Roman empire about the year

280, in the time of the emperor Probus (see the Chronicon

of Eusebius). If we may take the edict of Diocletian

against the Manichaeans as genuine, the system must have

gained a firm footing in the West by the beginning of Iho

4 th century, but we know that as late as about the year

325 Eusebius had not any accurate knowledge of the sect.

It was only subsequent to about 330 that Mauichaeism

spread rapidly in the Roman empire. Its adherents were

recruited on the one hand from the old gnostic sects

(especially from the Marcionites,—Mauichaeism exerted

liesides this a strong influence on the development of the

Marcionile churches of the 4th century), on the other

hand from the large number of the "cultured," who were

striving after a "rational" and yet in some manner
Christian religion. Its polemics and its criticism of the

Catholic Church now became the strong side of Maui-

chaeism, especially in the West. It admitted the stumb-

ling-blocks which the Old Testament offers to every

intelligent reader, and gave itself out as a Christianity

without the Old Testament. Instead of the subtle

Catholic theories concerning divine predestination and
human freedom, and instead of a difiicult theodicaea, it

offered an exceedingly simple conception of sin and

goodness. The doctrine of the incarnation of God, which

was especially objectionable to those who were going over

to the new universal religion from the old cults, was not

proclaimed by Manichjeism. In its rejection of this

doctrine Manichseism agreed with Neo-Platonism ; but,

while the latter, notwithstanding all its attempts to

conform itself to Christianity, could find no formula by
which to inaugurate within its own limits the special

veneration of Christ, the Western Manichseans succeeded

in giving their teaching a Christian tinge. The only part

of the Manichaean mythology that became popular was the

crude, physical dualism. The barbaric elements were

judiciously screened from view as a "mystery;" they

were, indeed, here and there explicitly disavowed even by

the initiated. The further Manichseism advanced into the

West, the more Christian and philosophic did it become.

In Syria it maintained itself in comparative purity. In

North Africa it found its most numerous adherents, gaining

secret support even among the clergy. The explanation or

tliis perhaps lies itrthe fact that one part of the popnlation

of North Africa was of Semitic origin. Augustine was at
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auditor for nine years, -while Faustus was at that time the

most esteemed Manichaean teacher in the West. Augustine

in his later writings against the ManichKans deals chiefly

with the following problems :—(I) the relation between

knowledge and faith, and between reason and authority

;

(2) the nature of good and evil, and the origin of the

latter
; (3) the existence of free will, and its relation to

the divine omnipotence ; (4). the relation of the evil in the

world to the divine government.

The Christian Byzantine and Boman emperors, from
Valens onwards, enacted strict laws against the Mani-

chseans. But at first these bore little fruit. The auditores

were difficult to trace out, and besides they really gave

little occasion for persecution. In Rome itself between

370 and 440 Manichseisni gained a large amount of

support, especially among the scholars and public teachers.

It also made its way into the life of the people by means
of a popular literature in which. the apostles were made to

play a prominent part {Apocryvlial Ads of ike Apostles).

Manichaeism in the West had also some experience of

attempts at reformation from the ascetic side, but of Aese
we know little. In Rome Leo the Great was the first

who took energetic measures, along with the state

authorities, against the system. Valentinian III. decreed

banishment against its adherents, Justinian the punish-

ment of death. In North Africa Manichaeism appears to

have been extinguished by the persecution of the Vandals.

But it still continued to exist elsewhere, both in the

Byzantine empire and in the West, and in the earlier part

of the Middle Ages it gave an impulse to the formation of

new sects, which remained related to it. And, if it has

not been quite proved that so early as the 4th century the

Priscillianists of Spain were influenced by Manichseism, it

is at least undoubted that the Paulicians and Bogomiles as

well as the.'Catharists and the Albigenses are to be traced

back to Manich.'eism (and Marcionitism). Thus the

system, not indeed of Mani the Persian, but of Manichaeism

as modified by Christian influences, accompanied the

Catholic Church until the 13th century.

Sources. ~~{a) Oriental. Among tlic sources for a history of Mani-
chKism, the most important are the Oriental. Of these the Mo-
hammedan, though of comparatively late date, are distinguished by
the excellent manner in which they have been transmitted to us, as
well as by their impartiality. They must bo named first, because
ancient Manichaean writings have been used in their construction,

while, with the exception of some small and rather unimportant
pieces, we possess no other original Manichman works dating from
the 3(1 century. At the head of all stands En-Nodim, FihrUt {circa

980), edited by Flugel (1871-72); comp. the latter's work Mani,
seine Lehrc «. seine Schriften, 1862. See also Shahrasliiii, Kitdb
al-milal wan-mi^al (12th cent.), edited by Curcton (1846) and
translated into German by Haarbriicktr, 1851, and individual notes
and excerpts by Tabari (10th cent.), Al-Birini (11th cent), and
other Arabian and I'crsiau historians.

Of the Christian Orientals those that afford most information
are Ephraem Syrus (ob. 373), in various witings ; the Armenian
Esnik (SCO Zeitsch. f. hist. Tlieol., 1840, ii. ; Langloia, Collection,

ii. 375 sq.), who wrote in the 6th century against Marcion and
Mani ;. and the Alexandrian patriarch Eutychius (oh. 916),
Annates, ed. Pococke, 1628. There aro besides scattered pieces
of information in Aphraates (4th cent.), Barhebraans (13th cent.),
and others.

(6) Greek and Latin. The earliest mention of the Manichtcans
in the Grajco-Roman empire is to be found in an edict of Diocletian
(see Iliinel, Cod. Grcgor., tit. xv.), which is held by some to bo
spurious, while others assign it to one or other of the years 287,
290, 296, 303 (so Mason, Tlie Persec. of Diocl, p. 275 sq.). Eusobius
gives a short account of the sect III. E., vii. 31). It was the Acta
Arckclai, however, that became the principal source on the subject
of Manichaeism for Greek and Roman writers. These Acta are not
indeed what they give themselves out for, viz., an account of a
disputation held between Mani and the bishop Archolaus of Cascar
iu Mesopotamia

; but they nevertheless contain much that is trust-
worthy, especially regarding the doctrine of Mani, ond they also
include Manichncnn documents. They con.sist of various distinct
(i-ecos, and originated in the beginning of the 4th century, probably
It Edeaso. They were translated oa early as the firat half of the

same contury from the Syriac (as is munlained by Jerome, De Vir
HlvM., 72 ; though this is doubted by modem scholars) into Greek,
and soon aftenvards into Latin. It is only this secondary Latir
version that ive possess (edited by Zacagni, 1698; Routh, Rcliq.

Scu:., vol. v., 1848; translated in Clark's Ante-Niccnc Library,
vol. XX.); small fragments cf the Greek version have been pre-

served. Regarding the Ada ArcJielai, see Zittwitz in Zcitschr.

f. d. hislor. Theol.; 1S73, and _ Oblasinski, Acta disp. Arch, a
Manetis, 1874. In the form in which we now possess them, they
are a compilation after the pattern of the Clementine Homilies,
and have been subjected to manifold redactiona These Acta were
used by Cyril of Jerusalem [Catcch.', 6), Epiphanfus {Hxr., 66), and
a great number of other writers. - All the Greek and Latin heresi-

ologists have iuclnded the Manichceans in their catalogues ; but
they seldom adduce any independent information regarding them
(see Theodoret, Hxr. fab., i. 26), Important matter is to be found
in the resolutions of the councils from the 4th century onwards
(see llansi. Acta Condi., and Hefele, Conciliengeschichte, vol. i.-iii. ),

and also in the controversial writings of Titus of Bostra (6th cent),

Tlpii! Mavixaiovs (ed. Lagarde, 1859), and of Alexander of Lycopolis,

A6yos irphs Tat Manxafou S6(as (ed. Combefis ; transl. in Ante-Nic.
Lib., vol. xiv. Of the Byzantines, the most worthy of mention
are John of Damascus (Ve Hares, and Dialog.) and Photius {cod.

179 Biblioth. ). The struggle with the Paulicians and the Bogomiles,
who were often simply identified with the Manichseans, again
directed attention to the latter. In the West the works of Augus-
tine are the great repertory for information on the subject of

Manichaeism {Contra cpistolam Manichxi, quain vocant funda-
menti ; Contra Faustum ManicJimum ; Contra Fortunatum ; Contra
Adimantum ; Contra Secundimom ; De actis cum Felice Manicliseo

;

De Genesi c. Manichxos ; De natura boni ; De duabits animabus ;

De •ulilitate credcndi ; De moribus eccl. catlwl. et de moribus
Manichseorum ; De hseres.). The more complete the picture,

however, which may here be obtained of Manichteism, the more
cautious must we be in making generalizations from it, for it

is beyond doubt that Western Manichaeism adopted Christian
elements which are wanting in the original and in the Oriental

Manichaeism.
Literature.—The most important works on Manichaeism are

Beausobre, Hist, critique de ManicMe et du Manickiisme, 2
vols., 1734 sq. (the Christian elements in Manichaeism are here
strongly, indeed too strongly, emphasized) ; Baur, Das manich.
Jleligionssystcm, 1831 (in this work Mauichjean speculation is

exhibited from a speculative standpoint) ; Fliigel, Manx, 1862 (a

very careful investigation on the basis of the Fikrist) Kessler,
Untersuchung zur Genesis des manith. Rcligionssystems, 1876 ;

and the article " Mani, Manichiier," by the same writer in Herzog-
Plitt's R.E., is. 223-59. This article is very thorough, and leads
to piost favourable expectations regarding the author's forthcoming
work. The accounts of Mosheim, Lardner, Walch, and Schrockh,
as well as the monograph by Trechsel, Ueber Kanon, Kritik, und
Excgcse dcr Manichiier, 1832, may also be mentioned as still useful.

The various researches which have been made regarding Parsism,
the ancient Semitic religions, Gnosticism, &c., are of the greatest
importance for the investigation of Manichteism. (A. HA.)
MANILA (less correctly Mjinilla), the capital of

Luzon and the Philippine Islands, and the centre of

Spanish commerce in the East, was founded by Legaspi
in 1571, and is situated on the eastern shore of a circular

bay 120 nautical miles in circumference, 14° 3C' N. lat. and
120° 52' E. long. The country around the bay is more or

less flat in character, and in the &fj season almost bare of

vegetation, so that, excepting the Mafonso and Mat^o
mountains behind Manila, and the chains of mountains
running north and south of the entrance to the bay, there

is really nothing attractive about the harbour. It is unsafe

in the north-east and south-west monsoons, and vessels over

300 tons have to run for shelter to the naval port of Cavity
the smaller craft finding a safe anchorage behind a break-

water facing the mouth of the Pasig. A new breakwater,

however, was commenced in 1880 for large vessels. This
river Pasig, which is about 14 miles long, is fed by an inland

lake called the Laguna de Bayo, and on its way into the

harbour it divides Manila into two parts. On its northern

bank are large commercial warehouses, a bazaar occupied

chiefly by Chinese, known as the Escolta, and trending

eastwards an extensive suburb of native dwellings extending
some miles up the Pasig. Beyond the Escolta lie Binondo,
the business part of Manila, and San Miguel, the fashion-

able quarter where Spaniards and foreigners have their resi-

dence, and where since the earthnuake of l&SO two palace)
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have oeen erected for the governor or captaiu-general and
for the admiral of the fleet There are numerous churches

and barracks in this part of the town, and several public

buildings, of which the following may be mentioned,—the

hospital of St Lazarus, the garnero or large military

storehouse, and the famous cigar factory, covering a space

of about 6 acres, and employing daily 10,000 women.
Beyond and blending as it were with Binondo are villages

in which the governor has his country house, and where

Europeans have built pretty villa residences. A stone

bridge and a new suspension bridge connect Binondo or

modern Manila with the suburb opposite and the old fort

of St lago, situated on the south bank and about a mile

from the mouth of the Pasig. Within the fort wall lies

the old city, or, as it is commonly called, the Plaza de
Manila. It is approached by several gates—the principal

being the Entrada, near which stands the custom-house.

It has several squares, and the streets running at right

angles with each other are fairly broad and clean, but, as

no trade is carried on in this part of the town, they are dull

by day, and, as only oil lamps are used, gloomy by night.

The public edifices, such as the governor's palace, the

town-hall, and the cathedral, are in a large square, in the

centre of which is a statue of Charles IV. surrounded by a

garden of flowers. To these may be added the civil and
military hospitals, the mint and museum, the university

and the academy of arts, the arsenal, the prison, and
numerous barracks, convents, and monasteries. Beyond
the walls is the cahada or esplanade, with a small ^laseo

or promenade facing the bay, where three or four military

bands play twice a week to a large concourse of people.

This.forms the chief out-door attraction for the 6lite of

Manila. There are two theatres—occasionally visited by
European companies ; but there is a want of the caf^s and
bull fights so associated with Spanish life. Evening recep-

tions are given by the Spaniards, where cards and music
serve to while away the time, and the well-to-do Tagalo,

besides imitating his masters in all their amusements, has
another to which he is passionately addicted, viz., cock-

fighting. This is under Government control, and in town
cm only be held in licensed cockpits, which in 1878
yielded above £33,000 to the revenna The native officials

may sometimes be a little officious and overbearing ; but
the natives generally, especially those out of Manila, are

as hospitable to the stranger as the Spaniard.

The p'opulation in the walled town, inclusive of the
garrison, is given in the consular reports for 1880 as

12,000, and that of Binondo and the suburbs as 250,000
to 300,000. In 1842 the total was rather more than
150,000.

The climate is healthy, and though hot is not unbearably
BO, the mean temperature being about 82°'6 ^'ahr. The
hot season prevails from March to the end of June ; the
rest of the year may be said to be showery and stormy.
The chief climatic drawbacks to a residence in Manila are

hurricanes, earthquakes, and fearful thunderstorms. Great
damage was done to property by a tornado of exceptional
severity in October 1882.

The cemetery of Mauila is well suited for a hot climate and the
backward condition of its sanitary arrangements. It is a large
circular area, surrounded by an outer and an inner wall,' with
horizontal recesses between them placed one above another in tiers.

On the arrival of a body for sepulture it is taken out of its coffin
and put into one of these recesses

; quicklime is then spread upon
it and the month of the recess bricked np. If the recess is the
property of the relatives of the. dead, the body remains undis-
turbed for ever. If otherwise, it remains until the recess is abso-
lutely required for another inmate, when the bones, the only remains
left of the deceased, are collected and carefully deposited in a large
hollow or fosse kept for that purpose.

For two centuries after the Spanish settlement the trade of Manila
with the Western world was carried on via Acapulco and Mexico

;

and it was not till 17fi4 that even the Spauish vessels began lO com*
round by the Cape. The port, however, was opened with some
restrictions to foreign vessels in 1789

;
permission for the establish-

ment of an English commercial house was granted in 1809 ; the
same liberty was before lon^ extended to other nationalities ; and
in 1834 the privileges of the Royal Company of the Philippines
expired and left the commercial movement to its natural tendencies.
Since that time the trade of Manila has greatly increased. Whilo
in 1840 the port was entered by 187 vessels with a burden of about
57,000 tons, the corresponding figures for 1881 are, including 182
steamers, 317 vessels (British, 118; Spanish, 95; German, 38), with
a burden of 244,000 tons. Manila hemp {abaca), sugar, cigars, and
coffee are the chief articles of export ; and sapan wood, mother of
pearl, and gum are regular though secondary items. The quantity
of hemp shipped at Manila has increased from 628,206 piculs

(1 picul = 139 lb) in 1877 to 662,886 in 1881, and in the same
penod the quantity of sugar has risen from 1,215,066 piculs to

2,001,310. Britain and the United States are the great markets
for both. The average number of cigara exported is 92,620,000, the
greater proportion going to Singapore and China. The total value
of the exports was £5,460,000 in 1881, against £2,679,000 in 1864 ;

and a corresponding increase has taken place in the imports.
Telegraphic communication between Mauila and Hong-Kong was

established in 1880.

MANILA HEMP, the -most valuable of all fibres for

cordage, is the produce of the leaf-stalks of Musa textilis, a

native of the Philippine Islands. The plant, called ahaca

by the islanders, throws up a spurious stem from its

rhizome, consisting of a tluster of sheathing leaf-stalks

which rise to a height of from 20 to 30 feet, and spread

out into a crown of huge undivided leaves characteristic

of the various species of Alusa (plantain, banana, ic). In

its native regions the plant is rudely cultivated solely as

a source of fibre ; it requires little attention, and when
about three years old develops flowers on a central stem,

at which stage it is in the most favourable condition for

yielding fibre. The stock is then cut down, and the sheath-

ing stalks torn asunder and reduced to small strips. These
strips in their fresh succulent condition are drawn between
a sharp knife-edged instrument and a hard wooden block

to which it is fixed, and by repeated scraping in this way
the soft cellular matter which surrounds the fibre is

removed, and the fibre so cleaned has only to be hung up
to dry in the open air, when, without further treatment, it

is ready for use. Each stock yields, on an average, a little

under 1 K) of fibre; and two natives cutting down plants arid

separating fibre will prepare not more than 25 !b per day.

The fibre yielded by the outer layer of leaf-stalks is hard,

fully developed, and strong, but the produce of the inner

stalks is increasingly thin, fine, and weak. The finer fibre

is used by the natives, without spinning or twisting (the

ends of the single fibres being knotted together), for

making exceedingly fine, light, and transparent yet com-
paratively strong te.xtures, which they use as articles of

dress ancf ornameiitr The hemp exported for cordage

purposes is a somewhat woody fibre, of a bright brownish-

white colour, and possessing great durability and strain-

resisting power. It contains a very considerable amount
of adherent pectinous matter, and an unusually large pro-

portion, as much as 1 2 per cent., of water in a dry condition.

In a damp atmosphere the fibre absorbs moisture so freely

that it has been found to contain not less than 40 per cent,

of water, a circumstance which dealers in the raw fibre

should bear in mind. The plant has been introduced in.to

many tropical lands ; but the cheapness of labour in its

native region.s, and its abundance there, prevent its being a
profitable substance for general cultivation. The entire

supply comes from Manila and Cebu in the Philippine

Islands, where its cultivation and preparation must give

employment to a very large population. The exports,

which are increasing with great rapidity, amounted in 1881

to about -400,000 bales of 2;) cwts. each, almost the whole

of which goes to the United Kingdom, the United States,

and the Australian colonies The quantity imported into



M A N— M A N 489

the United Kingdom in 1881 was 346,908 cwts., valued

at. £678,5 14. The fibre is now so valuable that manila

hemp cordage is freely adulterated by manufacturers,

chicHy by admixture of phormium (New Zealand flax)

and Eussian hemp.

MANILIUS, a Roman poet, was the author of a poem

in five books called Astronomica. Nothing is recorded of

the author; he is neither quoted nor mentioned by any

ancient writer. His very njme is uncertain, but was

probably Marcus Manilius. From the work itself it may
be gathered with much probability that the writer lived

under Augustus or Tiberius, and that he was a citizen of

and resident in Eome. He bears the name of a distin-

guished plebeian family. His work is one of great learn-

ing; he had studied his subject in the best writers, and

generally represents the most advanced views of the

ancients on astronomy. It is, however, destitute of

pjetical or literary merit. It is difficult to explain how a

work of such learning on a subject whicli was studied

with such interest by the ancients should have remained

so neglected. Firmicus, who wrote in the time of

Constantine, has so many points of resemblance with the

work of Manilius that he must either have used him or

have followed some work that Manilius also followed. As
Firmicus says that hardly any Koman except Caesar,

Cicero, and Fronto had treated the subject, it is probable

that he did not know the work of Manilius. The latest

event referred to in the poem is the great defeat of 9 A.D.

MANIM, Daniele (1S04-1S57), president of the

Venetian republic in 1818-49, and one of the principal

founders of Italian independence, was born in Venice on

the 13th May 1804. He studied at Padua, graduating as

doctor of laws when only seventeen j'ears of age, and soon

after translated Pothier's large treatise Sur le Droit

Romain. To his father, an eminent barrister, he was

indebted not only for much of his skill in jurisprudence

but for his strong republican bias, having as a boy con-

stantly heard him denounce indignantly the injustice of

Bonaparte in handing Venice over to Austria by the

scandalous treaty of Campio. Formio. In 1830 Manin
commenced practice as an advocate, but only to become
conscious of the harsh restrictions laid by Austria upon
the administration of law. That and the following year

showed some stirrings of political life in Italy ; and Manin,

already the leading spirit in Venetia of the new national

party, strove to train his countrymen to united purpose

and action. The question of a railway to Milan, for in-

stance, or whether the Indian mail should go by Venice,

was utilized to quicken the patriotic instinct by thwarting

the Government, and that without neglecting the great

principle "legality and publicity"—which tUl 1848 was

his unswerving rule of conduct.

In 1847 he spoke ably on political economy at tho

scientific congress held in Venice, and soon after presented

two petitions to the "congregation,"—a shadowy delibera-

tive assembly which was toleratad by Austria, His
principal demands were—separate government of Venice

and Lombardy, revision of the code, an annual budget,

freedom of the prsss, and religious equality. On the

18th January 1848, soon aft3r Radetsky'a cruc' treatment

of Milan, he was arrested, but only to inteusify the

patriotic enthusiasm of the people. Tho population of

Venice marched past his prison silently and mournfully,

every head uncovered. The carnival (that year spent in

gloom) was scarcely over, however, when the glad news
from Sicily, Naples, and Paris so worked upon their minds
that tho Austrian authorities were forced to feel that the

revolutionary wave had reached Venice. On the 17th
March Manin was carried in triumph to tho Place St Mark,
and virtually declared dictator. Now that the moment for

action was come he immediately formed a civic guard, and
by his energy and earnestness inspired all classes of the
citizens to act as onp man. On the 22d the dictator

became president of the new republic of St Mark, to cope
alone with all the difficulties of administration, organiza-

tion, and finance. In March 1849, on the defeat of King
Charles Albert, Venice had to prepare herself resolutely

for defence ; and on the 2d April there was passed in the
palace of the Doges a decree in two clauses :— " (1) Venice
will resist the Austrians at whatever cost

; (2) the president

Manin is invested with unlimited powers." On the 26Lh
May one outlying fort was taken, but on the 3d July,

when Eome and Mazzini liad succumbed to the French,
Venice and Manin were still strenuous in their heroic

defence. Only when cholera had also attacked them,
when food and ammunition were spent and people were
dying of hunger, when every house not burned down was
riddled by the shot and shell of the bombardment, and no
gleam of hope from without was visible, was the capitu-

lation signed, 24th August, on terms of amnesty to all

except the president and thirty-nine other chizens.

Leaving Venice on the 27th, with his wife and two
children, Manin spent the rest of his life in Paris, where
he maintained a modest independence by teaching his

native language. His energies were still devoted to the

unification of Italy, so that, whether as a republic or as a

kingdom, she might be freed from Austrian domination.

He died of heart disease on the 22d September 1857, and
was buried in the family tomb of Ary SchefTer. In 1868
the remains were removed to Venice, and honpured with a

public funeral.

See Henri Martin, D. Manin, 1859, and. L'UnUi Italienne,

1861 (Martin also wrote tlie article in' tho Biogr. Univcrselle)

;

C. L. Chassin, Manin et VItalic ; Errera's Vita di J). Manin,
Venice, 1872 ; P. de La Faye'a Documents, Ac, de D. Manin, 18C0.
Other writers are Ernest Legouve, A. de La Forge, and Edmund
Flagg (New York).

:MANI0C or MANDioa See CissAVA and Aeeow-
KOOT.

MANIPUE, a native state in north-eastern India, lying

between 24° 35' and 24-° 48' 30" N. lat., and between
93° and 94° 40' E. long., is bounded on the N. by the N4ga
country and the hills overlooking the Assam valley, on

the W. by C4chAr district, and on the E. by Independent

Burmah. On the south the boundary is undefined, and abuts

on the country inhabited by various independent wild hill

tribes of Lushais, Kukis, &c. The state consists of an

extensive valley, estimated at about 650 square miles in

extent, and a large surrounding unsurveyed tract of

difficult mountainous country stretching between Assam,

Cdchiir, Burmah, and Chittagong. The total area, is

estimated at about 7600 square miles. The population vi

the Manipur valley and the surrounding hills is supposed

to be about 74,000 hill-men and 65,000 Manipuris. The

hill ranges generally run north and south, with occasional

connecting spurs and ridges of lower elevation between.

Their greatest altitude is in the north, where they reach

to upwards of 8000 feet above sea-level. The principal

geographical feature in the valley is the Logtak Lake, an

irregular sheet of water of considerable size, but said to

be yearly growing smaller. The valley is watered by

num^ous rivers, the Bdrak being Ihe most important.

The hills are densely clothed with tree jungle and large

forest timber. There are large herds of wild elephahts,

as well as tigers, leopards, bears, buffaloes, A'c. The
country seems to be singularly free from poisonous snakes ;

the cobra does not appear to exist in the valley, but thf

boa constrictor is found in the dense forests to the south.

The first relations of the British with Manipnr date from 1762

when the i-.ija snlicit«d British aid' to repel a Burmese invasion

and a treaty was entered into. The force was recalled, and

XV. ^ 6.1
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but little commnnication between tlie two countries took place

until 1824, on the outbreak o£ the first British Burmese war.

British assistance was a^ain invoked by the raja, and the

Burmese were finally expelled both from the Assam and Manipor
valleys. A political agent acts as a means 6f communication

between the state and the British Government. JIauipur valley

appears to have been originally occupied by several triues which

camo from different directions. Although their general facial

characteristics are Mongolian, there is a great diversity of feature

among the Mauipuris, some of tliera showing a regularity approach-

ing the Arvau type. In the valley the people are cliieny Hindus,

that religion being apparently of recent introductiou. They have

^ caste system o? their own, different from that of India, and

chiefly founded on what is known as the system of lallUp or forced

labour. Every male between the ages of seventeen and sixty is

obliged to place his services at the disposal of the state for a

certain number of days each year, and to different classes of the

people ditl'erent employments are assigned. About four hundred

Mohammedan families, descendants of settlers from Bengal, reside

to the east of the capital. The aboriginal hill-men belong to one

of the two great divisions of N.-igas and Kukis, and are sub-

divided into innumerable clans and sections with slight differences

in language, customs, or dress. The state is noted for the excellence

of its breed of ponies. The now pojiular English game of polo was
introduced from Manipur, where it torms a great national pastime.

The trade is but small, owing chiefly to the want of means of

transport, none of the roads being available for wheeled carts.

MAN IS. See Pangolin.

MANISA, or Manissa, a town of Asia Minor or Anatolia,

situated on the north side of Mount Sipylus, 28 miles north-

east of Smyrna. This town was anciently called Magnesia

ad Sipyluvi (see Magnesia). It is situated on the banks

of the Hermus, and is noted as being one of the neatest

and cl.eanest cities in Asia Minor. It contains above

twenty mosques, two of which are adorned on the exterior

with double minarets, and in the inside with paintings and

other articles. The Armenians, Greeks, and Jews have

also their respective places of worship. There is also a

fine khan, and a citadel, which stands on a lofty rock, and
commands an extensive view. The surrounding country

is rich and productive, especially of saffron, which is ex-

ported. The town is the seat of some considerable trade,

and many of the inhabitants are employed in the manufac-

ture of cotton and silk goods and goats' hair shawls.

Population about 40,000. The town is now connected

with Smyrna by a railway, which is continued on to Ala-

Shehr (Philadelphia). A few miles from Manisa is.

a

colossal statue cut in the rock, which is generally supposed

to be the figure of "Niobe, alluded to by ancient authors.

MANISTEE, a city of the United States, the county

seat of Manistee county, Michigan, is situated 135 miles

north-west of Lansing, on the east side of Lake Michigan,

at the mouth of the Manistee river, which is navigable

for vessels draw^ng 10 to 12 feet of water for the distance

of IJ miles to Manistee Lake. It is a great seat of the

lumber trade, shipping annually 200,000,000 feet of

timber, and having a score of saw-mills and about as

many shingle mills, the latter of which produce in the

year 400,000,000 shingles,—the largest quantity made at

any one place in the world. Planing-mills and foundries

are also maintained ; and, in consequence of the discovery

in 1881 ofa bed of solid salt 30 feet thick, extensive salt

factories are being built. The surrounding district is

especially adapted for fruit-growing ; and sportsmen are

attracted to the Manistee river and its tributaries by the'

abundance of the rarely found grayling. The population,

3373 in 1870, was 7080 in 1880.

MANITOBA, one of the western provinces of the

Dominion of Canada, is sit\tated midway between the

Atlantic and thq Pacific coasts of the Dominion, about 1090
miles due west of Quebec (see vol. iv. plate xxxv.). It is

bounded on the S. by the parallel 49° N. lat., which
divides it from the United States; on the W. by 101° 20'

W. long; on the N. by 52° 50' N. lat.; and on the R
by the western boundary of Ontario. Manitoba formerly

belonged to the HrcsoN's Bay Company (q.v), and was,

after the transfer of their territory to Canada, admitted
in 1870 as the fifth province of the Dominion. At that

time the infant province had an area of 13,500 square
miles, and some 12,000 people, chiefly Indian half-breeds.

In 1881 the limits were increased to the extent indicated

above, and now contain, taking the Lake of the AVoods
as the eastern boundary, upwards of 80,000 square miles,

an area only 8782 square miles less than that of England
and Scotland together, extending 2G4 miles from north
to south and upwards of 300 from east to wesL Tlie

old district of Assiniboia, the result of the efforts in

colonization by the earl of Selkirk in 1811 and succeeding
years, was the nucleus of the province. Manitoba was so

called by the Dominion parliament after the lake of that

name ; the designation is usually considered to be a com-
pound of the Ojibway words, Manito, great spirit, and
Waba, straits between lakes, or a word meaning echo.

The drainage of Manitoba is entirely north-eastward

to Hudson's Bay. The . three lakes—whose greatest

lengths are 250, 150, and 130 miles respectively—are

Wnnipeg, Winnipegoosis, and Slanitoba. They are all

of a very varying and irregular sha[ie, but average

respectively 30, 18, and 10 miles in width. They are

fresh, shallow, and tideless. Winnipegoosis and Manitoba
at high water, in spring time, discharge their overflow

through small streams into Winnipeg. The chief rivers

emptying into Lake Winnipeg are the Winnipeg, the Red,
and the Saskatchewan. The Assiniboine river, with its

source in the province, and navigable from 250 to 350
miles for steamers of light draught, enters the Red river

45 miles from Lake Winnipeg, and at the confluence of

the rivers ("The Forks") is situated the city of Winnipeg.

The Winnipeg, which flows from the territory lying south-

east of Lake Winnipeg, is a noble river some 200 miles long,

that after leaving Lake of the Woods, dashes with its clear

water over many cascades, and traverses very beautiful

scenery. At its falls from Lake of the Woods is one of the

greatest and most easily utilized water-powers in the

world. Like most rivers in the New World, the Red river

is at intervals of years subject to freshets. In the seventy

years' experience of the Selkirkcolonists there have been four

" floods." The highest level of the site of the city of Winni-

peg is said to have been under 6 feet of water for several

weeks in May and June in 1826, under 2| feet in 1852, not

covered in 1861, and only under water on the lowest levels

in 1882. The extent of overflow Las thus on each occasion

been less. The loose soil on the banks of the river is every

year carried away in great masses, and the channel has so

widened as to render the recurrence of an overflow unlikely.

The Saskatchewan, though not in the province, empties

into Lake Winnepeg less than half a degree from the

northern boundary. It is a mighty river, rising in the

Rocky Mountains, and crossing eighteen degrees of longi-

tude. Near its mouth are the Grand Rapids. Above these,

steamers ply to Fori Edmonton, a point upwards of 800
miles north-west of the city of Winnipeg, Steamers run

from Grand Rapids, through Lake Winnipeg, up Red river

to the city of Winnipeg.

Geologically Manitoba may be said to be the resumption

of the Secondary rocks left behind in the fertile portions

of Ontario. The whole north-east of North America,

running from Labrador, crossing the Ottawa, and skirting

the Georgian Bay and Lake Superior, is a region of

Laurentian or Primary rocks—containing copper, silver,

and probably gold-bearing rocks. From Lake Superior

north-westward to within 40 miles of Red river and up to

the eastern shore of Lake Winnipeg the same region con-

tinues for about 500 miles, including near its western limits

the Lake of the Woods. "This barren region left behind, tha
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fertile plains of Manitoba begin—a district resting on

Simriau limestones. For 100 or 150 miles these rocks

continue. This is the first prairie steppe. At very few

points does an outcrop of limestone occur. A range of

hills running from south-east to north-west bounds this

region on the west. These are Pembina Mountains, Riding

Mountains, and Duck Mountain, varying from 200 to 700

feet in height. Before the Riding Mountains are reached,

on the shores and islands of Lakes Manitoba and Winiii-

pegoosis are found a few buff-coloured Devonian limestones.

From this line of hills westward spreads out the second

prairie steppe, extending some 400 or 500 miles. Beyond
this for an equal distance, at a still higher elevation, is the

third prairie steppe, till the Rocky Mountains are reached.

From the Pembina and Riding Mountains to the Rocky
Mountains, say 1000 miles, Cretaceous beds underlie the

plains and crop out at long intervals. The most striking

feature of this formation, of which only the eastern 100 or

150 miles are within Manitoba, is the presence of coal.

It is, like most of the Tertiary varieties, a lignite ; a

specimen analysed gives water 7'82 per cent., volatile

combustible matter 31 -SS per cent., fixed carbon 54'97

per cent., and ash 5 '86 per ceut. The supply of this coal is,

according to Professor Sehvyn, practically inexliaustible.

Mr G. M. Dawson, Government explorer, has figur°.i

exposures of lignite 1 foot, 7 feet, and even 18 feet in

thickness in the Souris valley, 250 miles south-west of

Winnipeg. As a fuel for domestic purposes, this coal in

general answers very well. The drift deposit on the first

and second prairie levels varies from 20 to 100 feet, and

consists of clay and boulder-s. A clay lying near the

surface is used for making the white brick of which

Winnipeg is built. The most recent geologic deposit is a

rich vegetable mould, sometimes 4 feet in thickness. It is

this that gives the reputation for fertility which the soil

of the province enjoys.

The surface of Manitoba is somewhat level and mono-

tonous. It is chiefly a prairie region, with treeless plains

of from 5 to 40 miles extent, covered in summer with an

exuberant vegetable growth, which dies every year. The
river banks are, however, fringed with trees, and in the

more undulating lands the timber belts vary from a few

hundreds of yards to 5 or 10 miles in width, forming at

times forests of no inconsiderable size. The chief trees

of tlie country are the aspen (Populns tremtdoides), the

ash-leaved maple {Keguiido accroides), oak {Que7-cus alha),

elm (Ulmiis amsricana), and many varieties of willow.

The strawberry, raspberry, currant, plum, cherry, and grane

are indigenous.

The climate of Manitoba, being that of a region of wide

extent and of similar conditions, is not subject to frequent

variations. Winter, with cold but clear and bracing

weather, usually sets in about the middle of November, and
ends with March. In April and May the rivers have

opened, the snow has di^ppearcd, and the opportunity

has been afforded the farmer of sowing his grain. The
month of June is often wet, but most favourable for the

springing crops ; July and August are warm, but, excepting

two or three days at a time, not uncomfortably so; while the

autumn months of August and Seiitembcr are very pleasant.

Harvest generally extends from the middle of August to

near the end of September. The chief crops of the farmer

are wheat (which from its flinty hardness and full kernel is

the specialty of the Canadian north-west), oats, barley, and
pease. Hay is made of the native prairie grasses, which
grow luxuriantly. From tlie richness and mellowness of

the soil potatoes and all t;ip-roots .each a groat size. Heavy
dews in summer give the needed moisture after the rains

of Juno have ceased. The traveller and farmer are at times

annoyed by the mosquito. This troublesome insect is

chiefly found near swampy ground or on the uncultivated

prairie. It usually continues through June and July.

The population of tlio province is very mixed. In 1870 tljere

were 2000 whites and 10,000 Indian half-breeds. Of the latter,

one half are of English-speaking parentiige, and chiefly of Orkney
origin ; the remainder are known as Metis or Bois-brules, and are

descended from French-Canadian voyagcurs. In 1875 a number
of Rnssian Mennonites (descendants of the Anabaptists of the

Reformation) came to the country. Some fifty years ago. they

originally emigi'ated from Germany to the plains of southern Russia,

but came over to Manitoba to escape the conscription. They num-
ber nearly 8000. About 4000 French Canadians, who had emigrated
from Quebec to the United Statt-s, have also made th^ province

their home, as well as a number of Icelanders. 'The remainder of

the population is chielly made up of English-speaking people from
the other provinces of the Dominion, from the United States, froni

England and Scotland and the north of Ireland. Though some-
what difficult to estimate, the population of Manitoba is estimated

by competent authorities at upwards of 120,000 in 1832.

In 1S81 the leligious opiuions of the people were as follows :

—

Episcopalians, 22 per ceut ; Presbyteiians, 22 ; Roman Catholics,

19; Methodists, 14; Baptistsj 2^ ; Lutherans, IJ per ceut.

Tliere is a system of primary and secondary free school eduoition

for Protestants, and anotlier for Roman Catholics. For the higher
education there are the three colleges of St Boniface (Roman Catho-
lic), St John's (Episcopalian), and Manitoba College (Presbyterian).

These are affiliated to the university of Manitoba, ''hich is an ex-

amining and degree-couferricg body.
Like other provinces of the Dominion, Manitoba is under a

lieutenant-governor, with a coancil of five mip!:rtcr3 responsible to

the local legislature, which ajain is com[Kiscd of thirty-one members.
The province is representetl by three senators in the Dominion
senate, and by five members in the Dominion house of commons.
There are three judges of the superior court, and a number of county
court judges. The whole province is divided into municipalities,

each of which chooses a warden and six councillors annually.

The city of Winnipeg, the provincial centre of government, law,

education, and religion, had in 1882 upwards of 20,000 inhabitants.

The trade of tlie country has chiefly grown up since Winnipeg was
connected in 1878 with the United States railroad system, and it

has received a further impulse from tbs construction of the

Canadian Pacific Railway, which traverses tba territory. (G. BR.)

MANITOWOC, a city.of the United States, the county

seat of Manitowoc county, Wiscccsin, is situated on the

west side of Lake Jlichigan, at the mouth of Manitowoc
river, 77 miles north of Milwaukee by the Milwaukee,

Lake Shore, and Western Railway, It has a good harbour,

and is the seat of an active trade in lumber, leather, and

wheat. Shipbuilding is also extensively icarried on.

Population in 1870, 3059 ; in 1880, 6367.

MANKATO, a city of the United States, the county

seat of Blue Earth county, Minnesota, is situated in the

midst of a good agricultural district on the right bank of

the Minnesota river, and is a station on the Chicago,

Milwaukee, and St Paul, the Chicago and North Western,

and the Chicago, St Paul, Jlinneapolis, and Omaha
railways. From St Paul it is distant 86 miles. Besides

carrying on an extensive trade Mankato manufactures

woollen goods, linseed oil, flour, beer, carriages and

waggons, iron wares, and furniture. It has a fine park

and fair ground, three public halls, a public library, and a

State normal school. The population increased from 3482

in 1870 to 5550 in 1880.

JIANLEY, JIaey de la Rivier (1672-1724), dramatist,

political writer, and novelist, the most eminent female
" wit" of the reign of Queen Anne, was the daughter of a

studious and literary royalist, Sir Roger Manley, governor

of the Channel Islands; part author of The Turkish Spy,

and author of several military histories. Mrs Manley is

herself the chief authority for such particulars of her

private life as are known. Towards the close of Anne's

reign, finding that Curll had announced The Adoentures oj

liivella, or the Ilktory of the Author of AtalantU, and

suspecting this to bo the work of an enemy, she contrived

with dexterous t<ict to supplant Curll's author, and wrote

lier own biography under the announced title. Her mother

died when she was a child, her futhcr when she was a girl
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of sixteen. A kinsman, already married, took advantago

of her position, went through a mock ceremony of

marriage, and deserted her basely three years afterwards.

She was patronized for a short time by tho duchess of

Cleveland, and in 1G96 made good a position among
writers of established reputation by two plays, a comedy

and a tragedy. The dialogue of tho comedy. The Lost

Lover, is extremely brilliant and witty, overflowing witli

high animal spirits ; in freedom of speech it goes almost

beyond the most licentious male writers of comedy in that

generation. The play was at onco published. In the

preface she thanks the town for not keeping her long in

suspense : her comedy was damned with [)romptitude. A
similar fate befel her tragedy, The Royal Mischief, though

great literary power was shown in it, The splendid energy

of the characters, and tho hyperbolical vigour of their

language, may be compared with the undisciplined youth

of the Elizabethan drama ; but it was not without reason

that even contemporary critics complained of the " warmth "

of certain passages. She pleaded in defence the example

of Dryden ; but Dryden in his most indecent moments falls

short of it. From 1G9G Mrs Manley was a favourite

member of witty and fashionable society ; she admits that

&he never had any pretensions to beanty, but the charms

of her eyes and her conversation made her very fascinating.

She achieved her principal triumph as a writer by her

Secret Memoirs of Several Persons of Quality, a scandalous

chronicle " from the New Atalantis, an island in the

Mediterranean," published in 1709. Henceforth she was

known as " the author of Atalantis." The Atalantis had

a political purpose. Mrs Manley was a warm Tory

partisan, and she sought in this scandalous narrative to

expose the private vices of the ministers whom Swift,

Bolingbroke, and Harley combined to drive from office.

There are many references to her in Swift's Journal to

Stella. " She has very good principles for one of her sort,

and a great deal of good sense and invention." Mrs

Manley was in fact one of the most romantically public-

spirited and disinterested politicians of that corrupt time,

and next to Swift the most efifective writer on the side

of Harley and Bolingbroke. During the keen political

campaign in 1711 she wrote several pamphlets, and many
numbers of the Examiner, criticizing persons and policy

with equal vivacity. After the accession of George, she

wrote a tragedy Lucius (1717)—a failure, and two so-

called novels, Bath Intrigues, and A Slage-Coach Journey to

Exeter. Tlie story in these novels is told in letters between

the principal characters.

MANLIUS is the name of a Roman gens, chiefly

patrician, but, in later times at least, also containing

plebeian families. The Roman historians represent them as

intrepid, but stern even to cruelty.

I. Marcus Manlius Capitolinus, a brave and distin-

guished soldier, was one of the garrison of the Capitol while

besieged by the Gauls ; when they attempted to scale the

rock by night, Manlius, aroused by the cackling of the

sacred ge^e, rushed to the spot and threw down the fore-

most. Several years after, seeing a centurion led to prison

for debt, he freed him witli his own money, and even sold

his estate to relieve other poor debtors, while he accused

the senate of embezzling public money. He was charged

with aspiring to kingship, and condemned by the

comitia, but not until the assembly had adjourned to a

place without the walls, where they could no longer see the

Capitol which he had saved. His house on the Capitol was

razed, and the Manlii resolved that no patrician Manlius

should henceforth bear the name of Marcus.

II. Titus Manlius Imperiosus Torquatus went to the

tribune Pomponius.who had brought his father to trial for

overstepping the limits of his office, and threatened to kill

him unlcsa he desisted fi'om the accusation (3G5 b.c.)

Shortly after he slew a gigantic Gaul in single combat, and
took from him a torques or iietk-ornamLUt, whence his

surname is said to have been derived. When the Latins

demanded an equal share in tho government of the con-

federacy, Manlius vowed to kill with his own hand the

first Latin he saw in the senate-house. The Latins and
Campanians revolted, and Manlius, consul for the third

time, marched into Campania and gained two great

victories, near V^esuvius (where Decius his colleague devoted

himself to gain the day), and at Trifanum. In {his

campaign Manilas executed his own son, who had killed an

enemy in single combat, and thiia disobeyed tho express

command of the consuls.

Both these JIanlii belong to a great extent to legend,

much of which is probably due to attempts to explain their

surnames.

IIL TiTus Manlius Torquatus in Lis first consulship

(235 B.C.) subjugated Sardinia, recently aciiuired from the

Carthaginians; he was consul again (224) during the

Gallic war. In 21G ho opposed the ransoming of the

Romans taken prisoners at Canna; ; and in 215 he was

sent to Sardinia and defeated a Carthaginian attempt tq

regain possession of the island.

IV. C.N'^us !Manlius Vulso, consul in 189 b.u;, re-

ceived Asia as his province. Starting from Ephesns in

the spring, he marched into Pamphylia, levying enormoiw

contributions. He then attacked the Celts of Galatia on

the pretext that they had aided Antiochus. They took

refuge in Mounts Olympus and IMagaba, but the missiles

of the Roman light troops won each position with great

slaughter. In the winter, assisted by ten delegates sent

from Rome, he settled the terms of peace with Antiochus.

He returned to Rome in 187, and triumphed after much
opposition. The discipline of his army was loose, and his

soldiers brought into Rome many foreign luxuries.

JIANN, Horace, one of the best-known of American

educationists, was born at Franklin, Massachusetts, May 4,

1796, and died at Yellow Springs, Ohio, August 2, 18r)9.

His childhood and youth were passed in great poverty,

" It was the misfortune of his family that it belonged to

the smallest district, had the poori.-st schoolhouse, and

employed the cheapest teachers, in a town which was itself

small and poor." His health was early injured by hard

manual labour, which left him no time for recreation either

in summer or winter. He lost -his father at the age of

thirteen. He was from his childhood an eager reader ; but

his only means of gratifying this desire was a very smaii

library in his native town. Up to the age of fifteen he

had never been able to attend school for more than eight

or ten weeks in any one year. He remained at home,

working for his mother and the rest of the family, till tho

age of twenty. At that age he was taught the rudiments

of Latin and Greek and a little English grammar by an

itinerant schoolmaster, and entpred the junior classes in

Brown University in the year 1816. Symptoms of con-

sumption, poverty, the necessity of supporting himself

while at college, and other circumstances interfered with

his studies. He, however, graduated in 1819. la 1821

he entered the school of law at Litchfield, Connecticut, and

was called to the bar in 1823. In 1827 he was elected to

the State legislature of Massachusetts, and in 1833 he was

returned to the upper house. He suggested and organized

the State lunatic asylum of Worcester. In 1837 tho

legislature appointed a board of education to revise and re-

organize the common school system of the State; and Mann

v/as appointed secretary. To give his whole time to the

work, he gave up his profession and also his seat in the

senate. He w^as secretary for twelve years. For these

twelve years he worked fifteen hours a day, held teachers'
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conventions, gave lectures, and carried on an enormous
correspondence. He started a periodical. The Common
School Journal, in which he explained his views on educa-

tion. He also published a series of Annual Reports

;

these American critics call "a classic on the suly'ect."

His seventh annual report gave the substance of his obser-

vations in Europe, and compared the systems of instruction

followed in Prussia with those in use in Massachusetts,

much to the disadvantage of the latter.'

In 1848 Mann was elected to Congress to fill the

vacancy caused by the death of John Quincy Adams. He
tried to induce the Government to establish a bureau

of education ot Washington, but this was not done till

much later. He resigned his seat in Congress in 1853,

and became the first president of Antioch College, at

Yellow Springs,—a college for the combined education

of men and women. Mann's chief work in American
education is the reform which ho brought about in the

common and normal school system of Massachusetts

;

and this reform is largely due to liis twelve annual

reports.

Mann's other works ax(t—Lectures on Education, 1848 ; A Few
Thouyhls for a Young ilan, 1850; Slavery, Letters and Speeches,

1851 ; Powers and Duties of Women, 1853, &c. A complete edition

of his writings, with a biography, was published in Catabridge,
Massachusetts, in 1867; and a selection, under the title of Thoughts
Selectedfrom the Writings of Horace Mann, in 1869.

MANNA, a concrete saccharine exudation obtained by
making incisions in the trunk of the flowering or manna
ash tree, Frajcinus Ornus, L. At the present day the

manna of commerce is collected exclusively in Sicily from
cultivated trees, chiefly in the districts around Capaci,

Carini, Cinisi, and Favarota, small towns 20 to 25 miles

west of Palermo, and in the townships of Geraci,

Castelbuono, and other places in the district of Cefalii, 50 to

70 miles east of Palermo. In thofrassinetti or plantations

the trees are placed about 7 feet apart, and after they
are eight years old, and the trunk at least 3 inches in dia-

meter, the collection of manna is begun. This operation

is performed in July or August during the dry weather,

by making transverse incisions H to 2 inches long, and
about 1 inch apart, through the bark, one cut being made
each day, the first at the bottom of the tree, another directly

above the first, and so on. In succeeding years the pro-

cess is repeated on the untouched sides of the trunk, until

the tree has been cut .ill round and exhausted. It is then

eut down, and a young plant arising from- the same root

takes its place. The finest or flaky manna appears to have
been allowed to harden on the stem. A very superior kind,

obtained by allowing the juice to encrust pieces of wood
or straws inserted in the cuts, and called manna a cannolo,

is not found in commerce in England. The fragments

adhering to the stem after the finest flakes have been re-

moved are scraped oS", and form the small or Tolfa manna
of commerce. That which flows from the lower incisions

is often collected on tiles or on a concave piece of the

prickly pear (Opuniia), but is less crystalline and more
glutinous, and is less esteemed.

Manna of good quality dissolves at ordinary temperatures

in about 6 parts of water, forming a clear liquid. Its

chief constituent is mannito or manna sugar, a hexatomic

alcohol, C^Hj(OH)"', which likewise occurs, in much smaller

quantity, in certain species of Fucus and in plants of

several widely separated natural orders. Of this substance

the best manna contains 70 to 80 per cent. It crystallizes

in shining rhombic prisms from its solution in boiling

alcohol. Manna possesses mildly la.xativc properties,

' This report lias been published and edited, with preface and
notes, by Or W. B. Hodgson, under tho title of Report of an Edu-
cational Tour in Oermany, France, Holland^ and parts of Great
Brittin and Ireland, London, 1846.

and on account of its sweet taste is employed as a mild
aperient for children. It is less used in England now
than formerly, but is still largely consumed in South
America, In Italy mannite is prepared for sale in the

shape of small cones resembling loaf sugar in shape, and
is frequently prescribed in medicine instead of manna.

Tiie manna of the present day appears to have been
unknown before the 15th century, although a mountain in

Sicily with the Arabic name Gibelman, i.e., " manna moun-
tain," appears to point to its collection there during the
period that the island was held by the Saracens, 827-1070.
In the 16th century it was collected in Calabria in Italy,

and until recently was produced in the Tuscan Maremma,
but neither from that locality nor from the States of the

Church is any now brought into commerce, although the

name of Tolfa, a town near Civita Vecchia, is still applied

to an inferior variety of the drug.

.
Various other kinds of m.inua are known, but none of these have

been found to contain mannite. Alhagi manna (Persian and Arabic
tar-angubin) is the produce oi Alhagi camelorum, Fisch., a small,

spiny, leguminous plant, growing in Persia, Afghanistan, and
Baluchistan. Tliis manna occurs in the form of small, roundish,
hard, dry tears, varying from the size of a mustard seed to that of

a coriander, of a hght-brown colour, sweet taste, and senna-like
odour. The spines and pods of the plant are often mixed with it.

It is collected near Kandahar and Herat, and imported into India
from Cabul and Kandahar to the extent of about 2000 lb. annually,
and is valued at about thirty shillings per ft. Tamarisk manna
(Persian gaz-angubln, tamarisk honey) exudes in June and July
from the slender branches of Tamarix gallica, var. mannifcru,
Ehrenb., in the form of honey-like drops, which, in the cool tem-
perature of the early morning, are found in the solid state. This
secretion is caused by the puncture of an insect. Coccus manniparus,
Ehrenb. In the valleys of the peninsula of Sinai, especially in the
Wady el-Sheikh, this manna (Arabic man) is collected by the Arabs
and sold to the monks of St Catherine, who supply it to the pilgrims
visiting the convent. It is found also in Persia and the Punjab,
but does not appear, to be collected in any quantity. This kind of

manna seems to be alluded to by Herodotus (vii. 31). Under the
same name of gax-angubtn there are sold commonly in the Persian
bazaars round cakes, of which a chief ingredient is a manna obtained
to the south-west of Ispahan, in the month of August, by shaking
the branches or scraping the stems of Astragalus florulcntus auil

A. adsccndens, Boiss. and Hausskn.^ Shirtchist, a kind of manna
known to writers on materia medica in the 16th century, is still

found in the bazaars of north-west India, being imported from
Afghanistan and Turkestan to a hmited extent. Haussknecht
states that it is the produce of Cotoneaster nummularia, Fisch. and
Mey. (Rosaces:), and Atraphaxis spinosa, L. {Polygonacese), and that
it is brought chiefly from Herat.

Oak manna, according-to Haussknecht, is collected from the twigs
of Quereus Vallonea, Kotschy, and Q. pcrsica, Jaub. and Spach, on
which it is produced by the puncture of an insect during the month
of August. This manna occurs iu the state of agglutinated tears,

and forms an object of some industry among tlie wandering tribes

of Kurdistan at the present day. It is collected .before sunrise, by
shaking the grains ot manna on to linen cloths spread out beneath
the trees, or by dipping the small branches in hot water and
evaporating the solution thus obtained. A substance collected by
the inhabitants of Laristan from Purus glabra, Boiss., strongly

resembles oak manna in appearance.

Australian manna is found on the leaves o{ Eucalijptus vi7ninalis,

Lab. ; the Lerp manna of Australia is of animal origin.

Brian^on manna is met with on the leaves of the common Larch
(q.v. ), and a kind of manna was at one time obtained from tho cedar,

but none of these are now collected for commercial purposes.

The manna of Scripture, notwithstanding tho miraculous circum-

stances which distinguish it in the Biblical narrative from anything

now known, answers in its description very closely to the tamarisk

manna.
Seo Pharmacographia, p. 409 ; Hanbury, Science Papers, p. 855-

368 ; Stewart, Punjab Plants, Lahore, 1869, pp. B7-92 ; Geoffioy,

Mat. Med., ii. (1741) p. 584 ; Dobson, Proc. Roy. Soc. VanDicmen's
Land, i. (1851) p. 234.

MANNHEIM, the most populous town and the second

capital of the grand-duchy of Baden, lies on tho right

bank of the Rhine, in tho triangular piece of low-lying

ground enclosed between that river and the Neckar. It

'•' See Bombay Lit. Tr., vol. i. art. 16, for details as to the gas-

nngubin. A common Persian sw"«Uiicat coniists o! wheai flour

kneaded u'ltli manaa into & Uiick pAs.
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is the most regularly built town in Gerrainy, consisting of
twelve parallel streets intersected at right angles by ten
others, which cut it up into about 130 squaro sections of
equal size. These blocks are distinguished, after the
American fashion, by letters and numerals. Except on
the south side all the streets debouch on the promenade,
which forms a circle round the town on the site of the old

ramparts. Outside this ring are the suburbs of Schwetz-
inger Garten to the south and Neckargiirton to the north.

Mannheim is connected by a handsome bridge with
Ludwigshafen, a rapidly growing commercial and manu-
facturing town on the left bank of the Rhine, in Bavarian
territory. The Neckar is spanned by a suspension bridge.

In 1880 JIannheim contained 53,545 inhabitants, of whom
about 4500 were Jews, and the rest Eoman Catholics and
Protestants in nearly equal proportion's. Ludwigshafen
contained 15,012 inhabitants.

Nearly the whole of the south-west side of the town is

occupied by the palace, built in 1720-29, and formerly the

residence of the elector of the Palatinate. It is one of the
largest buildings of the kind in Germany, covering an are^

of 15 acres, and having a frontage of

The left wing was totally

by the bombardment of

has since been restored,

contains a picture gallery

ndcoUections of natural

history and antiquities,

e large and beautiful

garden at the back forms

Plan of Mannheim.

the public

park of the

town. Among the

other prominent '',

buildings are the

theatre, the arsen-

al, the synagogue,

the " kaufhaus,"

the town-hall, the

railway station, and the observatory. The only note-

worthy church is that of the old Jesuit college, the

interior of which is lavishly decorated with marble

and painting. The square in front of the theatre is

embellished with statues of Schiller, Iffland the actor,

and Dalbferg, intendant of the theatre in the time of

Schiller. Mannheim is the chief commercial town on

the upper Rhine, and yields in importance to Cob-

lentz and Cologne alone among the lowei Rhenish towns.

The staple commodities of its trade are tobacco, grain,

petroleum, hops, timber, and coffee. Its new harbour,

constructed at a cost of £650,000, and measuring 2300

yards in length, is the most extensive inland harbour in

Germany. It is entered annually by 3000 river craft,

carrying nearly 700,000 tons of goods. The railway goods

Btation and warehouses in connexion with the harbour cover

400 acres of ground. The principal industrial products of

Mannheim are machinery, iron, brass, inrtia-rnhber, sugar,

luinvrs, chemicals, wall-paper, and cigars. The manufac-

tories of Ludwigshafen produce aniline dyes, soda, tartaric

acid, alum, artificial manures, and lime. Mannheim is

the seat of the central board for the navigation of the

Rhine, of a chamber of commerce, and of the supreme
court of Baden. Ten or twelve different countries are
represented here by their consuls. The schools and public
institutions of Mannheim include a gymnasium, a "real-
schule," an industrial school, a high school for girls, a
public library, a large poorhouse, three hospitals, and au
orphanage.

History.—The name of Slannheim was connected with its present
site as early as the 8th century, when a small village belouginp; to
the abbey of Lorsch lay in the marshy district between the Neckar
and the khiue. To the soath of this village, on the Rhine, was the
castle of Eichokheim, which acquired some celebrity as the place
of confinement assigned to Pope John XXIII. by the council of
Constance. The history of the modern Mannheim begins, however,
with the opening of the 17th century, when Elector John Frederick
IV. founded a town here, which he peopled chiefly with Protestant
refugees from Holland. The strongly fortified ca-stle which he
erected at the same time had the unfortunate result of making the
infant town an object of contention in the Thirty Years' War, during
which it was five times taken and retaken. In 1689 Matmheim,
which had in the meantime recovered from its former disasters, was
captured by the French under Melac, and ruthlessly destroyed. Ten
years later it was rebuilt on an extended scale and provided with
fortifications. For its subsequent importance it was indebted to
Elector Charles Philip, who, owing to ecclesiastical disputes, trans-

ferred his residence from Heidelberg to Mannheim in 1720.' It

remained the capital of the Palatinate for nearly sixty years. In
1794 Mannheim fell into the hands of the French, and in the
following year it was retaken by the Austrians after a severe
bombardment, which left scarcely a single building uninjured. In

1S02 it wa.s assigned to the grand-duke of Baden, who caused the
fortifications to be razed. Ludwigshafen, originally only the tUe-

du-pont of Mannheim, received its present name in 1843, and
became a town in 1859. Towards the end of last century Mann-
heim attained great celebrity in the literary world as the place

where Schiller's early plays were performed for the Cist time. It

was at Mannheim th,at Kotzebue was assassinated in 1819.

See Feder, Geschichte der Stadt Mannheim, 1875 : and Unglenk,
Praktischer Filhrer dunk Mannheim, 1880.

^MANNING, KoBEET^ commonly known as Robert of

Brunne, a monk of the priory of Brunne or Bourne in

Lincolnshire, wrote in the beginning of the reign of Edward
III. a metrical history of England from the landing of the

imaginary Brute to the end of the reign of Edward I.

The work has no independent historical value ; it professedly

follows Peter of Langtoft's Chronicle from the Anglo-Saxon

or " Inglis " invasion downwards, and Wace for the previous

"British" story. It is a lively narrative, written "not

for the lered bot for the lewed," and it has a certain

interest as a landmark, not only in the history of the

English language, but also in the history of national

sentiment. Manning is warm in praise of the deeds and

the character of Edward L; " Edward of Inglond,"

although he deplores the Norman Conquest as a " bondage,"

and says concerning the death of Harold that " our freedom

that day for ever took the leave." The old monk is our

first avowedly "popular" historian. He wrote for the

entertainment of men who knew neither Latin nor French,

and in his prologue comments humorously on the " quaint

English " and subtle rhymes of his predecessors, claiming

for himself purity of language and simplicity of metre.

A passage in this prologue has often been quoted as bear-

ing on the authorship of the romance of Sir Tristram.

Manning also translated William of Waddington's Manuel
des Fechiez under the title ol Ilandlying Si/nne, in 1303,

and is plausibly conjectured to be the author of Medy
tacyuns of the Soper of onre Lorde //*£«?(, translated from

Bonaventura's Vitc Christi. He is not a bald rhymester.

but uses language with skill and effect, and in some places

where he departs from his originals shows genuine poetical

rapture.

MANOMETER, or Pressube Gauge, Is an instrument

for measuriDg the hydieetatic pressure exerted by gases,
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vapours, or liquids against tlic sides of tlie closed vessels

in whicb tbey are confined,—as, for instance, the pressure

of steam in a steam-boiler.

The simplest and at the same time most accurate form

of manometer is that known as the " mercury manometer,"

sometimes also called the " free-air mano-

meter," and represented in fig. 1. It consists

essentially of two vertical cummunicating

tubes. One of these, AB, open at both ends,

and made of thick glass, witii a narrow uni-

form bore, is fixed hermetically in the neck

of a large wrought-iron cylinder C, its lower

end dipping below the surface of mercury

contained in the cylinder. The other tube,

EF, is attached at its lower end to the

cylinder by the cross pipe D, and at its

upper end can be put in communication

with the vessel the pressure in which is to be

ascertained. U.sually the tube EF, the cross

pipe D, and the space above the mercury in

C are filled with water. At first the tube EF
is left open to the atmosphere, and the

height of the mercury in AB noted. When
EF is then put in communication with the

vessel in which the pressure (above atmo-

spheric) is to be determined, the mercury in

AB rises, and from the height to which it

rises the pressure is deduced. For accurate

work corrections must be made for the fall

of the mercury in C as it rises in AB, and

for the temperature and the height of the

barometer at the time of the experiment.

The great drawback to the employment of the
Bitnple mercury manometer for measuring very

great pressures is the mechanical difficulty of obtain-

ing a sufficiently long column of mercury. E. H.
M. Amagat, however, has lately (1880) worked with
a column one-fifth ofa mile high. His experiments
were undertaken to find out how the various gases,

nitrogen, oxygen, air, hydrogen, &c. , departed from
JIariotte's law when .subjected to enormous pres-

sures. At the bottom of a coal-mme at Verpilleux,

near St fitienne, which had a depth of 327 metres,
was placed the glass manometer tube containing
the compressed gas, while the mercury tube (made
of steel) extended up the sliaft, being giadually
built up in sections. See Nature, vol. xxu. pp.
62,63. By means of Amagat's tables of the volunio j^
and corresponding pressure of the several gases,

Mercury

und with special forms of manometer to suit par- Ma-nometer.

ticular circumstances, accurate aud delicate meastiros of enormous
pressures can now be obtained. Professor Tait, for instance, has
recently applied these tables along with a manometer of Ilia own
tlevising for testing the behaviour of the thermometers supplied to
the " Challenger " expedition under a pressure of as much as 10
tons to the square inch.

" Regnault's manometer " is shown in fig. 2. AB is a
strong metal tube, closed at the lower end, and carrying at

the upper a bent pipe for admitting the compressed gas and
I stop-cock R pierced with holes in a T form. DE and
FG are two graduated glass tubes communicating at their

bwer ends by a narrow passage in the metal block to

which they are hermetically fixed. DE and AB also com-
nunicate at the upper ends by a passage in a metal piece

ittached hwmetically to them. By the stop-cock R',

'laving radial holes at right angles to each other, DE can
communicate either with AB or with the atmosphere at O ;

ind by the stop-cock R" it can communicate either with
FG or with the open air. The three tubes are surrounded
by a cylinder MM' containing water to keep the tempera-
ture constant. The tube AB is filled with the compressed
gas whose pressure is to be ascertained. The stop-cock
R' being then placed as in fig. 2, mercury is poured
into FG till it fills DE and runs out at O. The stop-

cocks R and TJ arc then turned as in fig. 2(t, so that AB
and DE communicate with each other. Part of the com
pressed gas flows

over into DE, and
the mercury in FG
rises. By manipu-
lating the stop-cock

R" as shown in

fig. 26, part of the

mercury is allowed

to run out of DE
till a conveniently

measurable differ-

ence of level be-

tween the mercury
surfaces in DE and
FG is attained.

Let h be this difft-r-

ence. Also lot x be
the pressure of the g.i3

originally filling the
volume V of AB, V
the additional volume
occupied by the ex-
panded gas, and H be
tiie height of the baro-

meter at the time

;

then we have by Mari-
otte's law

3:V = (V-l-T'XH + /0,

from which

FiQ. 2.—Eesn.iult's M.momcter.

V + V,
(H-l-A) (1).

V is determined by weigliing the mercury required to fill the
space it occupies, and V can iDe calculated from (1) when AB ia

filled with dry air at pressure H.
In Regnault's apparatus the length of AB and DE was 1 metre,

the diameter of AB 5 mm. aud of DE 20 mm. The section of DE
was thus sixteen times that of AB, aud in this way a very great

pressure could be measured by a comparatively small difference of

level between the mercury surfaces in FG and DE. The instru-

ment, however, is subject to errors, arising chiefly from the diffi-

culty of measuring accurately the volumes V and V'.

The "compressed air manometer" (fig. 3^ consists of a

strong graduated glass tube of uniform narrow bore, closed

at the top and fixed hermetically into the

neck of a wide iron cylinder. The tube

contains dry air, and its lower end dips

below the surface of mercury contained

in the cylinder. Attached to the side of

the cylinder is a tube A, with a stopcock,

to afi'ord communication with the vessel

the pressure in which is to be measured.

When the manometer is attached to the

vessel containing compressed gas the mer-

cury rises in the glass tube till the pres-

sure of the air confined in the tube (reck-

oned in millimetres of mercury) plus the

height of the mercury column above the

level of the mercury in the cylinder is

equal to the pressure on the surface of

mercury in the cylinder.

"Desgoffe's manometer" depends upon the

same principle as the hydraulic press, and can

bo employed to measure the enormous pressure

leached in the cylinder of that instrument. It

is represented in perspective in fig. 4 and in

section in fig. 5. V ia a strong circular iron

vessel, in which moves up and down for a short

distance a flat piston D attached to a cylindrical

)>lug T. The lower part of V contains mercury which has free

communication with a graduated vertical glass tube AB fixed her-

metically into the side of V. Above the mercury in T is placed a

thin layer of water, and above that is stretched a tion trieniDrane of

ini'ia-nibber bolted down water-tight by an iron riii;;. /lie chanh^r
C contains a cavity in which the plug T moves waler-U*!"- .^y
means of the tube t the icstrumeut can bs put iu cumi^uuicatioa

Fia. 3.—
Compressed Ait

Manometer.
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xvitli tlie vessel containing the flnid wliose pressure is to be niea-

fiured. The compressed fluid acting upon T depresses the piston D
and causes the mercury to rise in AB.

Let p be the pressure of the fluid per luiit of area, s the area of

T, and S the area of

D ; also let P be the
pressure per nnit of
area as recorded by
the height of tha
mercnryiuAB. Thus
evidently we have

ps~PS, CT p = -P.

Hence by making
S very great and s

very small a very

ftreat pressure can
be measured by a
comparatively short

column of mercury
in AB. As part of

the pressure p is em-
ployed to stretch the
india-rubber mem-
brane, the ratio S : s

should be made very
great, so that D will

only sink a very
shortdistance. Caille-

tet, who employed
this manometer in
his experiments on
the compressibility

of fluids, had it so
arranged that (ne-

fjlectin;; the stretch-

inpt of the India- _ - „ .. ,„ „ , ,,
rubber) the mercury ^l°- "• Section of Desgoffe s Manometer.

in AB rose 4 '3 metres while the piston in D sunk only one-eighth-
of a millimetre.

Metallic manometers depend on the principle exemplified in the
aneroid barometer. Suppose a long tube, preferably of elliptic

section, and having thin walls of elastic material, to be closed at

one end and either bent or coiled up in the form of a spiral. Let
the open end be attached to an apparatus whereby the pressure in-

si.le tne tube can be cither increased or diminished. If the pressure

inside tlie tube be made greater than that outside, the tube has a
tendency to straighten or uncoil itself, but if the pressure outside
be gi-eater than that inside the tube has a tendency to bend or coil

itself up farther. Fig. 6 represents an early form of metallic mano-
meter made on this

jirinciple by Bourdon,
tlie first to construct
such instruments. A
metallic tubeai,closed

at b, is coiled in a
spiral and rigidly at-

tached at the open
end a to a tube with
stop-cock m, whereby
it can communicate
with the compression
apparatus. A light

index e is attached to

b aud moves over a
graduated scale. Tha
scale is graduated by
applying known pres-

sures inside the tube.

This form of mano-
meter is very conveni-

ent forrough practical

work, but has no pre- _ « — a i -.r i „• ,.

tensions to scientific ^"'- 6.-Bourdon's Metallic Manometer,

accuracy, as changes of temperature affect the elasticity of the tube
in a way which is diCBcult to discover and allow for. Various forms
of metallic manometers have been recently invented, the best-known
of which are perhaps those of Bourdon and Schiifer, in which the
index is moved by a train of wheels actuated by the free end of the
clastic tube.

Air-pump Manometer.—For measuring pressures less than that
of the atmosphere, as in the receiver of an air-pump, a special form
of mercury manometer is employed, consisting of a glass U tube
with each leg ever 30 inches long and half filled with mercury.
One leg communicates by an air-tight communication with the re-

ceiver of the air-pump, and the other is left open. As the exhaustion

\iroceeds, the mercury falls in the open leg and rises in the other.

When only considerable degrees of exhaustion arc to be measured,
the instrument taUos the form of a short (J tube closed at one end
and open at the other, and has its closed leg completely filled with
mercury, the mercury being held up by the atmospheric pressure.

The wliole is enclosed in a wide glass tube closed at the top and
hermetically fi.xed at the lower end to a brass piece, provided with
a stop-cock, whereby it can be screwed on to the sole plato of the
nir-pump. The dillerence of level in the two legs gives the degree
of exhaustion obtained.

SeeGanot's/Vi;/siM; Wiillncr's Lchrhuh dcr Ejcpcrimcntalphysik;
Amagat in Annalcs dc Chanic el de Physique, JIarch 1880; Report

of H. M.S. Challenger, in regard to pressure corrections supplied by
thermometers, by Professor Tait. (J. BL.) ,

MANOR, in English law, is an estate in land, to which
is incideut the right to hold certain courts called courts

baron. It might be described as the unit of tenure under
the feudal system, and it is historically connected with" the

territorial divisions of the mark and the parish or township.'

The legal theory of the origin of manors refers them to n

grant from the crown, as stated in the following extract

from Perkins's Treatise on the laws of England:—"The
beginning of a manor was when the king gave a thousand

acres of land, or a greater or lesser parcel of land, unto one
of his subjects and bis beirs, which tenure is knight's

service at the least. And the donor did perhaps build

a mansion house upon parcel of the same land, and of

20 acres, parcel of that which remained, or of a greater

or lesser parcel before the statute of Qida Emptores did

enfeoff a stranger to hold of him and his heirs to plow 10

acres of land, parcel of that which remained in his posses-

sion, and did enfeoff another of another parcel thereof to go

to war with him against the Scots, &c,, and so by continu-

ance of time made a manor." It is still, as Mr Joshua
Williams terms it, a " fundamental rule " that all lands

were originally derived from the crown, and that the queen
is lady paramount mediate or immediate of all the land in

the realm. A manor then arises where the owner of a

parcel so granted or supposed to have been granted by the

crown (and who is called in relation thereto the lord) has

in turn granted portions thereof to others who stand to

him in the relation of tenants. Of the portion reserved by
the lord for his own use (bis demesne) part was occupied

by villeins, with the duty of cultivating the rest for the

lord's use. These were originally tenants at will, and in a

state of semi-serfdom, but they became in course of time

the copyhold tenants of the later law. (See Copyhold.)
It is of the essence of copyhold that it should be regulated

by the custom of the manor ; and that, according to some

authorities, is one reason why a manor cannot be created

at the present day. " Length of time being of the very

essence of a manor, such things as receive their perfection

by the continuance of time come not withiu the compass

of a king's prerogative " (Scriven, Cojj^holds, chap. L).

But the effect of the statute of Qtiia Emptores was to make
the creation of manors henceforward impossible, inasmuch
as it enacted " that upon all sales or feoffments of land, the

feoffee shall hold the same, not of his immediate feoffor,

but of the chief lord of the fee of whom such feoffor him-

self held it." The statute did not apply to the king's

tenants in cajnte, who might have aliened their land under a

licence. Accordingly it is assumed that all existing manors
are " of a date prior to the statute of Quia Emptores,

except perhaps some which may have been created by the

king's tenants in capite with licence from the crown

"

(Williams, Heal Property, chap. iv. ; see also Scriven, Copy-

holds, chap. i.).. When a great baron had granted out smaller

' Laveleye {Primitive Property, chap, xviii.) observes that in the 10th

century, even before the Norman Conquest, the mark had already been

transformed into the manor, although the term was not yet in use.

The country was covered with a great number of domains (maneria), of

very dilTerent extent, from the maneriolum of one plough to the lati-

fundium of fiity ploughs.
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manors to others, tlie Beignory of tlie superior baron was
frequently termed an honoar.

MANKESA, a town of Catalonia, Spain, 39 miles

north-west of Barcelona, with a population of 15,264.

It was formerly Bacasis, one of the cities of the Jaccetani,

the most important of the small tribes at the foot of the

Pyrenees. It lies on tho left bank of the Cardonero,

2 miles above its junction with the Llobregst, in the

midst of a fertile and well-irrigated difitrict, and its chief

manufactures are cloth, cotton, silk, gunpowder, and
brandy. Building stone is quarried near the town. The
Cardonero is crossed by two bridges,—one ancient, tho

other erected in 1804. The two principal sights of Man-
resa are the collegiate church, El Seo, commenced in

1328, and finished in the 15th century, and the Cueva de

San Ygnacio. The late Mr G. E.' Street has minutely

described the church in his Gothic Architecture of Spain.

Among its greatest treasures he specializes a magnificent

altar frontal as "the most beautiful work of its age." It

is 10 feet long by 3 feet 10 inches in height, and is divided

into nine compartments, at the bottom of which is.

the inscription in Lombardic characters :

—

geei : lapi :

RECHAMATOEE : MEFECIT : INTLOEENTIA. • In the CuevA de
San Ygnacio, Ignatius Loyola lived for a year, fasting and
submitting himself to the severest penances, constantly

gazing at the shrine of the Virgin of Montserrat, who, he
asserted, encouraged him in hia austerities. A great

monastery surrounds the cave, which is visited by
thousands of pilgrims, and from the esplanade there is a

magnificent view of the "pinnacles, spires, turrets, sugar-

loaves, and pyramids of faint grey rocks," constituting the

famous mountain of Montserrat. At Cardona, a little

more than 20 miles to the north-west of Manresa, there is

a remarkable hill of rock-salt 3 miles in circumference,

and 350 feet in height, which is estimated to contain 400
million cubic yards of salt.

MANS, Le, a town of France, formerly capital of Maine
andnowof the department of Sarthe, lies 118miles{131 by
rail) W.S.W. from Paris, near the confluence of the Sarthe
and the Uuisne, on an elevation rising from the left bank
of the former river. Three bridges besides that of the rail-

way connect the town with the quarter on the right bank.

Of the wide and commodious thoroughfares which are

gradually superseding the old winding and narrow streets,

the most worthy of notice is the tunnel by which the Place

<]es Jacobins is connected with the riverside. The principal

building is the cathedral, originally founded by St Julian,

to whom it is dedicated. Eebuilt in the 6th century by
St Innocent, in the 9th by St Aldric, and a third or fourth

time in the 11th by Vnlgrin, who was at once architect

and bishop, it was completed by the addition of two towers
in tho 12th. Destroyed by two fires, the roof was recon-
structed in the Oothic style, and the transept and south
portal were added. In the 13th century the choir was en-

larged in the grandest and boldest style of that magnificent
period. Finally a new transept and a bell tower were added
in the 15th century. In the large window of the west front

the ton divisions which have for their subject the legend of

St Julian are tho oldest extant specimens of stained glass

in Franco (end of 11th century). The side portal (12th
century) is richly decorated, and its statuettes exhibit maiiy
interesting costumes of the period. The aisles have ten
bays, but the nave only five; the transept is much higher;
from it rises the only tower of the building. The austere
simplicity of tho nave is in striking contrast with the lavish
richness of tho ornamentation in the choir and apse. Tho
former is 115 feet in height, and has twelve chapels besides
the sacristy

; its windows almost entirely date from the
middle of the 13th century. Tho glass of tho north transept

is of the 15th centurj-, and represents the Last Judgment;

15- 1
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it contains many historical figures. The cathedral has also
curious tapestries and some remarkable tombs, including
that of Berengaria, qaeen of Richard Coeur de Lion. The
entire length of the building is 427 feet. Close to the
western wall is a megalithic nyinument nearly 15 feet in
height The church of La Couture, which belonged to an
old abbey founded in the 7th century by St Bertrand or
Bertram, has a remarkable porch of the 13th century; (he
rest of the building is older. Of the other churches of Le
Mans, none require special mention except that of Notre
Dame do Prd, on the right bank of the Sarthe. Of tho
secular buildings may be mentioned ths hotel de ville,

built about a century ago on the site of the former castle

of the counts of Maine, and the prefecture, occupying the
site of the monastery of La Couture (1760). The latter

contains the library (50,000 volumes, 700 MSS.), the com-
munal archives, and the museum of paintings, archaeology,

and natural history. Other prominent buildings are the

general hospital, the lyceum, the seminary, the palais de
justice, and the cavalry barracks ; the house occupied by
Scarron is still pointed out, and there are considerable

remains of the old Gallo-Koman enceinte. The principal

promenades are those of the Jacobins, of the horticultural

garden, Du GrefBer (on the right bank of the river), and
Des Sapins (on the road to Tours). The industries of Le
Mans, which are carried on chiefly in the faubourg of

Pontlieue, include metal-working, the manufacture of agri-

cultural implements, and weaving. For some years there

has been a Government tobacco factory. A local specialty"

is the fattening of poultry. The population in 1876 was
50,175 (including 5282 representing the garrison, ifec). Le
Mans is an important railway junction.

As the capital of the Aukrci Cenomani, Le IfanJ vras called

Suindinum or Viudinum. The Romans surrounded it with nalla
in the 3d century ; it was evangelized by St Julian in the 4th.

The countship. of Maine was made hereditary by Hugh Capet
in the 10th century. Le Mans was seized, by William the Con-
queror, but his son Robert was unable to retain it. Having chosen
the side of Richard Coeur-de-Lion, it was taken by Philip Augustus,
recaptured by John, subsequently confiscated, and afterwards ceded
to the widow of Richard. Maine was next held by Margaret, the
wife of St Lonis. who gave it to his brother Charles of Anjou.- Le
Mans was five times besieged during the Hundred Years' War, and
was subsequently devastated by the Huguenots in 1562. In 1753
it was seized by the Vendeans, who were expelled by Marceau after

a sanguinary battle in the streets of the town. In 179? it was
again occupied by the Chouans; and in January 1871 the second
army of the Loire sustained in the neighbourhood of Le Mans s
defeat which made the relief of Paris impossible. The town is the
birthplace of Henry 11. of England, of John the Good, king at

France, and of Chappe, the inventor of the aerial telegraph.

MANSEL, He.yry Longueville (1820-1871), meta-

physician and theologian, .was born at Cosgrove, North-

amptonshire (whera his father was rector) in 1820, and
educated at Merchant Taylors' School and St John's College,

Oxford. He succeeded to a fellowship in 1842, graduated

in 1843, and became tutor of his college. He was ap-

pointed reader in moral and metaphysical philosophy at

Magdalen College in 1855, becoming Waynflete professor

in 1859. In 1867 he succeeded Dean Stanley as professor

of ecclesiastical history, and in the following year was
appointed dean of St Paul's. He died July 31, 1871.

The philosophy of Atansel, like that of his older contemporary

Sir W. Hamilton of Edinburgh, was mainly due to three sourees,

—

the works of Aristotle, the speculations of Kant, and the philosophy

of Rcid. Like Hamilton, Mansel maintained tho purely formal

character of logical science, tho duality of consciousness as testify-

ing to both self and the external world, and the limitation of

knowledge to tho finite and "conditioned." His logical doctrines

wore developed in liis edition of Aldrich's Artis Lcgices RudimctUa
(1849)—his chief contribution to the reviving study of Aristotle

—

and in his J'rolcgomcna Logica,—ati Inquiry into the rsychological

Character of Logical Processes (1851), in which the limits of logic as

the " science of formal thinking" are rigorously determined. In

his Bampton Lectures on The Limits of Religious J/ioHjAt (1868)
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Tie applied to Christian ttcology the metaphysical agnosticism

which sooraed to result from Kint's criticisiji, and which had
be«n deToloped in Hamilton's Philosophy of the Uncondilional.

Showing the contradictions which arise when we attempt to concoiya

God under the categories of substance or cause, Jlaasol'contonds

that we can have no po'sitive conception either of the metapliviiical

or moral attributes of th» Ateolute and Infinite Being, though we
are compelled to beliere ia Uis- existence, the religious conscious-

ness being built up by refloidon from the feeliu^of deiiendenca and
the conviction of moral obligation. Hepce he infers the invalidity

of all objections to revelation from its alleged inconsistency with

the Divine character, maiutaining the dependence of its claim to

acceptance upon the evidences accompanying it 'Wliile denying all

knowledge of the supersensuous, ilansel deviated from Kant in

contending that cognition of the ego as it really is is itself a fact

of experience. Consciousness, he held,—agreeing thus with the

doctrine of " natural realism " which Hamilton developed from
Bfiid,—implies knowledge both of self and of the external world.

The latter Manael's psychology reduces to consciousness of our
organism as ex.tended ; with the former is given consciousness of

free-will and moral obligation. These views and a summary ni

his whole philosophy are contained in his article " Metaphysics
"

contributed to the 8th edition of the EncydopsBdia, Sritannica
(separately published, 1860). Mansel was aJso the author of an

essay on Tke Philosophy of tte Conditioiiai (1866) in reply to

Mill's criticism of Hamilton, of other controversial and occassional

writings republished in Letters, Lectures, and Heviews (1873), and
of lectures on The Gnostic Heresies (edited by J. B. Lightfoot,

18?5).

MINSFELD, Count .Ernest op (1585-1C26), a

natural soa of Peter Kmest, governor of Luxemburg and
Brussels, waa bora ia 1585. Trained by his godfuther,

the archduke Ernest of Austria, in the Romaa Catholic

religion, he devoted himself to the service of the king of

Spain in the Netherlands, and to that of the emperor in

Hungary. The emperor Rudolf IL conferred on him
the rights of legitimate birth, and promised to put him in

possession of his father's lands in the Netherlands. As
tliis promise was not fulfilled, he joined the Reformed

Church, and in IGIO formally associated himself with the

Jrotestant princes. From the outbreak of the Thirty

Years' War in 1618 he fought steadily on behalf of the

elector of the Palatinate both in Bohemia and in the Rhine

country. In 1625 he waa able to collect a powerful force

with which he iutended to attack the hereditary territories

of Austrii, but, on the 25th of April 1626, he was defeated

by Wallenstein at Dessau. He pressed forward to eflFect a

junction with Bethlen Gabor, prince of Transylvania, but

as the latter changed his policy Mansfeld had no alternative

but to disband his army. When preparing to go to

England by Venice, he became ill at a village near Zara,

and died on the 20th of November 1626, He was a roan

of great courage and resource, and ranks among the most

brilliant generals of his age,

See Reuss, Graf Ernst vo,\. itaiisfeld im bihmisdven Kriege

1618-21 (1865) ; ViUermont, Ernest de Mans/eld (1866) i and
Graf Uetterodt zu Scharffenberg, Ernest Oraf su Manafttd, his-

torische Darstdlung {1367}.

MANSFIELD, a market-town in the oonnty of

Nottingham, England, is situated in Sherwood Forest, near

the north bank of tho river Mann or Maun, 17 miles

north-west from Nottingham, and 140 north-north-west of

London by rail The town is built of stone, with regular

streets radiating from the market place, and several good

houses. The church of St Peter is partly Early Norman
and "partly Perpendicular. There is a grammar school

founded by Queen Elizabeth in 1561, for which new
buildings have lately been erected at a cost of £10,000.

Twelve almshouses were founded by Elizabeth Heath in

1693, and to these six were afterwards added. In addition

there are a number of other charities. The other principal

buildings are the town-hall, the mechanics' institute, and
the public baths. In the market place there is a monu-
ment to Lord George Bentinck. The industries of the town
are the manufacture of lace thread, cotton hose, machines,

engines, and bricks and tiles, iron-founding, and brewing.

In the neighbourhood there are quarries of limestone,

sandstone, and freestone. Population in 1871, 11,824;
in 1881, 13,65L
Trom coins found at Mansfield and the remains o£ a Bonian vilU

in the neighbourhood, it is believed to have been a Komau station.

During the heptarchy it Avas occasionally the residence of the
Mercian kings, and it was afterwards a favonrite resort of Normoa
sovereigns. By Henry VUl. the manor was granted to th© earl ofi

Surrey. Afterwards it went by exchange to the duke of Newcastle,
and from the Newcastles to the Portland family. The town
obtained a fair from Hichard II. in 1377.

MANSFIELD, the county seat of Richland county,

Ohio, U.S., pleasantly situated on high ground, 54 miles

south of Sandusky, in the midst of a prosperous farming

district. It is the terminus of the North-Western Ohio Kail-

road, and is at the jimction of the Baltimore and Ohio, the

Pittsburgh, Fort Wayne, and Chicago, and the New York,

Pennsylvania, and Ohio lines. It possesses a flourishing

trade, and extensive manufactories of agricultural imple-

ments, machinery, fl^our, boilers, carriages, and household

furniture, with many minor industries. Mansfield has

public water-works Chx the " Holly " system, a public library,

and an opera-house. The population was 8029 in 1870

and 9859 in 1880.

JIANSFIELD, WiLUAJi Mukkay, Eabl of (1705-

1793), was born at Scone, in Perthshire, on 2d March 1705.

He was the eleventh child and fourth son of David, fifth

Viscount Stormont, a nobleman whose family possessions

had shrunk within so narrow limits that he had to bring up

his numerous family with exceedingly strict economy. The
family was Jacobite in its politics, and the second son, being

apparently mixed up in some of the plots of the lime, joined

the court of the Pretender at the accession of George I.,

and was created by him earl of Dunbar. William Murray

was sent first to the grammar school at Perth, where he

remained until he was thirteen, and at that age was sent

to Westminster at the suggestion of his exiled brother, who
had been in close relation with Atterbury (then dean of

Westminster), and probably desired to bring the boy under

his influence. He was elected a king's-scholar -a year after

his entrance, and in 1723 was first on the list of scholars

sent on the foundation to Christ Church, where he remained

for nearly four years. It had been originally intended that

he should enter the English church, as, although his own
inclination while at school pointed strongly towards the

bar, the circumstances of his family seemed to forbid the

expense of a legal education. But this obstacle was

removed by the kindness of the father of one of his school-

fellows, and he was entered at Lincoln's Inn. Soon after

he went to Oxford. In 1727 he took chambers in

Lincoln's Inn, and in 1730 was called to the bar. His

studies from the time he left Westminster seem to have

been steadily directed towards his future profession, but in

a manner far more liberal than was then usual among
lawyers. He had made himself at Westminster and Oxford

an admirable classical scholar ; he paid particular attention

to English composition and to the art of debate; his

historical studies were extensive, and in the moio strictly

professional sphere his wide view of the ^ucation accessary

for a lawyer was shown by the knowledge he acquired of

Roman law and of the juridical writers of Scotland and

France-. At the same time ho enjoyed the advantage of

mixing extensively with the best literary society. He had

early become an intimate friend of Pope, and his own
ability and accomplishments soon made him everywhere a

man of mark.

For two or threo years he made little or no progress at

the bar, but at length his appearance in some important

Scotch appeal cases brought him into notice, and in

Scotland at least ha acquired an immense reputation by

his appearance for th© city of Edinburgh when it was
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threatened with distrancbiaement for the affair of the

Porteous mob. His English business bad as yet been

scanty, but in 1737 a single speech in a jury trial of note

may be said to have placed him at the head of the bar, and

from this time he enjoyed a great business. In 1738 he

married Lady Elieabeth Finch, daughter of the earl of

Winchelsea. His political career commenced iu 1742 with

his appointment as solicitor-generaL Probably his politi-

cal opinions were not of a marked party character ; ho had

been brt?d a Jacobite, and many of his earlier associates

belonged to the high Tory camp, but his calm sense and

temper disinclined him to extreme factions, and indeed his

interest in politics seems ot all times to have been sub-

ordinate to the love of his profession. He had kept entirely

aloof during the struggles which preceded the fall of Sir

Robert Walpole ; he refused any purely political appoint-

ment, and only took office as solicitor when he felt assured

of the permanence of the new administration. During the

next fourteen years Murray was one of the most con-

Bpicuous figures in the parliamentary history of the time.

Although holding an office of subordinate rank, and not

aharing, nominally at least, in the councils of the adminis-

tration, he was the chief defender of their measures in the

House of Commons, and during the time that Pitt was in

opposition had to bear the brunt of his attacks. He was
especially conspicuous in the great debates on the employ-

ment of the Hanoverian troops, the treaty of Aix-la-

Chapelle, and the Regency Bill. In 1754 he became
nttorney-general, and for the next two years acted as

leader of the House of Commons under the administration

of the duke of Newcastle. During these years he had to

defend a weak Government against the incessant, vehe-

ment assaults of Pitt, and, according to the testimony, of

contemporaries, acquitted himself brilliantly in the contest.

But in 1756, when the Government was evidently ap-

proaching; its fall, an unexpected vacancy occurred in the

chief justiceship of the king's bench, and he claimed the

office. Ncnfcastlo made every effort to retain him in the

House of Commons, feeling as he did that his departure

would hasten the fall of the Government, but Murray
was inexorable. He seems to have been thoroughly tired

of his parliamentary life, and to have long looked forward

to the bench as the proper sphere of his work. He was
at the same time raised to the peerage as Baron ]\Iansfield.

From this time the chief interest of his career lies in his

judicial work, but he did not wholly dissever himself from
politics. He became by a singular arrangement, only once

repeated subsequently in the case of Lord EUenborough, a
member of the cabinet, and remained in that position

through various changes of administration for nearly

fifteen years, and, although ho persistently refused the

chancellorship, he acted as speaker of the House of Lords
while the great seal was in commission. During the time
of Pitt's ascendency he took but little part in politics, but
while Lord Bute was in power his influence was very
considerable, and seems mostly to have been exerted in

favour of a more moderate line of policy. Ho was on the
whole a supporter of the prerogative, but within definite

limita Macaulay terms him, justly enough, " the father

of modem Toryism, of Toryism modified to suit an order of

things in which the House of Commons is the most power-
ful body in the state." In this spirit he continued to act a
conspicuous though not a foremost part in political life

during the rest of his career. During the stormy session

of 1770 he came into violent collision with Lord Chatham
and Lord Camden in the questions that arose out of the
Middlesex election and the trials for political libel, and in

the subsequent years he was made the subject of the bitter

attacks of Junius, in which his early Jacobite connexions,
and his apparent leanings to arbitrary power, were used

against him with extraordinary ability and virulence. In
1776 he was created earl of Mansfield. In 1783, although
he declined to re-enter the cabinet, he acted as speaker of

the House of Lords during the coalition ministry, and
with this his political career may be said to have closed.

He continued to act as chief justice until his resignation in

June 1788, and after five years spent iii quiet retirement

died peacefully on 20th March 1793. He left no family,

but his title had been re-granted (in 1792) with a direct

remainder to his nephew. Lord Stormont.
Lord Mansfield's great reputation rests chiefly on his

judicial career. The political trials in which he presided,

although they gave rise to numerous accusations against
him, were conducted with singular fairness and propriety.

He was accused with especial bitterness of favouring arbi-

trary power by the law which he laid down in the trials for

libel which arose out of the publications of Junius and
Home Tooke, and which at a later time he reaffirmed in the
case of the dean of St Asaph (see Lidel). But, although
his political opinions led him to look with disfavour on the

popular view, and although it was unquestionably unfor
tunate that in some of these instances he was a member
of the cabinet which directed the proceedings, we must
remember that his view of the law was concurred in by
the.great majority of the judges and lawyers of that time,

and was supported by undoubted precedents. In other
instances, when the Government were equally concerned,
he was wholly free from suspicion. He supported Lord
Camden's decision against general warrants, and reversed

the outlawry of Wilkes. While on the whole he leaned in

opinion to a view of the law which we should now call

oppressive, there is no instance in which he can justly be
accused of wresting it, and m every instance he treated

the accused with a fairness and decency which had not
always been shown by his predecessors. In another way
he came into conflict with popular prejudices. He was
always ready to protect the rights of conscience, whether
they were claimed by Dissenters or Catholics, and the

popular fury which led to the destruction of his house
during the Gordon riots was directed against him very

much because a Catholic priest, who was accused of saying

mass, had escaped the penal laws by his charge to the jury.

His chief celebrity, however, is founded upon the con-

summate ability with which he discharged the civil duties

of his office. He has alvrays been recognized as the founder

of English mercantile law. The common law as it existed

before Lis time was wholly inadequate to cope with the

new cases and customs which arose with the increasing

development of commerce. The facts were left to the jury

to decide as best they might, and no principle was ever

extracted from them which might serve as a guide in

subsequent cases. Lord Mansfield found the law in this

chaotic state, and" left it in a form that was Jalmost

equivalent to a code. Working patiently with the guild-

hall juries, whom he trained to act in thorough understand-

ing with him, he defined almost every principle that

governed commercial transactions in such a manner that his

successors had only to apply the rules he had laid down.
His knowledge of Roman and foreign law, and the general

width of his education, freed him from the danger of rely-

ing too exclusively npon narrow precedents, and afforded

him a storehouse of principles and illustrations, while the

grasp and acnteness of his intellect enabled him to put his

judgments in a form which almost always commanded
assent. A similar influence was exerted by him in other

branches of the common law ; and althongh, after his

retirement, a reaction took place, and he was recarded for

a while as one who had corrupted the ancient principles

of English law, these prejudices passed rapidly away, and
the value of his work in bringing the older law in harmony
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^•ith tlie neeas of modern society Las long been fully

vcognized.

Tho chief defect of Lord Mansfield's character was

a certain coldness and want of moral courage. He had

«io very warm attachment either to persons or opinions,

although invariably kindly and considerate in his de-

meanour.', -Even his greatest speeches owe their impres-

tiveness to a certain intellectual nobleness and breadth of

view. Kis attachment to justice was not impassioned, but

of the type which is bred from highest professional custom,

and from the kind of intellectual taste which led him so

fretjuently to the ethical writings of Cicero. He could not

always face the enthusiasm of Chatham, and we cannot

feel certain that his courage would have sustained him

through any very perilous stand for righteousness. But in

the sphere in which he was chiefly famous these defects

were scarcely disadvantages. His sense of duty and of

personal dignity was amply sufficient to bear him perfectly

unstained through life. No suitor had ever to complain

of delay or neglect. His want of strong feeling only per-

mitted him to use his magnificent intellect with greater

impartiality ; and, if at any time he was affected by personal

prejudice, no trace of it -was ever allowed to appear.

Nothing ever disturbed the perfect dignity and propriety

of his judicial conduct, which is apparent in every trial at

which he presided. He impressed himself on the mind
of his contemporaries as one of the best examples of

what a great judge ought to be, and from that e.stimate

a closer examination of his claims will scarcely lead us to

difl'er. ^A. Gl.)

JIANSLAUGHTER. See Murdee.
MANSON, George (1850-1876), a Scottish water-

colour painter, was born in Edinburgh on the 3d of

December 1850. When about fifteen he was apprenticed

03 a woodcutter with Messrs \V. & R. Chambers, with

whom he remained for over five jears, designing and
engraving vignettes distinguished by singular Tightness and

directness of technical method, diligently employing all

his spare time in the study and practice of art, and pro-

ducing in his morning and evening hours water-colours of

much delicacy and beauty, like the Jfilking Time and the

Cottage Door. In 1871 he left the Jlessrs Chambers, and

devoted himself exclusively to painting. His subjects

were derived from humble Scottish life—especially child

life, varied occasionally by portraiture, by landscape, and

by views of picturesque architecture. In 1873 he visited

Normandy, Belgium, and Holland ; in the following year

he spent several months in Sark; and in 1875 he resided

at St L6, and in Paris, where he mastered the processes

<)f etching. He afterwards produced a series of plates

which promised excellence in the art. Meanwhile in his

vrater-colour work he had been adding more of breadth

end power to the tenderness and richness of colour which

distinguished his early pictures, and he was planning more

complex and important subjects. But his health had been

gradually failing, and he was ordered to Lympstone in

Devonshire, where he died on the 27th of February 187G.

Among his chief productions are the High School Wynd

;

the Companions—a gipsy girl and her donkey ; Waiting for

the Boats ; What is It ?—a child examining an antique

clock ; and his own portrait as a Sark fisherman. Since

his death several exhibitions of his works have been held

in London and Edinburgh, and a volume of photographs

from his water-colours and eketchijs, with a memoir by
J. M. "Gray, was published in 1880. For an account of

Manson's technical method as a wood engraver see P. G.

Hamerton's Graphic Arts, p, 311.

MANSUB, Mansoor, or more properly, with the article,

Al-Mansi5e, " the victorious," a surname (lalab) assumed

by not & few Mohammedan priopes. Among the person-

ages commonly referred to by this title the following vaaj

be noticed.

1. Abii Ja'iar ibn Mohammed, second caliph of the

house of 'Abbds, who reigned 754-775 a. v. See

Mohammedan Empire.

2. Abii TAhir Isma'il ibn Al-KAini, third Fatimite caliph

of Africa (946-953). Under Al-'K.-\im, his father, the Fatim-

ites, already weakened by their conflict with the Omayyads

of Spain, were threatened with utter ruin by a Berber rising

under Abi'i Yezfd, a poor nonconformist ('Ibidl) school-

master, who appeared as a religious reformer, andgathertd

round him tho Sunnites, who detested the Fatimites. In

944 Abii Yezld conquered the capital Kairaw.in, and

recognized the spiritual headsl'ip of the Spanish caliph.

While the Spanish caliph and his vassals stripped the

Fatimite of his remoter possessions, Abii Yezfd pressed

him at home, and during the siege of Siisa AlKAini died,

and was succeeded by Al-Mansi'ir. Then the fortunes of

war rapidly turned Abii Yezid alienated many of his

followers by lapsing into habits of arrogant luxury and

by treachery towards the Sunnites. At length he lost all

he had won, fell into the hands of Al-Mansiir, and was

put to death (947). The caliph built the city of Man-
Biirlyah on the field of the decisive battle and made it his

residence; the empire was rapidly restored, and the Spanish

vassals driven from Africa. Al-Mansiir died at Mansiirf-

yali, and was succeeded by Al-Mo'izz, the conqueror of

Egypt (see vol. vii. p. 750 sq.).

3. Ibn Abf 'Amir Mohammed, commonly called

Almanzor by European writers, of an ancient but not

illustrious Arab family, which had its seat at Torrox near

Algeciras, was born 939 A.D., and began life as a lawyer

at Cordova. In 967 he obtained a place at the court

of Hakam II., the Andalusian caliph, and by an unusual

combination of the talents of a courtier with administrative

ability and address in dealing with men, rapidly rose to

distinction, enjoying in particular the powerful support of

Subh, the favourite of the caliph and mother of his heir

HisliAm. On the death of Hakam (976) the accession of

a minor gave fresh scope to the genius of Ibn Abl 'Amir,

who threaded his way with consummate but unscrupulous

talent through the intrigues of the court, and in 978
became prime minister. He now aimed at absolute do-

minion. The weak young caliph, absorbed in _ exercises

of piety, was easily reduced to a cipher, but at' first Ibn
Abi 'Amir had to share the power with his father-in-law

G'h.'llib, the best general of Andalusia, and his chief aid,

along with the mother of Hishdm, in the steps that had
raised him to power. At last a rupture took place be-

tween the two ministers, and ended in a war, in which
Ghdlib professed himself the champion of the caliph and
called in the aid of the Christians of Leon. But his rival

had anticipated the struggle ; he had long before found
means to add military to administrative reputation, and
since he rose to the direction of affairs had remodelled

the army so as to make it more formidable and more
devoted to his cause. Ghilib fell in battle (981); a vic-

torious campaign chastised the Leonese ; and on his return

to Cordova the victor assumed the regal surname of Al-

Mansiir billah, and became practically sovereign of Anda-
lusia. The caliph was a mere prisoner of state, holding a
nominal dignity, and AJ-Mansiir ultimately assumed the

title as well as the prerogatives of king (996). Unscrupu-
lous in the means- by which he rose to power, he wielded

the sovereignty nobly. His strict justice and the en-

lightened excellence of his internal administration were not
less notable than his military prowess. But it is by the

latter that he is best known. His arms were the terror of

the Christians', and raised the Moslem power in Spain to

a pitch it had never before attained. He fought more than
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fifty campiigns, all glorious, and destroyed many cities,

including the three capitals of Leon, Pampeluna, and Bar-

celona, and the sacred shrine of Santiago do Conipostella.

In Africa his armies were for a time hard pressed by the

revolt of Zirf, viceroy of Mauretania, but before his death

this enemy had also fallen. Al-Mansur died at Medinaceli

10th August 1002, and was succeeded by his son Modaflfar.^

4. Abd Yiisuf Ya'kiib ibn Yusuf (Jacob Almanzor), of

the Moorish dynasty of the Almohades, the conqueror of

Alphonso III. in the great battle of Alarcos C1195), reigned

1184-99.

MANTEGNA, Andeea (1431-1506), one of the chief

heroes in the advance of painting in Italy, was born in or

near Padua, of very humble parentage. It is said that

in his earliest boyhood Andrea was, like Giotto,

put to shepherding or cattle-herding ; but this can have

lasted only a very short while, as his natural genius for art

developed with singular precocity, and excited the attention

of Francesco Squarcione, who entered him in the guild of

painters before he had completed his eleventh year.

Squarcione, whoso original vocation was tailoring, appears

to Lave had a remarkable enthusiasm for ancient art, and

a proportionate faculty for acting, with profit to himself

and others, as a sort of artistic middleman ; his own per-

formances as a painter were merely mediocre. He travelled

in Italy, and perhaps in Greece also, collecting antique

statues, reliefs, vases, &c., forming the largest collection

then extant of such works, making drawings from them
himself, and throwing open his stores for others to study

from, and then undertaking works on commission for

which his pupils no less than himself were made available.

As many as one hundred and thirty-seven painters and
pictoiial students passed through his school, established

towards 1440, which became famous all over Italy.

Mantegna was, as he deserved to be, Squarcione's favcvirite

pupil. Squarcione adopted him as his son, and purposed

uraking him the leir of his fortune. Andrea was only seven-

teen when he painted, in the church of St Sophia in Padua,

a Madonna picture of exceptional and recognized excellence.

He was no doubt fully aware of having achieved no com-

mon feat, as he marked the work with his name and the

date, and the years of his a^e. This painting was destroyed

in the 17 th century.

The affectionate relation Detween Squarcione and
Mantegna was not destined to continue long. As the

youth progressed in his studies, he came under the influence

of Jacopo Bellini, a painter considerably superior to

Squarcione, father of the celebrated painters Giovanni and
Gentile, and of a daughter Niccolosia ; and at some date,

which may have been towards 1450, Jacopo gave Niccolosia

to Andrea in marriage. This connexion of Andrea with

the pictorial rival of Squarcione is generally assigned as

the reason why the latter became alienated from the son

.

of his adoption, and always afterwards hostile to him.

Another suggestion, which rests, however, merely on its

own internal probability, is that Squarcione had at the

outset used his pupil Andrea as the unavowed executant of

certain commissions, but that after a while Andrea began

painting on his own account, thus injuring the professional

interests of his chief, and inSurring his animosity. The
remarkably definite and original stylo formed by Mantegna
may be traced out as founded on the study of tho antique'

in Squarcione's atelier, followed by a diligent application

of principles of work exemplified by Paolo Uccello and
Donatello, with the practical guidance and example of

Jacopo Bellini in the sequel.

Among tho other early works of Mantegna are. the fresco

of two saints over the entranco-porch of tho church of S.

' ' Itis life 13 brilliantly described in vol. iii. of Dozy, Ilialoire des

^uiulmana cCEspagne.

Antonio in Padua, 14??, and an altarpieco of St Luke
and other saints for the church of St Justina, now in the*

Brera Gallery in Milan, 1453. It is probable, however,
that before this time some of the pupils of Squarcione,
including Mantegna, had already begun that series of

frescos in the chapel of St Christopher, in the church of

S. Agostino degli Eremitani, by which the great painter's

reputation was fully confirmed, and which remain to this

day conspicuous among his finest achievements.^ The now
censorious Squarcione found much to carp at in the earlier

works of this series, illustrating the life of St James ; he
said the figures were like men of stone, and had better

have been coloured stone-colour at once. Andrea, con-

scious as he was of his great faculty and mastery, and of

tho transcendent display he had here made of these, seems
nevertheless to have felt that there was something in his

old preceptor's strictures ; and the later subjects, from the

legend of St Christopher, combine with his other excel-

lences more of natural character and vivacity. Trained as

he had been in the study of marbles and the severity

of the antique, and openly avowing that he considered the

antique superior to nature as being more eclectic in form,

he now and always affected precision of outline, dignity

of idea and of figure, and he thus tended towards rigidity,

and to an austere wholeness rather than gracious sensi-

tiveness of expression. His draperies are tight and closely

folded, being studied (as it ie said) from models draped in

paper and woven fabrics gummed. Figures slim, mus-
cular, and bony, action impetuous but of arrested energy,

tawny landscape, gritty with littering pebbles, mark the
athletic hauteur of his style. He never changed, though
he developed and perfected, the manner which he had
adopted in Padua; his colouring, at first rather neutral

and undecided, strengthened and matured. There is

throughout his works more balancing of colour than fine-

ness of tune. One of his great aims was optical illusion,

which he carried out by a mastery of perspective that,

though not always impeccably correct, nor absolutely

superior in principle to the highest contemporary point of

attainment, was worked out by himself with strenuous

labour, and an effect of actuality astonishing in those

times.

Snccessfnl and admired though he was in Padua,

Mantegna left his native city at an early age, and never

afterwards resettled there ; the hostility of Squarcione has

been assigned as the cause. The rest of his life was
passed in Verona, Mantua, and Rome—chiefly Mantua;
Venice and Florence have also been named, but without

confirmation.

It may have been in 145C that ho went to Verona ; and
he painted, though not on the spot, a grand altarpiece for

the church of S. Zenon, a Madonna and angels, with four

saints on each side. 'The Marquis Lodovico Gonzaga of

Mantua had for some time been pressing Mantegna to enter

his service ; and the following year, 1460, was perhaps

the one in v,-hich he actually established himself at the

JIantuan court, residing at first from time to time at

Goito, but, from December 1466 onwards, with his family

in Mantua itself. His engagement was for a salary of 75

lire (about .£30) a month, a sum so large for that period

as to mark conspicuously the high regard in which his art

was held. He was in fact the first painter of any eminence

* His fellow-workers were Bono of Ferrarn, Ansuino of Fori), and
Niccoli Pizzolo, to whom considerable sections of the fresef-paiutings

are to bo assigned. The acts of St James and St Christopher are the

leading subjects of the series. St James Exorcising may have been

commenced by Pizzolo, and completed by Mantegna. The Calling of

St James to the Apostleship appears to be Mantepna's design; partially

carried out by Pizzolo ; tho subjects of St James baptizing, his appear-

ing before the judge, and going to execution; and most of thejle^'enii

of St Christopher, are entirely by Mantegna,
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ever domiciled in Mantua. He built a stately bouse in tiie

city, and adorned it with a multitude of paintings. The

house remains, but the pictures have perished. Some of

his early llantuaa works are in that apartment of tho

Castello which is termed the Camera degli Sposi,— full

iompositions in fresco, including various portraits of the

Gonzaga family, and some figures of genii, ic. In 118S

he went to Rome at the request of Pope Innocent VIIL,

to paint the frescos in the chapel of tbo Belvedere in

the Vatican ; the duke of Mantua created him a cavaliere

before his departure. This series of frescos, including a

noted Baptism of Christ, was ruthlessly destroyed by Pius

VI. in laying oat the Museo Pio-CIeraentino. The pope

treated Mantegna with less liberality than he had been used

to at the Mantuan court ; but on the whole their connexion,

which ceased ia 1490, was not unsatisfactory to either

party. Mantegna then returned to Mantua, and weut on

with a series of works—the nine tempera-pictures, each of

them 9 feet square, of the Triumph of Ca;sar—which he

had* probably begun before his leaving for Rome, and

which are now in Hampton Court. These superbly

invented and designed compositions, gorgeous with all

splendour of subject-matter and occessory, and with the

classical learning and enthusiasm of one of the master-

spirits of the age, have always been accounted of the first

rank among Mantegna's works. They were sold in 1628

along with the bulk of the Mantuan art treasures, and

were not, as is commonly said, plundered in the sack of

Mantua in 1G30. They are now greatly damaged by
patchy repaintings. Another work of Mantegna's later

years was the so-called JIadonna della Vittoria, now in the

Louvre. It was painted in tempera about 1495, in com-

memoration of the battle of Fornovo, which Gonzaga found

it convenient to represent to his lieges as au Italian victory,

though in fact it had been a French victory ; tho church

which originally housed the picture was built from

Mantegna's own design. The JIadonna is here depicted

with various saints, the archangel Jlichael and St Maurice

holding her mantle, which is extended over the kneeling

Francesco Gonzaga, amid a profusion of rich festooning

and other accessory. Though not in all respects of his

highest order of execution, this counts among the most

obviously beautiful and attractive of Mantegna's works,

—

from which it must be said that the qualities of beauty and

attraction are often excluded, in the stringent pursuit of

those other excellences more germane to his severe genius,

tense energy passing into haggard passion.

Vasari eulogizes Mantegna for his courteous, distin-

guished, and praiseworthy deportment, although there are

indications of his having been not a little litigious in dis-

position. With his fellow-pupils at Padua he had been

afTectionate ; and for two of them, Dario da Trevigi and
Marco Zoppo, he retained a steady friendship. That he

had a high opinion of himself was natural, for no artist of

his epoch could produce more manifest vouchers of high

and progressive attainment. He became very expensive in

Jiis habits, fell at times into difficulties, and had to urge

his valid claims upon the duke's attention. After his

return to Mantua from Rome his prosperity was at its

height, until the death of his wife. He then formed some
other connexion, and became at an advanced age the father

of a natural son, Giovanni Andrea ; and at the last,

although he continued, launching out into various expenses

and schemes, he had serious tribulations, such as the

banishment from Mantua of his son Francesco, who had
incurred the duke's displeasure. Perhaps the aged master
end connoisseur regarded as barely less trying the hard
necessity of parting with a beloved antique bust of

Faustina.- Very soon after this transaction he died in

Hantua, on 19th September 150G. In 1517 a handsome

monument was set up to him by his sons in tue church of

S. Andrea, where he had painted the altarpiece of the

mortuary chapeL

Wc have spoken as yet of Mantegns as a painter and architect

;

he was no less eminent as an engraver, and is reported to have been

a sculptor and poet as well, though wc are not aware that asy versea

of his are extant, or that his sculntuial practice e.ttended beyond
making a drawing for a etatue of Virgil. As an engraver his his-

tory ia somewhat obscure, partly because he never signed or dateil

any of his plates, unless in one single disputed instance, 1472. The
account which has come down to ua is that JlantPgna began en-

graving in Rome, prompted by the engravings produced by Baccio

Baldini of Florence after Sandro Botticelli ; nor is there anything

positive to invalidate this account, except the consideration that it

would consign all the numerous and elalorate engravings made bj
Mantegna to the last sLxteen or seventeen years of his life, whicli

seems a scanty space for tlicm. To get over this dilijculty, it has

been suggested, but without any evidence, that he began engraving

whilo still in Padua, nnder tlie tuition of a distinguished .goldsmith,

Kiccoli. He engraved about fifty plates, according to the usual

reckoning ; some thirty of them arc indisputable—often largo, fuU
of figures, and highly studied. Among the principal examples are

I'lOmin Triumphs (not the same compositions as the Hampton Court
pictures), A Bacchanal Festival, Hercules and Antreus, Marine
Uojs, Judith with the Head of Holophernes, the Deposition from
the'Cross, the Entombment, the Kesurrcction, tho Man of Sonows,
the Virgin in a Grotto. JIantegna has sometimes been credited

with the important invention of engraving with the bnrin on
copper. This claim cannot be sustained on a comparison of dates,

but at any rate he introduced the art into upper Italy. Several o(

his engi'avings are supbosed ta be executed on some metal less hard
than copper. The technique of himself and his followers is charac-
terized by the strongly marked forms of the design, and by thi/

oblique formal hatchings of the shadows. The prints are frequently

to be found in two states, or editions. In the first state, the prints

have been taken off with the roller, or even by hand-pressing, and
they are weak in tint ; in the second state, the printing press has
been used, and the ink is stronger.

The influence of Mantegna on the style and tendency of his aga
was very marked, and extended not only to his own flourishing

Mantuan school, but over Italian art generally. His vigorous per-
spectives and trenchant foreshortenings pioneered tho way to other
artists : in solid antique taste, and the power of reviving the aspect
of a remote age with .Mime approach to system and consistency, h«
distanced all contemporary competition. He did not, however,
leave behind him many scholars of superior faculty. His two
legitimate sons were painters of only ordinary ability. His
favourite pupil was known as Carlo del Mantegna ; Caroto of
Verona was another impil, Bonsignori an imitator. Giovanni
Bellini, in his earlier works, obviously followed the lead of hii
brother-in-law Andrea.
The works painted by Jfantegna, apart from his frescos, are not

numerous ; thirty-three or thereabouts are regarded as fully authen-
ticated. We may name, besides those already specified—in the
Naples museum, St Euphemia, a fine early work ; in Casa Melzi,
Milan, the Madonna and Cliild with Chanting Angels, 1461 ; in

the Tribune of the Ufiizi, Florence, three pictures remarkable for

scrupulous finish ; in the Berlin Museum, the Dead Christ with two
Angels ; in the Louvre, the two celebrated pictures of mythic
allegory—Parnassus, and Minerva Triumphing over the Vices ; in
the London National Gallery, the Virgin and Child enthroned,
with the Baptist and the Magdalen, a late example ; the mono-
chrome of Vestals, lately bought from Ham ilton Palace ; the Triumph
of Scipio (or Phrygian Mother of the Gods received by the Roman
Commonwealth), a tempera in chiaroscuro, painted only a few
months before the master's death ; in the Brera, Milan, tho
Dead Christ, with the two Maries weepirg, a remarkable tour dt
force in the way of foreshortening, whicn, though it has a stunted
appeai'ance, is in correct technical perspective as seen from all

points of view. With all its exceptional merit, this is an emi-
nently ugly picture. It remained in Mantegna's studio unsold at
his death, and was disposed of to liquidate debts. (W. M. K.)

MANTELL, Gideon Algep.non (1790-1852), bom in

170O at Lewes, Sussex, rose to eminence as a popular
exponent of geology, and contributed many original papers
to the literature of the science. Educated for the medical
profession, he first practised in his native town, afterwards

in Brighton, and finally at Clapham, near London. Whilo
devoting himself with industry and success to the duties

of a medical man, he yet found time to prosecute researches

in the palaeontology of the Secondary rocks, particularly ia

Sussex—a region which he has made for ever classical ii^

the history of discovery. While he was still a coontry
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ifloctor at Lewes his eminence as a geological investigator

was fully recognized on the publication of his work on Thi^.

Fossils of the South Downs, 1822. His most remarkable

discoveries were made in the Wealden formations, whence

he brought to light and described the remarkable

Dinosaurian reptiles known as Iguanodon, Uylxosaurus,

relorosaitrns, and Regnosaiirus. The memoirs in which he

sketched the structure of these strange creatures, and

pointed out the probable conditions in which they lived,

wore recognized by the Geological Society as deserving of

its highest honour—the WoUaston medal. The Royal

Society also awarded him a Royal medal. Besides these

and other contributions to the literature of palaeontology

and geology, he published from time to time various

popular works which had a large silo and did much to

spread a knowledge of and interest in the science. * Towards

the end of his life Dr MantcU retired to London. Though
for many years suffering from a severe spinal disease, the

result of an accident, he continued with unabated

enthusiasm the prosecution of his favourite scientific

pursuits, sparing neither pains nor expense towards the

attainment of his objects, and kindling in others a spirit of

eager desire to further the cause of science. He wrote with

great clearness and attractiveness, so that his general works

were deservedly popular. As a lecturer also he was almost

unrivalled for fluency and eloquence. His name appeared

on the list of membership of many learned societies both

nt homo and abroad. He died in 1852

MANTINEIA was one of the most famous cities of

Arcadia. It was situated in the long narrow valley,

running north and south, which is now called after the

chief town Tripolitza. Tegea was in the same valley,

about 10 miles south of Mantineia, and the two cities

continually disputed the supremacy of the valley. In

every great war we find them ranged on opposite sides,

except when superior force constrained both. In the

Peloponnesus the disputes betwee'ti Argos and Sparta

listed for centuries ; and Mantineia was always an ally of

the former. In the war between Sparta and Athens,

Mantineia was at first forced to be an ally of Sparta, but

in 421 it joined Argos in making an alliance with Athens.

The city is said by Strabo to have been founded under

Argive instigation, by the union of several villages of the

valley ; there can be no doubt that this was done in order

to maintain a party in the valley hostile to Tegea and

Sparta. It is impossible here to trace the varying history

of the town. It was one of the chief members of the

Arcadian league that helped Epaminondas to break the

power of Sparta. It was one of the original members of

the AchcBan league, but deserted it for the ^Etolian. The
AchtEans and Antigonus Lioson captured the city in 222
B.O., and changed its name to Antigoneia, but the emperor
Hadrian restored the ancient name. The worship and
mysteries of Cora at Mantineia were famous. The valley

in which the city lies has no opening to the coast, and the

water finds its way, often only with much care and artificial

aid, through underground passages {catabothra) to the sea.

It is bounded on the west by Mount Maenalus, on the oast

by Mount Artemision. The river Ophis Howed through
the city. The position of the town in the centre of this

valley route made it of great military importance, and five

important battles were fought beside it: in 418 n.c.

Sj)arta defeated the alliance above mentioned; in 362
Epaminondas defeated the Spartans and lost his own life

;

' Of tlioso tb« fiillowlnginay be enumerated— 7/18 Wonders of
Otology, 2 vols. ; The lledah of Creation, 2 vols. ; Thoughls on a
Pebble, or Firat Leamna in Geology, A Geological £xc^trsion rutnul

the f»le of Wight; I'iclorial Atlas of J'nusil jiemains; Tlutughls on
Anbtudculcs, or a Olimpst: nt (h( /iimj^iUc World as revealed b:j the

Vktvicope: Pelri/MUons and their Tcachinys,

in 295 Demetrius Poliorcetes defeated the Spanans; in

242 Aratus defeated the Spartans ; in 207 Philopcemen

defeated the Spartans. In the beginning of the 4th

century B.C. Mantineia had 3000 citizens capable of bear-

ing arms.

MANTIS. Probably no other insect has been the sub-

ject of so many and widespread legends and superstitions

as the common " praying mantis," Mantis religiosa, L.
(see Insects, Ortlwptera, fam. Mantids:, vol. xiii. p. 152).

The ancient Greeks endowed it with supernatural powers

(/tavTis, " a diviner ") ; the Turks and Arabs hold that it

prays constantly with its face turned towards Mecca; the

Provengals call it Prega-Diou (Prie-Diat) ; and numerous
more or less similar names—preacher, saint, nun, mendi-

cant, soothsayer, etc.,—are widely diffused throughout

southern Europe. Children ask it to show them the way,

and Mouffet assures ns that it rarely or never deceives

them; and it is even recorded that one specimen, whijh

alighted on the hand of St Francis Xavier, and which he

commanded to sing the praise of God, loudly intoned a

very beautiful canticle. In Nubia it is held in great

esteem, and the Hottentots, if not indeed worshipping the

local species (M.fausla), as one traveller has alleged, at

least appear to regard its alighting upon any person both

as a token of saintliness and an omen of good fortune.

Praying Mantis {lllanlis religiosa).

Yet tnese are " not the saints, but the tigers, of the

insect world." The front pair of limbs are very peculiarly

modified,—the coxa being greatly elongated, while the

strong third joint or femur bears on its curved underside

a channel armed on each edge by strong 'movable spines.

Into this groove the stout tibia is capable of closing like

the blade of a penknife, its sharp, serrated edge being

adapted to cut and hold. The arrangement is essentially

similar to the sub-chela of Squilla and Amphipods among
Crustacea (q.v.), as well as to the chelicerse of spiders

(see Arachnida). Thus armed, with head raised ujios

the much-elongated and semi-erect prothoras, and with the

half-opened fore limbs held outwards in the characteristic

devotional attitude, it rests motionless upon the four

posterior limbs vi-aiting for prey, or ocoasioiially stalks it

with slow and silent movements, finally seizing it with its

knife-blades and devouring it. Although apparently not

daring to attack ants, these insects destroy giea* nurabera

of flies, grasshoppers, and caterpillars, and the large?

South-American species even attack small frogs, lizards,

and birds. They arc very pugnacious, fencing with their

eword-like hmbs " like hussars with sabres," the larger fre-

quentJy devouring the smaller, and the females the males.

The Chinese keep them in bamboo cages, and match them

like fighting cocks.

Tho elytra of the common mantis have been compared to

a withering willow leaf, a circumstance which not improb-

ably aids in concealing them from their prey. Some
of the tropical forms exhibit as perfect mimicry of the

leaves as tho leaf insects proper { Phustnidx). Bates found

a mantis on the Amazon which exactly rescml led tho
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white aut3 it preyed upon, while Wallace mentious a

Javanese species which mimics a pink orchid flower, and
" is said to feed largely on butterflies,—so that it Is really

B living trap, and forms its own bait
!

"

The common species fixes its somewnat nut-like egg

capsules on the stems of plants in September. The young
Hre hatchod in early summer, and resemble the adults, but

ore without wings.

See Wcstwood's Tnlrod. Mod. Class, of Insects, 1840, and forth-

CoiniDg monograph of the family.

MANTUA (Italian, Mantova), a fortified city of Italy,

the chief town of a province, the see of a bishop, and the

centre of a military district, lies 95 miles east-south-east of

Milan, and 25 miles by rail south of Verona on the way to

Modena, occupying, at the height of -88 feet above the level

of the Adriatic, an almost insular site in the midst of the

swampy lagoons of the Mincio, with their vast reaches of

reeds and bulrushes. As the belt of marshy ground along

the south side can be laid under water at pleasure, the site

of the city proper, exclusive of the considerable submbs of

Borgo di Fortezza to the north and Borgo di San Giorgio

to the east, may still be said to consist,' as it formerly did

more distinctly, of two islands separated by a narrow
channel and united by a number of bridges. On the west

side lies Lago Suptriore, on the east side Lago Inferiore

—the boundary between the two being marked by the

Argine del Mulino, a long covered wooden bridge stretch-

ing northward from the north-west angle of the city. As
approached from the north by the old road, Mantua pre-

eents a beautiful prospect with its " towers and walls and
waters." On the highest ground in the city rises the

cathedral, built after his death according to the plans of

Giulio Romano on the site of the ancient church of Sis

Peter and Paul; it has double aisles, a dome-covered

transept, and a large tovyer,' popularly assigned to the

Roman governor Arius. Architecturally much more im-

portant is the church of St Andrew, built towards the

close of the 15th century, after plans by Leon Battista

Alberti, and consisting of a single barrel-vaulted nave 350
feet long by 62 feet wide. It has a noble facade, with a

deeply recessed portico, and a brick campanile of earlier

date than the main building. The interior is richly

decorated with 18th century frescos. S. Maria delle

Grazie, consecrated in 1399 as an act of thanksgiving for

the cessation of the plague, has a curious collection of ex

voio pictures and the tombs of the Gonzaga family, The
old ducal palace—one of the largest buildings of its

kind in Europe—was commenced in 1302 for Guido
Bonaccolsi, and probably completed in 1328 for Ludovico
Gonzaga ; but many of the accessory apartments are of

much later date, and the interior decorations are for the

most part the work of Giulio Romano and his pupils.

Outside of the city, to the south of Porta Pusterla, stands

the Palazzo del Te, Giulio's architectural masterpiece,

erected for Frederick Gonzaga ; of the numerous fresco-

covered chambers which it contains, perhaps the most cele-

brated is the Sala dei Giganti, where, by a combination of

mechanical with artistic devices, the rout of the Titans still

contending with artillery of uptorn rocks against the pur-

suit and thunderbolts of Jove appears to rush downwards
on the spectator. Among the educational institutions in

Mantua are an academy of arts and scieuces (Accademia

Vergiliana) occupying a fine building erected by Piermarini,

a public library founded in 1780 by Maria Theresa, a

museum of antiquities dating from 1779, a good botanical

garden, and an observatory. The Monte di Pieta, was

established in 1484, the civil hospital in 1449 Oil, beer,

leather, and playing cards are the chief products of the

limited local industry. The population increased from

56,687 ia 1871 to 28,048 iu 1831. Asa fortress Mautua

was long one of the most formidable in Europe, a force of '

thirty to forty thousand men finding accommodation within
its walls ; but it had two serious defects—the marshy
climate told heavily on the health of the garrison, and.

effective sorties were almost impossible.
Mantua was originally an Etruscan town, and had still a strong

Etruscan element in its population during the Roman period. It
was a Roman municipium , but Martial calls it little Mantua, and,
had it not been for Virgil's interest in his native place and in tho
expulsion of a number of the Mnntuana from their lands in favour
of Octavian's soldiers, we should probably have heard almost
nothing of its existence. In 668 the Lombards found Mantua &
walled town of some strength ; recovered from their grasp in 690
by the exarch of Ravenna, it was again captured by Agilulf in 601.
The 9t)i century was the period of episcopal supremacy, and in tba
11 til the city formed part of the vast possessions of Bonifacio, marquis
of Canossa. From liim it passed to Geoffrey, duke of Lorraine, and
afterwards to the Countess Matilda, whose Bupnort of the pope led

to the conquest of Mantua by the emperor Henry IV. in 1090.
Reduced to obedience by Matilda in 1113, the city obtained its

liberty on her death, and instituted a communal government of its

own, salva impcriali justilia. It afterwards joined the Lombard
League ; and tlie unsuccessful attack made by Frederick II. iii 1236
brought it a confirmation of its privileges. But after a period of

internal discord Ludovico Gonzaga attained to power (1328), and
was recognized as imperial vicar (1329); and from that time till

the death of Ferdinando Carbo in 1708 the Gonzagas were masters
of Mantua (see Gonzaga, vol. x. p. 772). Under Gian Francesco II.,

Ludovico, and Federico II., the lirst duke of Mantua, the city rose

rapidly into importance as a seat of industry aud culture. Claimed
in 170Sas a fici of the empire by Joseph I., it was governed for tha
greater part of the century by the Austrian?. In June 1796 it was
besieged by Napoleon ; but in spite of terrific bombardments it

held out till February 1797. A three days' bombardment in 1799
again placed Mantua in the bands of the Austrians ; and, though
restored to the French by the )ieace of Luneville (1801), it became
Austrian once more from 1814 till 1866. In the years between 1849
and 1859 the city was the scene of violent political persecution

Besides Virgil, Mantua counts among its celebrities Sordello

the Pioven9al poet, Castiglioni, Folengo the writer of macaronics,

aud Poraponazzi the philosopher ; and it has a long roll of local

historians—Donesmondi (ecclesiastical affairs), Possevino, Daino,
Amedei, Visi, Tonelli, and Count Carlo d'Arco.

Gact. Susani, Kuovopi'oipetto defU picture, ttc, di Man'ova, Mantua. 1830; Caric
d'Arco, Dctie arti e degti aitejici di Manlota, Mantua, 1657, and Storia di
Maiilot-a, Mantua, 1874.

MANUCODE, from the French, an abbreviation of

Mamicodiata, and the Latinized form of the Malay Mauuk-
detmta, meaning, says Crawfurd {Malay and Engl.

Dictionary, p. 97), the " bird of the gods," and a nama
applied for more than two hundred years apparently to

Birds-of-paradise in general. In tho original sense of its

inventor, Montbeillard (Hist. Nat. Oiseani, iii. p. 163),
Manucode was restricted to the King Bird-of-paradise and
three allied species ; but in English it has curiously been •

transferred! to a small group of species whose relationship

to the Paradiseidee has been frequently doubted, and must
be considered uncertain. These Manucodes have a glossy

steel-blue plumage of much beauty, but are easily

distinguished from other birds of similar coloration by tha

outer and middle toes being united for some distance, and
they are very remarkable for the extraordinary -convolution

of the trachea, in the males at least, with which singular

structure is correlated the loud and clear voice of the

birUs. The convoluted portion of the trachea lies on the

breast, between the skin and the muscles, much as is found

in the females of the genus Rkynchsca, in the males of the

Curassows (Cracidee), and in a few other birds, but wholly

unknown elsewhere among the Passeres. The Manucodes
are peculiar to the Papuan Sub-region (including therein

' ManucodUla was used by Brisson {Oniithologie, ii. p. 130) as a
generic term equivalent to the Linnsean Paradisea. In 1783 Boddaert,

when assigning scientific names to the birds figured by Danbenton,

called the subject of one of them {Pt. enhim. 634) Manucodia.

chalyhea, the first word being apparently an accidental curtailment of

the name of Brisson's genus to which he referred it. Nevertheless

some writers have taken it as evidence of an intention to found a new
genus by that name, and hence the importation of Manucodia into

scientific nomenclature, and the English form to correspond.
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tlie peninsula of Cape York), and comprehend, according to

Mr Sharpe (Cat. B. Brit. Museum, in. p. 164), two genera,

for the first of which, distinguished by the elongated tufts

on the head, he adopts Lesson's name Phonygama, and

for the second, having no tufts, but the feathers of the head

crisped, that of Manwodia ; and Mr \V. A. Forbes {Proc.

Zool. Society, 1882, p. 349) observes that the validity of

the separation (which has not yet been generally acknow-

ledged) is confirmed by what is now known of their tracheal

formation. Of Phonygama Mr Sharpe recognizes three

Bpecies,P. keraudreni (the type) and P. Jamesi, both from

New Guinea, and P. gouhli, the Australian representative

species ; but the first two are considered by Mr Elliot {Ihis,

1878, p. 56) and Count Salvadori (Ornitol. delta Papuasia,

iL p. 510) to be inseparable. There is a greater unanimity

in regard to the species of the so-called genus Manucodia

proper, of which four are admitted— M. chalybeata or

<:1ialybea from north-western New Guinea, M. comriei from

the south-eastern part of the same country, M. atra of wide

distribution within the Papuan area, and M. johiensis

peculiar to the island which gives it a name. Little is

known of the habits of these birds, except that they are as

already mentioned remarkable for their vocal powers, which,

in P. keraudreni, Lesson describes (Voy. de la Coquille,

Zoologie, L p. 638) as enabling them to pass through every

note of the gamut. Mr Wallace (Ann. Nat. Uistory,

ser. 2, XX. p. 476) remarked that M. atra was very power-

ful and active, clinging suspended to the smaller branches

©f trees, on the fruits of which alone it appears to feed.

M. gouldi, according to an informant quoted by Mr Forbes

(ut supra), frequents in pairs the dense palm-forests, perch-

ing high up, uttering a very deep and loud guttural note

;

it is graceful in its movements, evincing more curiosity

than timidity on being approached. As with members of

the Paradiseidx generally, the nidification of the Manucodes
is still shrouded in mystery. (a. n.)

MANUEL L, CoMNENUs, emperor of Constantinople

from 1143 to 1184, was the fourth son of John IL (Calo-

Joanues), aud was born about the year 1120. He suc-

ceeded to the imperial crown on April 8, 1143, having for

lis martial qualities been nominated by John to the

inheritance in preference to his elder surviving brother.

Daring his reign of thirty-seven years he was involved in

almost perpetual war, in which he displayed much more
of the courage of a soldier than of the prudence and skill

of a commander. In 1144 the imperial general Deiaetrius

Branas brought back Raymond, the Lstiu prince of Antioch,

to his allegiance, and in 1145 Manuel in person drove out

the Turks who had invaded leauna, end coinpeliud thesi to

accept peace on his own terms. In 1147 he granted a

passage through his dominions to the crusaders ucder Lou'.s

VII. of France and Conrad IIL of Germany, but secretly-

harassed them by every means in his power, end sent

word to the Turks of their approach. In the following

year he became involved, along with the Venetians, in s
•war with Roger of Sicily, who had taken Corfu and invaded
Greece ; an episode of the campaign towards its beginning
was his repulse beyond the Danube of the Patzenegues, of

whom ho took hostages for their future good behaviour.

Disembarking his host at Corfn before the end of the year,

he invested the fortress in co-operation with the Venetian
army ; the inhabitants, after a long siege, in which ho
displayed prodigies of personal strength and valour,

surrendered in 1149. Manuel was now prevented from
invading Sicily by a diversion made by the Servians and
Hungarians on the Danube, who were not completely
vanquished until 1 152. In that year Manuel was repulsed
by the Turks in Cilicia, but in the west his troops obtained
possession of Bari, Bnindisium, and other places of

importance in Apulia and Calabria. The coarse uf Italian
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pontics, hoWever, deprived him of ths means on which he
had reckoned for enabling him to reunite southern Italy

with the Byzantine empire, and after the defeat of his fleet

at Negropont he concluded a peace with William, Roger's

successor, in 1155. The nest important war of Manuel's

reign was waged against the Hungarians from 1163 to

1168 ; it came to an end in the latter year with the hard-

won victory of the Byzantine arms at Zeugminum (Semlin).

Less successful was the expedition under Andronicus

Contostephanus against Egypt in 1169, when the combined

forces of Manuel and King Amalric were compelled to

withdraw from before Damietta. From 1171 to 117^

Manuel had a war with the Venetians ; and in 1176 he let

in person an expedition against Kilidj Arslan, the sultan

of Iconium when he sustained a disastrous defeat at

Myriocephalus, and was compelled to sign a dishonourable

peace. This disgrace, although partially retrieved by a

somewhat more successful expedition in 1177, so preyed

upon the spirit of Manuel that he ultimately succumbed to

a slow fever on September 24, 1180. He was first married

to Bertha (Irene), a relative of Conrad IIL of Germany,

and afterwards to Maria (Xene), daughter of Raymond of

Antioch ; Alexis IL, his son by the latter, succeeded him.

MANUEL IL, PALiOLOGns, emperor of Constantinople,

was born in 1348, and succeeded his father, John VI. (with

whom he had been associated since 1375), in 1391. At

the time he was a hostage at the court of Bajazet at Nicoea,

but succeeded in making his escape ; he was forthwith

besieged in Constantinople by the sultan, whose victory

over the Christians at Nicopolis, however (September 2,8,

1395), did not secure for him the capital. Manuel

subsequently set out in person to seek help from the West,

and for this purpose visited Italy, France, and Germany,

but without material success ; the victory of Timur in

1402, and the death of Bajazet in the following year, were

the first events to give him a genuine respite from Ottoman

oppression. He stood on friendly terms with Mahomet L,

but was again besieged in his capital by Amurath II. in

1422. He died in 1425, and was succeeded by his son,

John VIL
MANUEL I., emperor of Trebizond, surnamed the

Great Captain (6 a-rpaTrjyiKutTaTOi), was the second son of

Alexius I., first emperor of Trebizond, and ruled from 1238

to 1263. Whatever may have been his military skill, or

his personal character for bravery, he was unable to deliver

his empire from vassalage first to the Seljuks and after-

wards to the Mongols. He was the founder of the church

and monastery of St Sofhia at Trebizond. His predecessor

was John I., Aiucbus. and his eldest son, Andronicus 11.,

succeeded him.
Manuel II., fhtf desocnannt of Manuel I., reigned only a few

months in 1322-33. Manuel III. reigned from 1390 to 1417, but

tho only interest attaching to his name arises from his connexion

with Timur, whose va.ssr.1 ho was.

8«e Finlay, Mediaeval Greece and Trebizond, 1851.

MANURK The term " manure," though formerly ap-

piiod only to the excrements of animals, either alone or

mixed with straw, is now more widely used, and is given to

all substances, or mi.itures of substances, which are added

to the soil in order to increase its productiveness or to

restore the natural fertility lost by repeated cropping.

The subject of manures and their application involves

a prior consideration of plant life and its requirements.

The plant, growing as it does in the soil, and surrounded

by the atmosphere, derives from these two sources its

nourishment and means of growth through the various

stages of its development. From these sources, each

equally indispensable, the plant obtains the materials which

it has the power of elaboratintr and building up to form its

own structure.

Chemical analysis has shown that plants are comoosed
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of water, organic or combustible matters, and inorganic,

incombustible, or mineral matters. These la$t are left; as

the ash when the plant is burnt. The elements forming

the organic portion of plants are carbon, hydrogen, oxygen,

ftnd nitrogen ; the mineral portion, or ash, consists prin-

cipally of lime, magnesia, potash, soda, oxide of iron,

phosphoric acid, sulphuric acid, chlorine, and silica.

The atmosphere is the great storehouse of organic plant-

food. The carbonic acid always present in the air is, as

is well known, eagerly taken up by the leaves of plants, all

of which have the power of decomposing carbonic acid,

giving off its oxygen, and assimilating its carbon. Roughly

speaking, three-fourths of the dry substance of all plants is

derived from the atmosphere.

Under conditions of natural growth and decay, when no

crops are gathered in, or consumed on the land by live stock,

the herbage on dying down and decaying returns to the

atmosphere and the soil the elements taken from them

during life; but under cultivation a succession of crops

deprives the land of the constituents which are essential

to healthy and luxuriant growth. Without an adequate

return to the land of the matters remov*d in the produce,

its fertility cannot be maintained for many years. In

newly-opened countries, where old forests have been cleared

and the land brought into cultivation, the virgin soil often

possesses at first a high degree of fertility, but gradually

its productive power decreases from year to year. Gene-

lally speaking, it is more convenient to clear fresh forest

land than to improve more or less exhausted virgin land

by the application of manure, labour, and skill. In all

densely peopled countries where such a mode of cultiva-

tion cannot be followed it is necessary to resort to arti-

ficial means to restore the natural fertility of the land and
maintain and increase its productivenes.^

The researches of Liebig, Wiegmann, Polstorff, and
others have proved beyond doubt the important functions

of the mineral constituents of the soil in relation to plant

life. The gradual removal of phosphate of lime in the

tillage of dairy districts, or the removal of other mineral

matters essential to the healthy .growth of farm crops,

certainly impoverishes the land. The exhaustion of the

soil is caused in a much more marked way, however, by
the rapid logs in available nitrogenous plant food which
eoils sustain when under cultivation without manure.

Agricultural improvements manifest themselves in two
different ditections—the mechanical and the chemical.

Under mechanical improvement the physical condition of

the son is bettered and its latent stores of plant food brought

into action by meclianical means, such as ploughing, snb-

soiling, steam cultivation, &c. The introduction of new
and superior agricultural implements, good systems of

drainage, and intelligent division of labour characterize

the first stage of progress in agriculture. The second
stage is marked by the application of chemical principles

to practical agriculture, an application shown by the intro-

duction of a rational system of feeding, a proper rotation

of crops, and chieHy the use of chemical, or artificial,

manures for the purpose of restoring the natural fertility

of the soil and increasing its productive powers.

The aid which chemistry has rendered during the last

twenty-five or thirty years to practical agriculture has
greatly promoted agricultural improvements ; and farming,
which is in a large measure dependent for success upon an
economical use of manures, is now being carried on much
more rationally than in former times. The proper appli-
cation of various kinds of manures is one of the most
prominent features of successful modern farming.

In considering the economical use of manures on the
land, regard must be had to the following points :—(1) the
lequiroments of the crops intended to be cultivated ; ^S)

the physical condition of the soil
; (3) the compoeilion of

the soil ; and (4) the composition of the manure. Briefly

slated, the guiding principle of manuring economically and
profitably is to meet the requirements of the crops intended

to be cultivated, by incorporating with tho soil, in the most

efficacious states of combination, tho materials in which

it is deficient, or which the vavinus crops usually grown
on the farm do not find iu the land in a sufficiently avail-

able condition to ensure an abundant harvest.

Soils vary greatly in composition, and hence it will be

readily understood that in one locality or on one particular

field a certain manure may be used with great benefit,

while in another field the same manure has little or no

effect upon tho produce. Although increased attention has

of recent years been paid to the chemical composition and

properties of soils, there is still much room left for improve-

ment, for many farmers disregard almost altogether the

composition of their fields in buying artificial manures.

It has been pointed out by Sir John Lawes that in

actual English farm-practice there is, speaking practically,

a standard of natural produce which varies within certain

limits, as influenced by seasons and management, and

which cannot be permanently increased or reduced by
cultivation ; and further, when land is spoken of as being

in " good condition," reference is made only to the tem-

porary rise of fertility by means of the manures employed,

while by land "out of condition " is signified the exhaus-

tion of the manures by tho removal of crops, loss by drain-

age, &c., and that the soil has merely gone back to its

standard of natural productiveness. Some soils, indeed,

contain in their natural condition hardly a sufficient pro-

portion of availablo blemcnts of plant food to yield

remunerative crops ; such soils are naturally barren, and,

although by the constant use of manures they may be

improved and may attain some degree of fertility, they will,

if left unmanured, speedily revert to their former natural

improductive statei

The principal constituents of manures are—nitrogen,

in the form of ammonia, nitrates, and nitrogenous organic

matters; organic matters not containing nitrogen (humus);

phosphoric acid, potash, soda, lime, magnesia, silica,

sulphuric acid, and chlorine. Of these conslituonts by far

the most important are the nitrogen, phosphoric acid, and
potash, and these will be considered more in detail

1. JVifi-o(fen.~-'Nothlng so. much affects the productive-'

ness of soils as nitrogen, when it is supplied to plants in a

form in which it can be assimilated by them, and nothing

is more readily removed from the laud, either in the crop

grown or, in the form of nitrates, by drainage, The •' good
condition " of land, to which allusion has been made already,

is, in a great measure, the fertility which has been imparled

ta the soil by the nitrogen supplied to it, while the " natural

productiveness " may be taken as that due to the phos-

phoric acid, potash, and other mineral copstituents of the

soil.

Supply of Nitrogenous Plant Food.—In the case of a crop

growing under natural conditions, and not removed from

tho land, the mineral constituents taken from the soil,

and carbonaceous as well as some nitrogenous organic

matter, principally derived from the atmosphere, are

returned to the land, and a rich carbonaceous soil or

humus is produced in the course of years. Such a soil is

capable of supplying for a considerable number of years,

when under cultivation, the nitrogen needed by the crops

grown on the land. This supply of nitrogen, however,

gradually becomes exhausted by repeated cropping. The
atmosphere, in addition to free nitrogen gas, which consti-

tutes about four-fifths of its volume, contams but very little

combined nitrogen in the forms of ammonia or nitric acidi

M. Boussingault's experiments clearly show that pliiots
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do not possess the power of taking up by their leaves and
of assimilating the free nitrogen of the air. This conclusion

has been verified by the extensive researches of Messrs
Lawes, Gilbert, and Pugh. The nitrogen contained as

nitric acid and ammonia in the air, and descending upon
the land in the shape of rain, dew, or snow, though,
without doubt, adding to the supply of nitrogen in the soil,

is altogether insufficient to meet the requirements of re-

munerative crops. The experiments of Messrs Lawes and
Gilbert and ProfessorWay show that the average proportion

of nitrogen deposited annually upon one acre of land at

Rothamsted, St Albans, amounts to 7-21 lb, of which quan-
tity 6 '46 E) occur as ammonia and -75 lb as nitric acid.

The further investigations of Dr Voelcker, Professor
Frankland, and Messrs Lawes and Gilbert upon the
drainage water from cultivated soils show that a consider-
able quantity of nitrogen in the shape of nitric acid passes
into land drainage, and that this loss of nitrogen is much
greater than the total amount supplied to the land by the
rain and djw. The results which Messrs Lawes and
Gilbert obtained in their experiments on the continuous
growth of barley at Eothamsted from 1852 to 187-5 afford,

as ia shown in the following table (L), direct evidence of
the insufficiency of the atmospheric supply of nitrogen, and
of that present in the soil in the form of nitrogenous
organic matter.

Table I.—J/mscs Laioea and Oilbtrfs Experiments on the Growth of IVheal and Barky, year after year on the same Land,
without Manure, and with different iinds of Manure.

ilanures per Acre per Annum.

Produce per Acre (Average per Annaiii).

Dressed Coni.

Quantity. Weight per Busiiel.
Tolal Straw.

12 Years 12 Years
"852-63. 1S64-75

M'heal.i

1. I'limenured atmtlmKnuly ^
2. Mineral manures alone (200 lb sulpliate of potash, 100 lb sulphate of soda,

100 lb sulphate of magnesia, and 3i cwts. of supeiphosphato made from'
200 lb bone ash, 150 lb sulpliuric acid of 1*7 speciflc gravity, and water) ...j

3. Ammonia salts alono for 1845, and each year since; mineral manure in 1844
(equal paits of aulplinte and muriate of ammonia of commerce) 1

4. Ammonia salts and miiienils. (The same minerals as in No. 2, and 600 lb'

ammonia salts.) i

5. Farmyard manme (14 tons every year) « «, „..«...

bush,

15»

} m

Dai'Uu.^

, Unmanured continuously.
Mineral manure alone (:.'00 lb sulphate of potdsti, 100 lb sulphate of Bodn,
100 tb sulphate of maRnesia, and aj cwts. of superphosphates) ')

. Supeipliosphate altrne (3^ cwt3.)
]

,
Ammonia salts nlonc (200 It')

, Nitrate of soda (275 tt>). I

,
Ammonia salts and minerals, (llic baoie minerals as ia Ko. 2, and 200 ttx )

ammonia salts.)

, Nitrate of soda and minerals.
- nUiatc ofaoda.)

, Fannyard manuie (H tons «veiy year)

(The same uilneials as ia No. 2, and 27S lb

215

30S

27!

34i
39s

47i

508

405

24 Years 12 Years,12 Years 24 Years 12 Years 12 Years 24 Years
1852-75.' 1862-63.1 1864-75. 1802-75.

! 1852-63. 1864-75.1 1852-75.

bush.

123

13}

21J

S7

35

161

21i

SO}
20

33i

44

463

50i

bush.

"
i

215 i

aril

35i i

ISj

25J

2+i
31J
36

45i

48i

48}

56}

67{

i-r

615

52}

51

62J

61}

63}

tb

69

60}

CO}

60i

53}

54}

64S
63}
633

653

65}

55)

n.

67i

68 J

66J

6D

60

521

• 63}

63}

m\

64}

63j

64}

cuts.

in

165

33}

«S
343

12}

15!

14}

19S
235

293

.S4S

27}

cwts.

9J

"3

18}

40}

lOJ

10}

26}

23

295

cwl...

123

"1

20}

41}

11

133

123
175
21}

27}

31}

28}

The Rothamsted soil is a moderately stiff one, of con-

siderable depth, and contains naturally the mineral elements

of plant food in abundance ; thus it has been possible to

grow corn crops for over twenty-five years without any
manure (Plots 1). The crops in the second period of twelve

years were, however, less than those of the first period, and
in neither case were full crops obtained. While the

application of mineral manures alone (Plots 2) produced
only a slight increase in the case of the wheat, and rather

better, though poor, results with barley, nitrogenous

manures, applied to the land either in the shape of

ammonia salts or nitrate of soda, produced a strikingly

large increase. The experiments further show that while

good crops, both of wheat and barley, can bo grown by
the annual applicatisn of 14 tons of farmyard manure
per acre, the best results are (jbtained by the use of a mix-

ture of mineral and nitrogenous manures.

In Messrs Lawes and Gilbert's experiments the amount of

nitrogen romoved in different crops was determined with the

following results :—over a period of thirty-two years (to

1875), wheat yielded an averageof 20'7 ftof nitrogen per acre

' Previous cropping :—1839, turnip.i with farmy.ird manure ; 1840,
barley; 1811, pense ; 1842, wheat; 18!S, oats; the last four crops
unmanured. First experimental wheat crop in 1814. Wheat every
year sinca ; and, with some exceptions, nearly the same description of
manure on the same plots eacli year—especially during the last

twenty-six years (1852 and since). Unleas otherwise stated, the
manures are sown in the sutnma bvfurs the seed. Area nuder ex-
periment about 13 acres.

' Vrevions cropping :—1817, Swedish turnips with dung and super-
phosphate of lime, the roots carted off; 1848, barley ; 1849, clover

;

1850, wheat; 1851, barley manured with ammonia salts. First ex-
perimental crop in 1353. Barley every year since.

per annum without any manure, but the annual yield has
decreased from an average of over 25 lb in the first eight

to less than 16 tt in the last twelve years, and since 1875
it has been still less ; over a period of twenty-four years,

barley, when unmanured, yielded an average of 18-3 B)

nitrogen per acre per annum, but with a decline from 22 tti

in the first twelve to 14 '6 in the last twelve years.

Experiments similar to those on wheat and barley havo
been made on oats, root crops, leguminous and grass

crops, all sbowing the gradual decline in produce when
grown*continuously without nitrogenous manures, and prov-

ing that the soil and not the atmosphere is the chief

source of nitrogen in plants. In facs of these resnlts

the "mineral theory" of Liebig,which attached but small

value to nitrogen applied to the soil in the form of nitro-

genous manures, and maintained the sufficiency of the

ammonia of the atmosphere for supplying the needs of the

plant, cannot be accepted without reserve.

Notwithstanding the great cfl'ect produced by tho

nitrogenous mannres, two-thirds of the nitrogen supplied

was unrecovercd in the increase of crops when the ammonia
salts were supplied to wheat in autumn. When, however,

nitrate of soda was used, which is always applied in the

spring, the quantity left unrecovered was Cot much more
than half that supplied.

The following table (11.), by Messrs Lawes aud Gilbert,

shows the amount of nitrogen recovered, and the amount not

recovered, in the increase of the crop for 100 supplied in

manure, to wheat and to barley respectively, the result

being iji each case the average over a period of twenty

years :

—
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Table 11.

MsnonDjT qaantltlcs per Acre
per Anniun.

Complex mineral tnanuie and 41 lb of

nitrogen as ammonia
Complex mineral manuio and 53-3 It) of

nitrogen as ammonia
Complex mineral manure aiid 8*2 tb of
niU'OKcn as ammonia.

Complex mineral manure and 123 lb of

nili'ogen as ammonia
Complex mineral manure and 161 tb of

|

nitrogen as ammonia
Complex mineral manure and 82 lb of

nitrogen ns nitrate

Complex mineral and rape cako <6I*(5 !b

of nitrogen)
Farmyard manure (about 2U0 lb of

nitiogen) «

20 Years
1852-71.

covered
in In-

crease.

32'9

31-5

28-5

45-3

covered
In In-

crease.

67-1

C3-5

71-5

647

Bailey.

20 Yen It

1852-71.

Re-
covered,

48 1

49-8

363

10-7

Xot re-

covered

fil-9

M-2

63-7

89-3

The question will naturally be raised, What becomes of

the one-half or two-thirds of the nitrogen which is not

recovered in the increase of the crops 1 The examination

of some seventy samples by Dj Yoelcker, and a number
of independent determinations by Dr Frankland, of the

drainage-water, from the experimentalwheat plots which

yielded the above results throw much light on this loss.

The following table (III.) contains a summary of some
of the more important results obtained.

Table III.

—

Xitrogcn as Nitrates and Nitrites, per 100,000 parts of
Drainage Water from Plots differently Manured, in the Experi-

mental Wheat-field at Eothamstedf Wlicat evenj year^ commencing

1844.

Mean of Dr Voelcker's and Dr Frankland'a
Results.

Fannyaid manure
Without manure
Complex mineral manure

Do, and 41 tb nitwgen as ammonia
Do. and 82 tb nitrogen as ammonia
Do, and 123 lb nitrogen as ammonia
Do. and 82 tb nitrogen as nitrate ...

Expeli-
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largely iuto the composition of recent and lossil bones,

coprolites, and guano, and of a variety of phosphatic

minerala, such as Norwegian and Canadian apatite,

Sombrero and Cura^oa rock phosphate, South Carolina

phosphate, Spanish and Portuguese phosphorite, itc. These
and other phosphatic materials are now used largely in

the manufacture of superphosphate and other artificial

manures.

Phosphate of lime is so sparingly soluble in pure water

that, for all practical purposes, it may be considered to be
insoluble in water; it is, however, attacked by the natural

agencies at work in the soil, and rendered available as

plant food. According to the more or less porous condition

of the phosphatic manuring materials, phosphate of lime

isjeudered more or less readily assimilable. Thus, while

bone dust and guano, on account of their porous condi-

tion, may be used with good effect as suppliers of

phosphoric acid to the soil, others, such as hard and
crystalline Canadian or Norwegian apatite, produce but

little or no result when used as manures merely in a

powdered state. It was in 1840 that Liebig suggested

the treatment of bones with sulphuric acid in order to

make their action more rapid. This treatment of bones

by acid converts the phosphate of lime into a soluble lime

salt called superphosphate, or, speaking chemically, trans-

forms the original tribasic phosphate of lime into the mono-
calcic phosphate, sulphate of lime, being at the same time

produced. Following on this, Mr (now Sir) John Lawes
treatea mineral phosphjites similarly with sulphuric acid,

and with results which led to the establishment of a new
industry, the manufacture of superphosphate and other

artificial manures. The yearly importation of phosphatic

minerals, itc, into England for this manufacture alone

exceeds 500,000 tons.

The acid or soluble phosphate of lime in superphosphate,

when applied to the soil, is first dissolved by the rain, and
equally distributed in a portion of the soil, in which it

must be precipitated and rendered insoluble before it can

be assimilated by the plant. It is this intimate distribu-

tion and subsequent precipitation in a most finely divided

state that would .seem to constitute the beneficial effects

of superphosphate, and its suixjriority over undissolved

phosphates. It supplies at once phosphoric acid, limo,

and sulphuric acid to the soil, and is much used in con-

junction with nitrogenous materials. Superphosp^late3

are manufactured of various strengths, the percentage of

tribasic phosphate of lime, rendered soluble by acid, being

taken as the basis of valuation.

3. FotasL—The next to rank after phosphoric acid as

a valuable constituent of manures is potash. It enters

largely into the composition of all crops, especially root

crops. Sandy soils, as a rule, are poor in potash, for which

reason they are benefited to a greater extent by the

application of potash salts than most clay soils, which con-

tain sufficient potash to meet the requirements of farm

crops. In clay soils" potash mainly occurs in the form of

insoluble silicate of potash together with other silicates.

By autumn cultivation, subsoiling, and similar means of

facilitating the free access of the air to clay-land potash is

gradually liberated from the insoluble silicates and is

rendered available as plant food. Lime also seems to be

an important agent in the liberation of potasL Potash

also occurs in farmyard manure, urine, all excrements, in

oil cakes, and largely in wood ashes.

.ifost potash salts are very soluble in water ; this explains

their greater abundance in the liquid than the solid excre-

ments of animals. On this account it is a matter of

importance, in making farmyard manure, to preserve the

urine, and not lose the benefit of the pota.sh salts it con-

tains. On most roils in a good agricultural condition

the addition of potash manures produces little or no effect,

but on poor sandy soils or worn-out pasture land the ubo
of potash salts, in conjunction with superphosphate, dis-

solved bones, and guano, is followed by most beneficial

results. Potash salts as an addition to manures for

potatoes have been found advantageous, while their effect

on pasture seems to be to improve ^he quality of th*
herbage rather than to increase the yield of grass per acre.

i. Soda.—Most soils contain in abundance all the soda that farm
crops require. With the exception of chloride of sodium (common
salt), which occasioually is applied with more or less benefit to light
sandy soils, and of nitrate of soda, which is employed as a nitro-

genous manure, soda salts are not used for manuring purposes.

5. Lime.—Lime is essential for the production of healthy crops.

Experience has shown that, when a soil is deficient in lime, farm-
yard manure, Peruvian guano, and other manures, though used in

abundance, produce comparatircly but little effect. Again, on
poor sandy soils, lime, marl, or chalk not unfrequently produces
better crops than farmyard or expensive artificial manures. Lime
not only supplies an essential constituent of plants, but also

prevents the loss by drainage of fertilizing matters such as pota.sh,

.ammonia, and phosphoric acid. One of the functions of lime in

the soil is to combine with the acids of the potash and ammoniacnl
salts of guano and of farmyard and other manures, and to liberata

potash and ammonia, which are retained in the land, while the
inexpensive lime salts pass into the land drainage.

Lime is used in agriculture in the form of quicklime, chalk
(carbonate of lime), gypsum (sulphate of lime), marl, and shell-

sand. Fof liming purposes gas-lime also is frequently employed,
and, if well exposed to the air before being put on the land, may
be used with safety and advantage.

6. Magnesia,—Magnesia is of but slight importance in manures ;

it occurs with potash in kainite and other potash salts, and the

sulphate is sometimes used in making up artificial manures, but
apparently without benefit.

7. Silica.—Silica is a constituent of the ashes of all plants, and
occurs specially in large proportion in the straw of cereal crops.

All soils contain such an abundance of silica that no necessity

exists of supplying it artificially.

8. Chlorine, Sulphuric Acid, and Oxide qf /nm.—These ash
constituents are of little practical importance, inasmuch as most
soils contain a sufficiency of them to meet the requirements of the

crops usually cultivated on the farm. It may be observed, how-
ever, that chlorine has been found to be essential to plant life, and
that iron is necessary for imparting to plants their grean colour.

9. Organic Matter or Humiis.—The importance of organic matter

in manures was formerly much exaggerated. It Jias been con-

clusively proved that the carbon of which the bulk of the dry sub-

stance of all agricultural produce consists is derived from the

carbonic acid of the atmosphere, and not from humUB of the soil

or the -non-nitrogenous organic matters supplied in the manure.

The organic matters present in dung in the shape of more or less

decomposed or rotten straw exert a Mneficial effect by improving

the physical condition of both light and heavy land.

Farmyard Manure.—Farmyard manure is composed of

the urine and solid excrements of animals collected in the

stalls or yards, together with the straw used as litter. Its

Table IV.— TAc Composition of Farmyard Hotted Dung/rom
Horses, Cows, and Figs, in 100 parts.

Water "5«
Soluble* oiganic matter 3*71

Soluble inorganic matter (asll)

—

Soluble silica '254

Phosphate o( lime '^^'

Umc "7
Slagnesia «.......-.» 'O-IT

Poush '*^''

Soda - 'OM
Chloride o( sodium ^f?
Sslphurie acid *58
Caibonic acid and loss 'KK! '""

Insoluble 2 organic matter.

Insoluble inorgatiic matter (nsh)

—

Soluble silica l'<2*

Insoluble silica 1010
Oxides of iron and ftlumilia with phosphutvs "047

(Coiualnlng jihosphorlc acid '274, equal to

bone caiih i'>73."

Lime IW
Mauncsia -001

Potash -W'
Soda -OSS

Sulphuric acid 'DCS

Carbonic acid and lou l'^^^

10000

I Containing -297 of ndrogen, equal to -SO of ammonia.
« Containing -SOU of nitrogen. C(iual to -375 of ammonia. The uholc manu]-«

cuutaiJiing atumonia Id free itato, -fHH ; In form of suits, -067.
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composition varies greatly, according to tlie quantity of

straw used as an absorbent, the nature of tlie animals, the

food they have consumed to produce it, the length of time

and way in which it has been kept, itc. The analysis by

Dr Voelcker of well-made farmyard manure from horses,

cows, and pigs, given in Table IV., p. 509, will show its

approximate composition.

Tliis analysis shows that farmyard manure contains all

the constituents, without exception, which are required by

cultivated crops to bring them to perfection, and hence it

may be called a perfect manure. Dung, it will be observed,

contains a great variety of organic and inorganic compounds

of various degrees of solubility, and this complexity of

composition—difficult, if not impossible, to imitate by art

—is one of the reasons which render farmyard manure a

perfect as well as a universal manure.

The excrements of different kinds of animals vary in

composition, and those of the same animal will vary

according to the nature and quantity of the food given,

the age of the animal, and the way it is generally treated.

Thus a 3'oung animal which is growing needs food to

produce bone and muscle, and voids poorer dung than one

which is fully grown and only has to keep up its condition.

The solid and liquid excrements differ much in composition,

for, while the former contains a good deal of phosphoric

acid, lime, magnesia, and silica, and comparatively little

nitrogen, the urine is almost destitute of phosphoric acid,

and abounds in alkaline salts and nitrogenous organic

matters, which on decomposition yield ammonia. Unless,

therefore, the two kinds of excrements are mixed, a perfect

manure supplying all the needs of the plant is not obtained
;

care must accordingly be taken to absorb all the urine by

the litter. Farmyard manure, it is well known, is much
affected by the length of time and the way in which it has

been kept. * Fresh dung is soluble in water only to a limited

extent, and in consequence it acts more slowly on vegeta-

tion, and the action lasts longer than when dung is used

which has been kept some time; fresh dung is therefore gene-

rally used in autumn or winter, an'd thoroughly rotten dung

in spring, when an immediate forcing effect is required,^

Tho changes which farmyard manure undergoes on keep-

ing are illustrated by the following table of analyses, by

Professor Wolff of Hohenheim in Wurtemberg^ of farm-

yard manure in its different stages of decomposrtion :

—

Table Y,—Average Percentage Composition of Farmyard Manure.
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are pot in a separate place, or is ncoumulatod under the

aaiauil in the feeding-boxes ; of the two plans the latter is

the better, the urine being more thoroughly absorbed, and,

owing to the box manure being more compact through

«>nstant treading on it, air enters less freely and the

etecomposition goes on less rapidly, the volatile matters in

consequence not being so readily lost. External agents,

such as rain, wind, sun, &c, do not aflfect it as they would

in the case of dung-pits. If farmyard manure must be

stored in heaps, care should be taken to have the bottom

and sides of the pit impermeable to water, and the bottom

slightly inclined to allow any liquid manure which collects

to run off into a tank below, from which, by means of a

pump, it may be again poured over the 'leap. A concrete

bottom for the pit is best, or, failing that, one of thick clay

OT well-beaten earth. The manure' heap should be kept as

compact as possible, and always moist. The advantage of

farmyard manure lies, not only in its supplying all the con-

Btituenta of plant food, but also in the improved physical

condition of the soil through its application, as the land is

kept porous, and air is allowed free access. While, how-

ever, farmyard manure has these advantages, experience

has shown that artificial manures, properly selected to meet

the requirements of the crops intended to be grown, due

regard being had to the chemical composition of the soil,

may be employed to greater advantage. In farmyard

tianure about two-thirds of the weight is water and one-

third dry matter; a large bulk thus contains only a small

proportion of fertilizing substances, and expense is incurred

for carriage of much useless matter when dung has to be

carted to distant fields. When a plentiful supply of good

farmyard manure can be produced on the farm or bought

at a moderate price in the immediate neighbourhood, it

is economy to use it either alone or in conjunctiou with

artificial manures ; but when food is dear and fattening

does not pay, cr farmyard manure is expensive to buy, it

will be found more economical to use artificiiit manures.

2fa,nv.res from Feediny Stuffs.—The investigations of

Messrs Lawes, Gilbert, and Mure have eho^vn that, in

estimating the value of animal manure, 90 per cent, of the

nitrogen of the food may be reckoned to be recovered in the

case of feeding cakes, pulse, and other highly nitrogenous

feeding stuff's ; 85 per cent, in the case of foods compara-

tively poor in nitrogen, such as cereals and roots ; and less

than 65 per cent, in the case of bnlkj feeding stuffs, such

as hay and straw. As a source of manure, the value of

fattening foods is greater the more nitrogen they contain.

Practically speaking, the whole of the mineral constituents

and about nine-tenths of the nitrogen of the food are'

recovered in the dung and urine. For the same weight of

dry substance consumed, oxen void more manure than

sheep, and sheep more than pigs. The composition of the

different foods given to fattening animals being well known,
it is easy to calculate the amounts of nitrogen, phosphoric

acid, and potash of the food which will be recovered in

the manure. Each constituent having its market value

as a manuring constituent, the money value of the manure
obtained from the consumption of a ton of any ordinary

food of which the composition is known can be determined.

Assuming ammonia to be worth 8d. per lb, potash 2d.

per lb, and phosphate of lime Id. per B), the money value
of the manure produced by the consumption of a ton of

various foods is given by Mr Lawes in the following table

(VII.), which also shows' the general composition of the
uifforent foods as far as their manurial value is concerned.

In these estimates it is presumed that the manure can
be put on the land without loss, but in practice some loss is

unavoidable
; it may be but slight, as, for instance, when

sheep are fed on the land, or when the manure is made in

(eeding-boses, but it will be considerable when the food

has been consumed in open yards in a very rainy season.

Allowances mtat thus be made for tlie circumstances

under which the manure was produced,

Tadle YII.—CowposUion of Ordinary Feeding Sluffa in lOOOjiaiYt,

and llieir Manuring Value per Ton.
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Jmmonia SalU.—The principal one is sulphate of aram nia,

largely produced in gas works by neutralizing gas liquet rith

sulphuric acid ; it is usually sold on a basis of 21 to 26 per cei t. of

ammonia.
Soot is valuable Oii account of the sulphate of ammonia it con-

tains; the percentage of ammonia varies fiom IJ to 4.

Kitmtc of soda is a natural deposit ; it is grently used as a top

dressing for wheat and barley. It usually contains common *d^
mnd when purified is sold ou a basis of 95 per cent, of pure nitrate.

Organic yilrogcnous Substances.—Wool, hair, fish, flesh, horn,

blood, rape cake, damaged cotton cake and other oil cakes. 'Wool

refuse (shoddy), according to its quality,contain3 from 4 to 8 per cent
of nitrogen, flesh 14 to 16 per cent., blood (dried) 13 to 15 per cent.,

rape cake 4 to 5 per cent, linseed cake about 4 percent, cotton cake

(undecorticated) nearly 4 per cent, and cotton cake (decorticated)

over 6 per cent, of nitrogen.

2. Phospliatic Uanures.—(a) The following phosphatic minerals
are used for the manufacture of superphosphate of various strengths,

and of compound manures :—coprolltes (Cambridge, Suffolk, and
Bedfordshire), containing 50 to 55 per cent, of phosphate of' lime

;

phosphorite (Spanish and Portuguese) ; apatite (Norwegian and
Canadian), containing often as much as 80 per cent, phosphate of
lime ; South Carolina (land and river) phosphate, 62 to 56 percent
phosphate of lime ; French phosphate ; Sombrero phosphate, 70 per
cent phosjjhate of lime ; Curajoa phosphate, 80 percent phosphate
of lime ; Isavassa phosphate ; Aruba phosphate, &<?.

(b) Bones.—Rawboues,a3 Jinchand Jinchbones; bonemeal; bone
dust, having about 48 per cent, phosphate of lime and 4.J per cent
of ammonia ; boiled bones, with 60 per cent phosphate of lime and
about 1 '8 per cent, of ammonia ; dissolved b mes ; bone ash, with
70 per cent, phosphate of lime ; animal charcoal, with 70 to 80 per
cent, pl'osphate of lime.

(c) I'lwsphatic Guanos.—Lacepede Island guano; Mexillones
guano- Maiden Island

.
guano ; Fanning Island guano; and

many others varying in composition from 60 to 90' per cent
phosphate of lime.

3. Saline Materials.—Potash saltsfchlorideandsulphate); kainite,

with 20 to 25 per cent, sulphate of potash, and also sulphate of
magnesia and common salt ; wood ashes, with about 10 per cent
of potash ; common salt

4. Calcareous Manures.—Lime, chalk, marl, gypsum, shell sand,
gas lime, coal ashes, road scrapings, &c.

6. Carbonaceoxts Manures.—Sawdust, peat, sea-weed, vegetable
^efuse, &c.

6. Special and Compound Manures.—The basis of these is super-
phosphate, which is mixed with other manuring materials to meet
the special requirements of particular crops and soils.

The foregoing remarks made on the application of

manures to different kinds of crops may now in conclusion

be summed up. Farmyard manure, in order to be most
beneficial, should be applied as quickly as possible after

it is made, the best time being in antumn or early winter.

Nitrate of soda should be applied as a top dressing early

in spring ; its effect will be seen in the first season only.

Ammonia salts, guano, dung, ic, are best applied to heavy
land in autumn or winter, either before the seed is sown,

or after the plant is fairly above ground, but in the case

of light land early in spring. The effect of bones in the

various form of dissolved bones, bone dust, raw bones, Ac,
will last tvo or more seasons according to the quantities

nsti.Bi'' their respective solubility. Lastly, it may be
observed cbia^ the presence of lime is essential to the

economical n?6 Df manures.

As regards cereal crops, it has been found that mineral

manures alone, whether simple or complex, do not pro-

duce appreciable increase of crop, but that nitrogenous

manures, whether as ammonia salts, nitrate of soda, or

farmyard manure, greatly benefit the crop ; that nitrate of

soda does rather better than ammonia salts ; and that,

while on fairly heavy land farmyard manure will yield good
crops, the best results are obtained by using mineral and
nitrogenous manures together. On clay soils a top dressing

of nitrate of soda often answers all practical purposes, but
on light soils nitrate of soda or ammonia salts should not
be used without mineral manures, while it is advisable
even on heavy land to use superphosphate as well.

For roof crops, on cold clays nothing answers so well as

mineral superphosphate alone, but on light land dissolved

bones, bone dost Kecipitated phosphate, or a compound

artificial manure will be found to be much preferable t»
superphosphate. Bone meal mixed with mineral super-
phosphate makes, for instance, a good manure for roots;
for mangolds Peruvian guano and common salt in additioo
are useful, and for potatoes gotash salts with phosphatic
and nitrogenous manures.

For pasture land the use of artificial manures is, as
a rule, not economical; nitrogenous manures raise the
quantity and phosphatic and potash manures improve the
quality of the herbage, while, for worn-out pastures,
potash with -dissolved bones or superphosphate or super-
phosphate and guano will do much ^ood. The most
economical way of manuring pasture land is to apply farm-
yard manure liberally, or feed it off with cattle, giving
cotton cake in addition.

The employment of artificial manures iti a judicious
manner has shown the occupier of land that it is nut
necessary for him to be bound down to any system of

rotation of crops which may be practised in his particuhr
district, but that he has the means of pursuing the course of
cropping, system of manuring, and general management of

his farm which will yield him the best returns. No more
striking instance of this could be put forward than the
experience of Mr Prout, who at Sawbridgeworl,h, Herts,

has grown with much success cereal crops, year aftpr year,

on heavy clay land, selling the whole of the growing crops,

and restoring the fertility of the soil by artificial manures.
The land was purchased in 1861, and up to tho present time

(1882) the crops have been as good as ever, and the land
has not been deteriorated, but on the other hand improved,
by cotitinuous corn growing. The experiments of Messrs
Lawes and Gilbert at Rothamsted and of Dr Voelcker at

Woburn have been thus verified on a large scale in the

experience of Mr Prout, and have shown beyond all pos-

sibility of doubt the efficacy and economy of a liberal use

of artificial manures. (a. v.)'

MANUSCRIPTS, Ancient. See Diplomatics and
Paleography.
MANUTIUS. LALPUsMAiiUTius (1450-1515). Teo-

baldo Mannucci, better known as Aldo Manuzio, the founder

of the Aldine press, was born in 1450 at Sermoneta in the

Papal States. He received a scholar's training, studying

Latin at Rome under Gasparino da Verona, and Greek at

FerraraunderGnarino da Verona. Having qualified himself

for the career of a humanist, according to the custom of the

century, he went in 1482 to reside at Mirandola with his

old friend and . fellow-student, the illustrious Giovanni

Pico. There he stayed two years, prosecuting his studies

in Greek literature. Before Pico removed to Florence, he

procured for Aldo the post of tutor to his nephews Alberto

and Lionello Pio, princes of CarpL To Alberto Pi6 thj

world owes a debt of gratitude, inasmuch as he supplied

Aldo with funds for starting his printing press, and gav§

him lands at Carpi. It was Aldo's ambition to secure the

literature of Greece from further accident by committing

its chief masterpieces to type ; and the history of his Uf^

is the record of the execution of this gigantic task. Before

his time four Italian towns had won the honours of Greek

publications :—Milan, with the grammar of Lascaris, .(Esop,

Theocritus, a Greek Psalter, and Isocrates, between 1476

and 1493 ; Venice, with the Erotemata of Chrysoloras in

1484; Vicenza, with reprints of Lascaris's grammar and

the Erotemata, in 1488 and 1490; Florence, with Alopa's

Homer, in 1488. Of these works, only three, the iSIilanese

Theocritus and Isocrates and the Florentine Homer, were

classics. Aldo selected Venice as the most appropriate

station for his labours. He settled there in 1490, and soon

afterwards gave to the world editions of the Hero and

Leander of ilusKUs, the Gakomyomachia, and the Greek

Psalter. These have no date; but they are the earliest

,
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tracts issued from his press, and are called by liim
" Precursors of the Greek Library."

At Venice Aldo gathered an army of Greek scholars and
compositors around him. His trade was carried on by
Greeks, and Greek was the language of his household.

Instructions to type-setters and binders were given in

Greek. The prefaces to his editions were written in

Gr6ek. Greeks from Crete collated JISS., read proofs,

aad gave models of calligraphy for casts of Greek typo.

Not counting the craftsmeu employed in merely manual
labour, Aldo entertained as many as thirty of these Greek
assistants in his family. His own industry and energy

were unremitting. In 1495 he issued the first volume of

his Aristotle. Four more volumes completed the work iu

1497-98. Nine comedies of Aristophanes appeared iu

1498. Thucydides, Sophocles, and Herodotus followed in

1502; Xenophon's Hellenics and Euripides in 1503;
Demosthenes in 1504. The troubles of Italy, which pressed

heavily on Venice nt this epoch, suspended. Aldo's labours

for a while. But in 1508 he resumed his series with an

edition of the minor Greek orators-; and in 1509 appeared

the lesser works of Plutarch. Then came another stoppage.

The league' of Cambray had driven Venice back to her

lagoons, and all the forces of the republic were concentrated

on a struggle to the death with the allied powers of

Europe. In 1513 Aldo reappeared with Plato, which he

dedicated to Leo X. in a preface eloquently and earnestly

comparing the miseries of warfare and the woes of Italy

with the Eublime and tranquil objects of the student's life.

Pindar, Hcsychius, and Athenreus followed in 1514.

These complete the list of Aldo's prime services to Greek
literature. But it may bo well in this place to observe

that his successors continued his work by giving Pausanias,

Strabo, ^schylus, Galen, Hippocrates, and Longinus to

the world in first editions. Omission has been made of

Aldo's reprints, in order, that the attention of the reader

might be concentrated on his labours in editing Greek
classics from MSS. • Other presses were at work in Italy

;

and, as the classics issued from Florence, Eome, or Milan,

Aldi> took them up, bistowing in each case fresh industry

upon the collation of codices and the correction of texts.

Nor was the Aldino press idle in regard to Latin and Italian

classics. The Asolani of Bembo, the collected writings ajE

Poliziano, the Uypnerotomaclda Polipldli, Dante's Divine
Comedy, Petrarch's poems, a collection of early Latin poets

of the Christian era, the letters of the younger Pliny, the

poems of Pontanus, Sannazzaro's Arcadia, Quintilian,

Valerius Maiimus, and the Adagia of Erasmus were
printed, either iu first editions, or with a beauty of type
and paper never reached before, between the years 1495
and 1514. For these Italian and Latin editions Aldo had
the elegant typo struck which bears his name. It is said

to have been copied from Petrarch's handwriting, and was
cast under the direction of Francesco da Bologna, who has
been identified by Panizzi with Francia the painter.

Aldo's enthusiasm for Greek literature was not confined

to the printing-room. Ho burned with a humanist's
jthusiasm for the books he printed ; and we may well

pause astonished at his industry, when we remember what
|i task it was in that ago to prepare texts of authors >'s>

numerous and so voluminous from MSS. Whatever tho
students of this century may think of Aldo's scholarship,

they must allow that only vast erudition and thorough
familiarity with tho Greek language could have enabled
Lim to accomplish what ho did. In his own days Aldo's
learning won the hearty acknowledgment of ripe scholars.

To his fellow workers ho was uniformly generous, frco

from jealousy, and prodigal of praise. His stores of MSS.
were as open to tho learned as his printed books were
liberal given to tho public. While aiming at that

excellence of typography which renders his editions the
treasures of the book-collector, he strove at the same time
to make them cheap. We may perhaps roughly estimate
the current price of his pocket series of Greek, Latin, and
•Italian classics, begun In i501, at 2s. per volume of our
present money. Tho five volumes of the Aristotle coat
about £8. His great undertaking was carried on under
continual difficulties, arising from strikes among his
workmen, the piracies of rivals, and the interruptions -of

war. When he died, bequeathing Greek literature as an
inalienable possession to the world, he was a poor man.
In order to promote Greek studies, Aldo founded an
academy of Hellenists in 150'J under the title of the New-
Academy. Its rules were written in Greek. Its mem-
bers were obliged to speak Greek. Their names were
Hellenized, and their official titles were Greek. The
biographies of all the famous men who were enrolled in
this academy must be sought in the pages of Didot's Aide
llanuce. It is enough here to mention that they included
Erasmus and the English Linacre.

in 1499 Aldo married Maria, daughter of Andrea
Turresano of Asola. Andrea had already bought the press
established

. by Nicholas Jenson at Venice. Therefore
Aldo'a marriage combined Wo important publishing firms.

Henceforth the names AK^us and Asolanus were as-
sociated on the title pages of the Aldine publications

;

and after Aldo's death in 1515, Andrea and his two sons
carried on the business during the minority of Aldo's
children. The device of the dolphin and the anchor, and
the moitofestina lente, which indicated quickness combined
with firmness in the execution of a great scheme, were
never wholly abandoned by the Aldines until the expiration

of their firm in the third generation.

II. Paulus Manutius (1512-1574). By his marriage
with Maria Torresano, Aldo had three sons, the youngest of

whom, Paolo, was born in 1512. He had the misfortune
to lose his father at the age of two. After this event his

grandfather and two uncles, the three Asolani, carried oa
the Aldine press, while Paolo prosecuted his early studies

with unremitting industry at Venice. Excessive applica-

tion hurt his health, whioh remained weak during the rest

of his life. At the age of twenty-one he had acquired a
solid reputation for scholarship and learning. In 1533
Paolo undertook the conduct of his father's business, which
had latterly- been much neglected by his uncles. In the

interregnum between Aldo's death and Paolo's succession

(1514-33) tho Asolani continued to issue books, the

best of which were Latin classics. But, .though their

publications count a large number of first editions, and
some are works of considerable magnitude, they were not

brought out with tho scholarly perfection at which Aldo
aimed. The Asolani attempted to perform the whole
duties of editing, and to reserve all its honours for them-
selves, dispensing with the service of competent colla-

borators. The result was that some of their editions,

especially their .lEschylus of 1518, are singularly bad.

Paolo determined to restore the glories of the house, and
in 1540 ho separated from his uncles. The field of Greek
literature having been well-nigh exhausted, he devoted

himself principally to the Latin classics. He was a
passionate Ciceronian, and perhaps his chief contributions

to scholarship are the corrected editions of Cicero's letters

and orations, his own epistles in a Ciceronian style, and
his Latin version of Demosthenes. Throughout his life he
combined the occupations of a student and a printer,

winning an oven higher celebrity in the former field than

his father had done. Four treatises from his pen on
Roman antiquities deserve to be commemorated for their

erudition no less than for the elegance of their Latinity.

Several Italiaa cities contended fur the possession of eo

XV. — 63
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rare a man ; and he received tempting offers from tlie

Spanish court. Yet his life was a long struggle with

pecuniary difficulties. To prepare correct editions of the

classics, and to print them in a splendid style, has always

been a costly undertaking. And, though Paolo's publica-

tions were highly csteemeJ, their sale was slow. In 1556
he received for a time external support from the Venetian

Academy, founded by Federigo Badoaro. But Badoaro

failed disgracefully in 1559, and the academy was extinct

iu 1562. Meanwhile Paolo had establi-shed his brother,

Antonio, a man of good parts but indifferent conduct, in a

printing office and book bhop at Bologna, Antonio died

in 1559, having been a source of trouble and expense to

Paolo during the last four years of his life. Other
pecuniary embarrassments arose from a. contract for

supplying fish to Venice, into which Paolo had somewhat
strangely entered with the Government. In. 1561 Pope
Pius IV. invited him to Borne, offering him a yearly stipend

of 500 ducats, and undertaking to establish and maintain
his press there. The profits on publications were to be
divided between Paolo Manuzio and the Rpostolic camera.
Paolo accepted the invitation, and spent the larger portion

of his life, under three papacies, with varying fortunes, in

the city of Rome. Ill health, the commercial interests

he had left behind at Venice, and the coldness shown him
by Pope Pius V., induced him at various times and for

several reasons to leave Rome. But of ihese excursions it

is not necessary to take particular notice. As was natural,

his editions after his removal to Eome were mostly Latin
works of theolagy and Biblical or patristic literature.

Taolo married his wife, Caterina Odoni, in 1546. She
brought him three sons and one daughter. Ilis eldest son,

the younger Aldus, succeeded him in the management of

the Venetian printing house when his father settled at

Rome in 15C1. Paolo had never been a strong man, and
his health was overtaxed with studies and commercial

worries. Yet he lived into his sixty-second year, aud died

at Rome in 1574.

III. Aldus Manutius, Junior (1547-1597). The
younger Aldo, born in the year after his father Paolo's

marriage, cradled in scholarship, and suckled as it were with

printer's ink, proved what is called an infant procligy. When
he was nine years old, his name was placed upon the title

page of 'the famous Eleganze della lingua Toscana e Laiina.

What his share was in that really excellent selection cannot

be ascertained ; but it is hardly possible that a boy of nine

could have compiled it without assistance. The Eleganze

was probably a book made for his instruction and in his

company by his father. In 1561, at the age of fourteen,

he produced a work upon Latin spelling, called Oi-tJio-

yraphix Ratio. During a visit to his father at Rome in

the next year, he was able to improve this treatise by
the study of inscriptions, and in 1575 he completed his

labours in the same field by the publication of an Epitome
Orthographix. Whether Aldo was the sole composer of

the work on spelling, in its first edition, may be doubted

;

but he appropriated the subject and made it his own.

Probably his greatest service to scholarship is this analysis

of the principles of orthography in Latin.

Aldo remained at Venice, prosecuting studies in literature

and superintending the Aldine press. But in these days

^f early manhood he was not satisfied witli the career of

icholarshio and business. At one time he hankered after

the more woriuly honours of the law, at another he built

a country house at Asola, perplexing his father, who had
given him too easy independence, with the humours of his

age. A marriage came to make these matters straight.

The Giunta family had been steadily rising in the world as

printers, in proportion as the Aldi declined through want
of concentration upon commerce. In 1572 Aldo took for

his wife Francesca Lucrezia, daughter of Bartoiommeo
Giunta, aud great-grandchild of tlie first Giunta, who
founded the famous printing house in Venice. This was

an alliance which augured well for the future of the

Aldines, especially as the young husband, in the midst of

distractions, had recently fouud time to publish a new
revised edition of Vclleius Paterculus. Two years later

the death of his father at Rome placed Aldo at the head of

the firm. In concert with his new relatives, the Giunta,

he now edited au extensive collection of Italian letters,

and in 1576 he appeared again beford'tl.e pulilic as a critic

with his commentary upon the Ars Podica of Horace.

Printing, iir this case, as in the case of his father, went

hand iu hand with original autliorsVip. About the iame

time, that is to say, about the year 1576, he was appointed

professor of literature to the Caiicelleria at Venice. The
Aldine press continued through tliis period to issue bcolcs,

but none of signal merit ; and in 1585 Aldo determined to

quit his native city for Bologna, where lie occupied the

chair of eloquence for a few months. In 1587 he left

Bologna for I'isa, and there, in his quality of professor, he

made the curious mistake of printing Alberti's comedy
Philodoxius as a work of the classic Lepidus. Sixtus V.

drew him in 1588 from Tuscany to Rome; and at Rome
he hoped to make a permanent settlement as lecturer. But

his public lessons were ill attended, and he soon fell back

upon his old vocation of publisher under the patronage of

u new pope, Clement VIII. In the tenth year of his

residence at Rome, that is, in 1597, he died, leaving

children, but none who cared or had»capacity to carry on

the Aldine press. Aldo himself, though a precocious

student, a scholar of no mean ability, and a publisher of

some distinction, was the least remarkable of the three men
who gave books to the public under the old Aldine ensign.

Times had changed in Italy since Aldo the elder conceived

the great idea of reaping for the press the harvest of Greek
literature. And his posterity had changed with the times

for the wdrse. This does not of necessity mean that we
should adopt Scaliger's critique of the younger Aldo
without reservation. Scaliger called him "a poverty-

stricken talent, slow in operation ; his work is very

commonplace
J
he aped his father." What is true in this

Vemark lies partly in the fact that scholarship in Aide's

days had flown beyond the Alps, whera a new growth of

erudition, on a basis different from that of the Italian

Reuaissanue, had begun.

'Rcnon^ri's Annalcs de VImjmmeric dcs Aides, Paris, 1834, and
Didot's Aklc Manuie, Paris, 1873, contain all necessary informa-

tion regarding the lives of the Jl.inutii and their publica-

tions. (J. A. S.)

MANZONI, Alessakdro Francesco Tommaso
Antonio (1785-1873), founder of the romantic school in

Italian literature, was born at Milan, March 7, 1785.

Don Pietro, his father, then about fifty, represented au old

family settled near Lecco, but originally feudal lords of

Barzio, in the Valsassina, where the memory of their

violence is still perpetuated in a local proverb, comparing
it to that of the mountain torrent. The poet's maternal

grandfather, Cesare Beccaria, was a well-known author, and
his r other Giulia a woman of some literary ability.

Manzoni's intellect was slow in maturing, and at the

various colleges where his school days were passed he

ranked among the dunces. At fifteen, however, he
developed a passion for poetry, and wrote two sonnets of

considerable merit. On the death of his father in 1805,

he joined his mother at Auteuil, and spent two years there,

mixing in the literary set of the so-called " idealogues,"

philosophers of the 18th century school, among whom he

made many friends, notably Claude FaurieL There too he

imbibed the negative creed of Voltairianism, and only after
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his marriage, and under the influence of his wife, did he

exchange it for that fervent Catholicism which coloured

his later life. In 1806-7, while at Auteuil, he first ap-

peared before the public as a poet with two pieces, one

entitled Urania, in the classical style, of which he became

lafer the most conspicuous adversary, the other an elegy

in blank verse, on the death of Count Carlo Imbonati, from

Wl cm, through his mother, he inherited considerable

property, including the villa of Brusuglio, thenceforward

his principal residence.

Manzoni's marriage in 1808 to Henriette Blondel,

daughter of a Genevese banker, proved a most happy

one, and he led for many years a retired domestic life,

divided between literature and the picturesque husbandry

of Lombardy. His intellectual energy at this period was

devoted to the composition of the Inni Sacri, a series of

oacred lyrics, and a treatise on Catholic morality, forming

a task undertaken under religious guidance, in reparation

for his early lapse from faith. In 1818 ho had to sell his

paternal inheritance, as his affairs had gone to ruin in the

hands of a dishonest agent. The beautiful villa I! Galeotto,

where he had spent his childish years amid the scenery he

afterwards immortalized, then passed from his hands, to

his great regret. His characteristic generosity was shown

on this occasion in his dealings with his peasants, who on

settling their accounts were found heavily indebted to him.

He not only cancelled on the spot the record of all sums
owing to him, but bade them keep for themselves the

whole of the coming maize harvest.

In 1819 Manzoni published his first tragedy, II Conte

di Carmagnola, which, boldly violating all classical con-

ventionalisms, excited a lively controversy. It was severely

criticized in the Quarterly Review, in an article to which

Goethe replied in its defence, " one genius," as Count de

Gubernatis remarks, "having divined the other." The
death of Napoleon in 1821 inspired Llanzoni's powerful

stanzas // Cmque Magcjio, the most popular lyric in the

Italian language.

The political events of that year, and the imprisonment

of many of his friends, weighed much on Manzoni's mind,

and the historical studies in which he sought distraction

during his subsequent retirement at Brusuglio, suggested

his great work. Round the episode of the Innominaio,

historically identified with Bernardiuo Visconti, I Promessi

Sposi began to grow into shape, and was completed in

September 1822. The work when published, after revision

by friends in 1825-27, at the rate of a volume a year, at

once raised its author to the first rank of literary fame.

In the interim of its composition in 1822, Manzoni
published his second tragedy Adelchi, turning on the over-

throw by Charlemagne of the Lombard domination in

Italy, and containing many veiled allusions to the existing

Austrian rule.

With these works Jlanzoni's literary career was practi-

cally closed. The end of the poet's long life was saddened
by domestic sorrows. The loss of Lis wife in 1833 was
followed by that of several of his children, and of his

mother, to whom he was fondly attached. Ta 18?7 'jc

married his second wife, Teresa Borri, a-iuow of Count
Stampa, whom he also survived, while of nine children

born to hi'ii in his two marriages, all but two preceded him
>o chu grave. The death of his eldest son. Pier Luigi, on
jvsril 28, 1873, was the final blow which hastened his end;
^0 fell ill immediately, and died of cerebral meningitis,

M.iy 22, aged eighty-eight. His country mourned him
with almost royal pomp, and his remains, after lying in

state for some days, were followed tc the cemetery of Milan
by a vast cort(5ge, including the royal princes and all the
great officers of state. But his noblest monument was
Verdi's Jiequiem. specially written to honour hia memorv.

Manzoui's position in literature is unique; (or, wtile tne romantic
Renaissauce produced in other countries a galaxy of genius, in Italy
it remained embodied in him alone, since none of his disciples came
near enough to be classed with him. Scott declared / Promessi
Sposi the finest novel ever written; and, if we take as our standard
loftiness of aim combined with ingenuous simplicity of style, and
Titianesque power of cliaractcr painting relieved by an tinder-
cuirent of subtle irony giving point to every trivial incident, we
need scarcely dispute his verdict. It occupies the same place in
Italian as Don Quuotc in Spanish literature, overshadowing in
similar fashion the whole field of subsequent fiction. Manzoni's
poetry cannot be classed so high, and, despite its nervous diction and
epigrammatic intensity of thought, it is as a great master of Italian

prose that lie will go down to posterity.

Of exalted private character, Manzoni furnishes an almost solitary
instance of a poet whose life contains no note of discord with the
loftiest standard presented by his works. The highest genius, dis-

ciplined by still higher moral self-control, produced in him the rare

spectacle of a perlect equilibrium of forces in a powerful mind.
His presence was impressive, and his speech, though retarded by a
slight impediment, so full of wisdom that Tommaseo declared he
had learned more from his conversation than from all the books he
had ever read. At the same time he had that exquisite courtesy
in listening which gave to those who addressed him the sense
of having spoken well. No man ever attained to greater honour
from his contemporaries, or sought it less, and few have joined
such rare intellectual gifts to so much gracious humility of mind
and manners. His warmth of affection, tenderness of sympathy,
and universal benevolence endeared him to his friends and lellow.

citizens, while by his countrymen at large he was revered as tho
sa"e and patriarch of Italian letters.

In addition to the works already named, he wrote La Storia delta

Colonna Xnfame, and a small treatise on the Italian language.
/ Proir^ssi S^wsi, laboriously revised by the author in accojdauce
with the Tuscan idiom, has gone through 118 Italian, 19 French,
17 German, and 10 English editions.
.Biographirel Bketclies of ManKoni have been recently pobllehed by Cefifire

Caniil (1S82), Benedetto Prina, Giullo Carcano, Anstelo de Guberoatia, AntoDio
Stoppani this early years;, and otheiB. Some of his letters have been publiebed
by Giovanni Sforza, and a work entitled, Cornmento Slorico su I Promesit Sposi,
by Cesare Cantii. See also the essay on ** Fauriel" in Salnte-Beuvc's Fortraitt
Contemporains, vol. iv.

MAORI ES. See New Zealand.
MAP. 1. First Essajjs in Mapmalcing.—As each man

stands in the centre of his horizon and the portion of the

earth's surface which lies within his range of vision has the

appearance of a disk, the whole world was in ancient times

conceived as a disk surrounded by the sea. It was con-

sequently not uncommon for a people to imagine—as was
the case we know with the Chinese, the Hindus, the

Chaldeans, the Jews, the Arabs, and even the ancient

Peruvians—that it occupied the middle part of the world.

The wider a people's range of vision, the wider was the

disk of the world represented. A circular surface is thus

the simplest form for a mappa tmmdi or map of the world
;

and it is met with both in antiquity and in the Middle
Ages. The extent of the circle of vision depends among
uncivilizecl peoples on their way of life. Wandering tribes

have seen more of the world than settled tribes ; and

hunters, fishers, and seamen make the widest excursions.

Among them consequently we find the beginnings of map-
making; and Eskinro, Indians, and Polynesians, for

example, show in this matter astonishing quickness of

apprehension, while among the settled Negro tribes, on

the other Land, there are no maps, A map drawn by

an Eskimo woman enabled Sir Edward Parry to discover

Fury and Hecia Strait; M'ClintocK auring nis enueavours

to clear up the fate of the Franklin expedition repeatedly

got the Eskimo to draw coast-maps of the Arctic lands

;

and many similar instances are given by Andree, " Begin-

nings of Cartography," Globus, xxxL pp. 2-1-27, 37-43.

Turning to civilized peoples, it is among the Egyptians

that we find the earliest recorded examples of carto-

graphic representation. Apollonius of Rhodes (born

230 B.C.) reports in his Arr/onaulica (iv. 279) that the

Egyptians of Colchis, a colony dating from the time of

Ramses II. (1), had preserved as heirlooms certain wooden
tablets ((cu/o/3««) on which land and sea, roads and highways,

y/w& accurately indicated ; Eustathius, ip hi,i commectarF
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on Dionysius Periegetes, mentions t'jat Sesostiis tlie

Egyptian king ('aused ronte-niaps to be prepared : and

Btrabo also refers to ccrtnin eld maps in the library of

Eratosthenes in which Men^e and the south end of the

Jieninsula of India were placed on the same [nirallel of

latitude. These statements have been confirmed by the

actual discovery of such maps and plans on old Egyptian

papyrus-rolls. Birch has, for instance, identified a drawing

on a papyrus in the Turin Museum as the topographical

map of a gold-mining district in Nubia. The perspective

in this case is very childish : in order to show that the road

leads between two mountain-chains, the mountains on one

side of the road are inverted (comp. Lepsius, Url-itn-

denhuch, pi. xxii.). This map is one thousand years older

than that of Anaximander, who was considered by the

Greeks as the inventor of cartography. On another sheet

appears a representation of the victorious return of Sethos

I. (1443-1392 B.C.) from Asia, showing the road from
Pelusiura by Leontopolis to Heroopolis, Lake Timsah with

fish in it, the canal from the Nile with crocodiles, and
at Heroopolis a bridge over the canal. Similar picture-

maps were discovered by Layard in Assyria {Nineveh and
Babylon, p. 231 sq., 1867). The ancient Babylonians have

also the high distinction of having divided space and time

in a way that allowed scientific measurements to be made
after the still customary, method. It was they who origin-

ated the division of the ecliptic into twelve sicns and later

into 360 degrees ; and the division of the circle into 360
degrees with 60 minutes to the degree and 60 seconds to the

minute, as well as the corresponding division of the hour,

was the outcome of their se.xagesimal system of numeration.

This method of division was introduced among the Greeks

by Hipparchus (150 B.C.), and obtained general currency

through the geographer Ptolemy (150 A.D.). By this

means were provided the elements necessary for the astro-

nomical determination of geographical position. Among
the Egy-jitians and Babylonians map-making remained in

its first infantile stage ; its scientific development was

received at the hands of the Greeks.

2. Devdopmcnl of Map-rnaJcin'j among the Greeks.—
In Homer the " circumfluent ocean " represents the horizon

which bounds the disk of the world ; the scientific treat-

ment of geography and map-making has its origin among
the Ionic Greeks of Asia Minor. Anaximander, a puj)!!

of Thales (about 560 b.c); sketched the first map {ycwypa-

(^otos TTivai), and was the first who sought to deter-

mine the compass of the earth (the world-disk) and the sea.

As the Greeks gradually extended their journeys as far as

India in the East and the Atlantic in the West, the con-

viction gained ground that the world-disk could not be

bounded by a regular circular outline. About one hundred

years after Anaximander, Democritus of ribderE, ventured

to draw a new map on the basis of his own observations

(for in his extensive wanderings he had been as far as

Persia and perhaps even India); and in opposition to the

circularoform of the lonians he gave the world an oblong

shape, and taught that from east to west it was half as

long again as from north to south. Although after the

time of Aristotle the tabular or flat-surface theory of the

figure of the earth was expelled by the spherical or globe

theory, the portion of the earth's surface which was really

known retained the same oblong shape which it had with

Democritus ; and hence we still speak of longitude and
latitude, that is, length and breadth. It was on this basis

also that the far-travelled Hecataus of Miletus, who wrote

his r^s TTfpi'oSos between 520 and 500 B.C., drew up his

map ; for the representation of the world on a brazen tablet,

which was shown by Aristagoras, tyrant of Jliletus, to King
Cleomenes of Sparta, was probably nothing else than the

"sorld-map of Hecatseus. The first application of astronomy

to geography was made by the famous Arctic navigntor

Pytheos of Marseilles, about 326 b.c. ; it is from him that

we obtain the first ob5crvati(m of latitude, and, what is of

some importance, this is for ilarseilles. His voyage to the

extreme North (Tliulo) was undertaken partly for the

purpose of satisfying himself in regard to the figure and

size of the earth. Dicaiarchus of Messana in Sicily, a
pupil of Aristotle's (310 B.C.), made the first approach to

a projection. He divided the inhabited (i.e., the known)
world, whicli he reckoned to be one and a half times as

long as it was broad, into a northern and a southern half

by means of what ho considered a straight line drawn from

the pillars of Hercules, through Sicily, the Peloponnesus,

Caria, Lycia, Pamphylia, Cilicia, and across the 'Taurus to

the Imaus (Himalaya). He thus drew the first parallel of

latitude, and upon this basis he prepared maps which were

to be publicly exhibited in a hall (Agathem., § 5 ; Strabo,

p. 105). The name 8ia'<^/)ay/ia-n)?oiKoii/xt'i'>)s,t.<'., partition

of the inhabited world, was given to the base-line. For the

next material improvement we are indebted to the famous
astronomer and geographer Eratosthenes of Cyrene, the

keeper of the Alexandrian library (276-196 B.C.). He was

the first to make a rational geodetic measurement for the

purpose of determining the size of the earth, and he col-

lected in his T(uiyparj>iKu. the whole geographical learning

of his time. This work has unfortunately been lost, but

from the numerous fragments that have been preserved,

es|iecia!ly by Strabo, it is possible to forrii an idea of

this the first systematic geography. Starting with the

spherical form and the size of the world, it gave a descrip-

tion of the ocKou/ifi-i/, discussed the space relations of

the world-island, and estimated its extent in longitude

and latitude. On the basis of the diaphragm of Dicre-

archus, the course of which was more precisely indicated,

a series of seven paraJ'ela and as many meridians cutting

the diaphragm at right angles were drawn, and by thi.i

means the inhabited world was divided to the north and

the south of the diaphragm into a certain number of

regular divisions to which the name of sphragidia or seals

was given. Then follows a description of the countries

in the several "seals,'' beginning with India. In this

arrangement we may recognize the first attempt to con-

struct a network or system of degrees. As numerous
data in regard to distances were already at his command,
Eratosthenes greatly improved on the old maps in the

matter of correctness ; but, as the number of astronomical

determinations of latitude was still small, and the intervals

between the parallels and the meridians were unequal and
conditioned by the available data in regard to distance,

his network of lines was far from being an exact

mathematical system. Hipparchus of Nicjea in Bithynia,

the greatest astronomer of the ancient world (about 150

B.C.), consequently rejected the geography of Eratosthenes

because it only partially utilized the abundant resources

provided by the high development of contemporary mathe-

matics and astronomy. Instead of the uncertain estimates

of distance and direction furnished by travellers, only

astronomical determinations of latitude and longitude

should, he maintained, have been employed. He does not

appear, however, to have himself written a geo-

graphy or constructed a map. About the same
time Crates of Mallus made the first globe. On
this he extended the Atlantic Ocean southward to

the south pole, placed a corresponding ocean on the other

hemisphere, and, in the belief that the torrid zone could be

occupied by nothing but water, ran an Oceanic belt along

the line of the equator (fig. 1 ). In the four segments thus

produced he set four semicircular land-areas, only one of

which was known to the ancient world. This systematio

figure maintained its place down into the Middle Ages, as
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appears from the ornamentation of tlie globe that forms

part of the insignia orf royalty.

Marinus of Tyre (about 150 a.d.) was the first who
sought to give effect to the demand made by Hipparchus

for a trustworthy representation of the countries of the

world. His work unfortunately has been lost ; and we
know of its existence only from his successor Claudius

Ptolemy. Without Marinus, however, Ptolemy's work
would have been impossible ; and neither' of them was

able really to carry out Hipparchus's idea of determining

the latitude and longitude for every place ; for observa-

tions of latitude were known only for Marseilles, Syene,

Alexandria, Rhodes, and perhaps a few other places, and

all other positions were obtained by reducing distances

to degrees. The determination of longitudes was even

more difficult. Ptolemy possessed only the contemporary

observation of the lunar eclipse in Arbela and Carthage

of the year 331 B.C., from which he calculated a dif-

ference of meridian of 45° 10' instead of 34° 2'. The
longer axis of the Mediterranean was consequently a third

too great, 62 degrees of the meridian being assumed
instead of 41 1, and from this there resulted an exaggera-

tion of all the Mediterranean countries, which was corrected

only by the compass-maps of the later Middle Ages.

Ptolemy, however (availing himself of the stereographic

projection devised by Hippa-chus), corrected an important

blunder which Marinus had committed through neglecting

to take account of the sphericity of the earth and con-

structing a rectangular system of degrees. Like Marinus,

he counted his meridians from the Canaries (the Fortunate

Islands). No maps appear to have been drawn by Ptolemy
himself ; those to be found in the oldest editions of his

work are by Agathodaemon (a mathematician of the 5th (i)

century after Christ), though accurately based, it is true, on

Ptolemy's data. The oldest MS. of Ptolemy is that found

in the Vatopedi monastery of Mount Athos, and published

by Victor Langlois in 1867 along with careful reproductions

of the maps. It dates from the 12th or 13th century.

Besides the exaggeration of the Mediterranean, the greatest

blunders of Ptolemy are the following :—the European

continent between the Black Sea and the Baltic is too

narrow ; India is not represented as' a peninsula ; Ceylon

(Taprobane) is made much too large ; and the Indian

Ocean is bounded by lands towards the south (Plate VII.).

But in spite of all this the scientific method pursued in the

representation was perfectly correct. It was not till the

Renaissance that a return was made to the rational treat-

ment of cartography inaugurated by Ptolemy ; and he

then became the teacher of the modern world.

3. Map-makin'j among the Romans.—The Romans con-

tributed nothing to the development of the scientific method

of the Greeks, and did not apply astronomy to the purposes

of cartography. They valued maps according to their

practical utility as implements of political administration
;

and they accordingly attached most importance to the route-

map, from which they could learn the roads, the stations,

and the distances. If we may judge by the few examples

which have been preserved, these sketches may, distortions

apart, be compared with our railway maps. Cicero and

Seneca mention general and topographical maps. In their

time the military routes were already divided into stages,

furnished with milestones, and consequently measured.

During the reign of Augustus a survey of the wholt Roman
empire was carried ont. The routes were marked on

parchment rolls for the purposes of military and civil

administration. A map of the world was painted in a

portico at-Rome; a map of Italy was to bo seen in the

temple of TcUns. Particularly celebrated was Agrippa'a

map. Pliny must plainly have been in possession of maps
to keep himself right in regard to the great number of

names which he records. A map of the Roman empire

was drawn up under Domitian. The emperors of the 2d,

3d, and 4th centuries caused maps to be constructed and
painted on the walls of. public buildings in the cities of

Gaul, as for example in Augustodunum (Autun) ; but of

this class unfortunately none has been preserved. The
only Roman map, indeed, of the imperial epoch which has

come down to us is the Tabula Peutijigeriana, which
takes its modern name from Conrad Peutinger of Augsburg,
who possessed it in the 16th century. It is now preserved

in the Imperial Library of Vienna. Its origin as a map
goes back at least to the 3d century of the Christian era,

—

to the time, that is, of Alexander Severus ; but the actual

copy is not older than the 13th century. It consists of

twelve folio sheets of parchment, which originally formed
one long strip. It has been published by Scheyb (1753)
and Mannert (1834), and in excellent facsimile by
Desjardins (1869, <tc.). That the original of this remark-

able map was of a circular shape has been satisfactorily

proved, the pattern followed being that of the map of the

world in the portico of the Campus Agrippae, which for

centuries retained the rank of a model. Probably,

however, such an orbis piclus was not exactly round, but

rather oval. In its construction effect was also given to

the opinion current from the time of Herodotus that the

extent of the inhabited world was greater from east to west

than from north to south. From this it is clear that the

Romans had not advanced beyond the earlier Greek con-

ception, and were ignorant of the astronomicomathematical

method inaugurated by Hipparchus.

4. Map-making in the Middle Ages.—TliB scholastic

Middle Ages confined themselves to imitation of the Roman
orbes. Fulness of detail, moreover, was gradually lost,

meagreness and crudity appearing in its place. Carto-

graphy in fact fell back to a second childhood. Fanatical

exponents of the orthodox faith, like Lactantius, looked

with disdain on all scientific culture. Geographical ques-

tions were of no interest to him because he regarded them
as mere matters of opinion. Astronomy was a piece of

fantastic folly, the knowledge of distant lands mere learned

lumber. " Quae beatitudo," he exclaims, "erit mihi proposita

si sciero unde Nilus oriatur vel quicquid de coelo physici

delirant 1 " As this narrow conception of things became on

the whole the dominant one, .geography and map-making

practically ceased to exist. The doctrine of the sphericity

of the earth was placed under the ban of the church,

and people went back to the Homeric idea of a disk sur-

rounded by the ocean. Isidore of Seville {ob. 636) taught:

" Orbis a rotunditate circuli dictus quia sicut rota est.

Undique enim Oceanus circumfluens ejus in circulo ambit

fines. Divisus est autem trifarie ; e quibus una pars Asia,

altera Europa, tertia Africa, qu£e et Libya nuncupatur."

Isidore is a master of false etymological inferences.

Deriving rotunditas from rota, a wheel, he declares that

consequently the earth has the appearance of a wheel

Hence the name wheel-maps has been given to all those

maps of the earlier Middle Ages. The three-fold division

which he gives of the world-disk kept its ground for cen-

turies, and the figure of the earth siut on the miserable guise

shown in fig. 2. It was only by the Greek fathers that the

doctrine of the earth's sphericity continued to be taught;

and, as the knowledge of Greek rapidly died out in western

Europe, the fountain was dried up from which a better

science might have been derived. Many minor modifica-

tions were introduced into the map of the world, but

the fundamental type remained as given in fig. 2.

Jerusalem lay in the centre. Paradise in the extreme east

Clever artists gave life to the disk of the world by tnrreted

pictures of towns—Jerusalem, Troy, Babylon, Rome, Ac,
and drew Adam and Eve in the midst of a Paradise which
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waT'deTendeS By a fence of tliorns or of flames, anii, being

considered the highest place in the world, was always

introdaced af the top of the map ! Tho positions cf

Jerusalem and Paradise served to fix the other points.

How long this conception remained in vogue appears from

Septen-

trio.

Occidens.

Fig. 2.

toe fact tint in 1422 Leonardo Datt, in a poem on the

sphere iDfl/a Spera), wrote, "AT within an O shows the

design " (Un T dejitre a nno /nostra il disegno), thus ©.
In this way the whole science of cartography sank back
Delow the level attained by the Ionian Greeks.

5. Map-making among the Arabians.—The first develop-

ment of geographical science among the Arabs took place

at Baghdad about 772 a.d., in the reign of the caliph

Mansiir, and under tlie influence of an Indian astronomer

and mathematician ; and, not long after the works of Euclid,

Archimedes, Aristotle, and Ptolemy were translated into

Arabic, by orders of the caliph Mamun (813-833), a degree

was measured in Mesopotamia in the plain of Sinjar, and a
system of the world (Rasm el-ard) was constructed by his

librarian Mohammed ben Musa of Khiva (Aleharesmius), in

which every place was to be determined by longitude and
latitude in the style of Ptolemy. But the science split up
only too soon into a practical and a theoretical (astronomical)

section— the one treating geography (ja'rafiyA) as the

doctrine of routes and provinces, the other as the doctrine

of Jatitudes and longitudes. Astronomy contented itself

with the astronomical determination of the position of

places without drawing maps or exerting any influence on

their projection ; travellers and topographers on the other

hand did not trouble themselves about astronomy, but like

Istakhri (c. 750) or Ibn Haulfal (c. 750) added maps to their

descriptions which were destitute of any system of degrees,

and betrayed by the roughness of their outlines the clumsi-

ness of the draughtsman. Ultimately, like Dimishki'(1327),

they left mathematical geography completely out of their

works, Ibn Haukal having already declared that mathemati-

cal division only brought confusion into geography. Only
Edrfsf's map, engraved for King Roger II. of Sicily upon a

silver plate (1164), forms an exception ; but, as it was nut

drawn according to the Ptolemaic projection, but simply

indicated the seven climates, it was after all but an unsuc-

cessful copy of Ptolemy.

6. Nautical Maps.—The nautical (loxodromic or compass)

maps, which make their first appearance in Italy in the

13th century, indicate a gratifying improvement in

cartography after a long period of stagnation. These maps
were constructed with the aid of the compass, and took the

name of compass-maps because they are covered with the

figure of a compass from which numerous straight lines

radiate out in all directions over the sheet. The fact that

the magnet turns towards the north is first rentione'l io

1187. Flavio Gioja of Amalfi was perhaps the first to

make a mariner's compass and to teach seamen the use of

that important instrument. The Italians divided the

compass into eight parts (venti), assigning 45° to each

—

Tramontane (X.), Greco (N.E.), Levante (E.), Sirocco

(S.E.), Ostro (S.), Libeccio or Garbino (S.W.), Ponente (\V.),

I Maestro (N.W.). Every division had four quarters (quarte

di vento), each of 1
1
J degrees. The maps were produced as

! follows. The courses of individual ships were first of all

inserted as straight lines, calculated according to the

distances traversed, from particular ports, as Genoa or

Venice, to other ports, and when a good supply of such

material had been collected and a series of diagonals

drawn in accordance therewith, the most important poiiits

on the coast and in the islands were fixed. The lines by

which the meridians were cut at the same angle wore

called losodromes ; they gave a correct indication when
they cat the true astronomical meridian, a false one when
they cut the magnetic meridian. On the Italian charts

th» loxodromes were drawn as straight lines. The
numerous radii of the compass shown on the maps enabled

the seaman to find the direction which he had to take to

reach his goal Hence the title loxodromic maps.

Charts on which the degrees were marked became neces-

sary only when navigation extended to the ocean ; they

were introduced by the Portuguese, probably at the sugges-

tion of Prince Henry the Navigator. They are " plane

charts " with lines of longitude and latitude.

The oiliest lojtodromic charts which have been preserved coma
from Pisa, Genoa, aiij Venic*. Tlie farliest, the so-called Pisan
chart, belongs probably to thfi niJdle of the 13th "lentury, and
already comprises tho whole Mediterranean. As this representation

nf tlie whole mnst of necessity havo been preceded by surveys of

the several portions, the beginning of the chart may bo placed at

least as far back as the first part of the 13th century. Ne.\t in

point of age comes (2) the Luxoro Atlas in Genoaabout the year 1300,

in the possession of the Cavaliere Tomas Luxoro. Then follow (3)

Petnis Vesconte, 1311, in the national arehivcsat Florence, inclading

the eastern Jlediterranean (Pelrus Vesconte de JaniM/ccU iaia carta

aim (Ihi M'CCCXr), see fi?. 3 ; (4) ilarino Santido, a map of the

world representing the Meditorranoan unci the Atlantic coasts as far

as Flanders, probably drawn between 1312 and 1321—several copies

in Rome (the Vatican), Venice, and Brussels ; (6) an atlas of Petrus
Vesconte's about 1313 (iu Venice, in eight sheets ; in Milan, ten
sheets) ; (6) Perrinus Vesconte, 1327, iu the Laurentian Librarj at

Florence ; (7) Joannes da Carignano, between 1306 and 1333, in the

archives of Florence {Presbiter Joannes rector saneli Marci de porta
Janum me fecit) ; (8) a map of 1346 in the Castilian tongue, in the

National Library at Paris
; (9) the Medicean atlas of 1351 in the

Laurentian Library at Florence, eight sheets, which represents also

the Caspian Sea, and, remarkable enough, tho whole of Africa
; (10)

Pizigaui, 13B7, in the National Library at Parma, a map of the

world which extends as far aa Persia, with numerous entries

not only on the coasts but also iu the interior; (11) an atlas of
Pizigani, of date 1363, nine sheets in folio, in the Ambvosian
Library in Milan, comprising the Mediterranean and the Ocean u
far as Jutlaftd [M.CCCLXXIII a die VIII di lugno fraiizeseho

piziganij vcniziano in vffiiiexia me fecit) \ (12) the famous Cata-

Ionian map of the world of 1375, in four sheets, iu the National
Library at Paris; (13) a map by GuUl. Solerio of Majorca, 1385,

in the public archives in Florence ; and (14) atlas by soma un-
known hand, fonr sheets folio, in the Biblioteca Marciaua at

Venice.
Several of these Italian maps give indubitable evidence that as

early as the 14th century the Azores and Canaries had been dis-

covered, as well as the coast of Africa as far as beyond C'a[>e Bojador.
With tlie niidillo of the century the coast maps developed into

maps of countries with trade routes, pictorial figures, and numeroos
in.scriptions. Maps preserved from the 15th century are still more
numerous :—(15) a map by the Venetian Nicolao, of date 1408, in

Vienna
; (16) Mecia de Villa destes, 1413, in the National Gallery

at Paris
; (17) a map of the world of 1417, in the National Library

at Florence
; (18) Francesco de C'esanis, 1421, in the Mnseo Correr

at Venice
; (19) a map of 1424 at Weimar ; (20) atl.ises by Gia-

como de Giraldi, 1426-43, in Venice and Milan
; (21) Gabriel de

Valsecqua, 1434, from Majorca; (22) Francesco Beccario, three ina[)3,

in the British Museum
; (23) two maps by Battista Beccario in

Munich (1426) and l*arma (1435); (21) Andrea Bianco, 1436, an
atlas of ten sheets, where for the first time the mediaival circular

maps are accompanied by th« Ptolemaic maps, in the BibUotecA
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Marciana at Venice ; also a map of 141S, ^rnwn at London, now in

the Ambrosiau Library at Milan (Andrea Bianco vcnccian etnnito di

gnlia me fcxe a londra, 14^8) ; (25) an elliptical map of tho world
in tlio Pitti Palace at Florence, of Genoese origin, and of date 1447

;

(26) Hannibal de Madiis, 1449, in the Anibrosian Library, (27) a

Cataloiiian map of tlie world, of 1450 (?), in the National Library it

Florence ; (28) Giovanni l.eardo, two maps of tho world, of data

144S (in the museum at Yicenza) and 1452 (the property of Consul-
general Ton Pilat at Venice)

; (20) Fra Mauro, a famous map of tho

world from 1457-5!! in the Biblioteca Jlarciana at Venice ; (30)

Gratioso Beniucoaa of Ancona, n diligent cartographer, twenty-

live very carefully executed works datinc; from between 1460 and
1482; most of them are in Italy, chielly at Venice, two in Paris,

ono at Munich, and one without date in tho British Museum ; (31)

Andrea Benincasa, son of tlio preci'ding, three maps of 147G (Geneva)

and 1490 (Ancona and Rome)
; ^32) Bartolomeo Pareto, a mapof (he

world, of 1455, at Rome; (33) Gioi-gio Giovanni, 1484 (Parma) ;

(34) Count Hortomanus i'redutias «f Ancona, 1497 (Wolfeulmttel).

In the beginning of the 16th century, (35) Albeito C^tino,
about 1501-3, was tho first in Italy to draw » map representing

portions of America, Carta da naiignrc per !c Isolc nuovamcule
trovalc in la parte dclh Indie, in the library at Modena, (36) The
Maggiolo family, famous for its' cartograpliy, fluurished in Genoa
betweeu 1511 and 1G4S. Viaconte JIaggiolo, tlie founder of the
family, is known Ho liavc produced nineteen atlases between 1511
and i5S7. A map by Giacomo Maggiolo, of date 1562, is iii the

British Museum. (37) Battista Agnese labourcJ between 1527 and
1554 in Venice, and the thirteen atlases he has left behind hira arc

pieces of fine crtlstic work adorned with cUarming miniatures. Two
of these atlases, of date 1527 aud 1536, are in the British Museum.

In tho 15t!i century and tho beginning of the 16Lh Spanish,

Portuguese, Greek, and French c.irtographers appear as competitors

with tlie Italian, Catalonian, and Balearic artists. We name
only the most important. Juan de la Casa, a Basque, and a

companion of Columbus, drew in 1500 a map of the world in which

for the first time the hitherto discovered coasts aud islands ol

Fig. 3.—Chart of the Mediterranean (P. Vescoute, 1311).

America were introduced. A map of the world by Garcia de Torero,

1522, is preserved at Turin ; and two general maps, the one dating

.1627 (probably by Fernando Colon, son of Columbus) and tho other

1529 (by Diego Ribero), exist at W'oimar. Between 1558 and 1569

Dieffo Homem produced several beautiful atlases; of these four are

in lt«ly, and one, of date 1563, at Dresden. Among the French
world-maps a tpecial place is duo to that drawn up by order of

King Henry IL It is published by Jomard in his ifonuviens de

la giographic.

As far as Italian navigation extended, and especially within the

limits of the Jtediterranean, a very correct representation of the

coasts and of tho contours of the several countries was secured at

an early date. Tho interior of the countries, on the other hand,

remains 1 confused and inexact. These defects were first sirjiplied

in the 15th century, when recourse was again had to the contri-

butions of the Greeks, and especially of Ptolemy.
Before proceeding to discuss this now development, it may be as

veil to Dioution the varicua names by which the representations of

the earth's surface have been designated. The Greeks employed the

expression irfi/of (picture), the Romans in like manner said tabula.

The word map came into use in the Middle Ages, the name mai>pa-

mundi, mappcmonde ("world-napkin"), proving that maps were

originally painted on cloth. In English map is applied only to

a land-map, the sea-map being known as a chart. Ihe Romance

languages had tho expressions disegno, fgura, pinlura, padron^

Wlien the loxodromic maps came into existence, hand-books willi

sailin" directions were written to accompany them, hence Uie titles

" saiHng directions," "sea-books," portulani (by which word actual

maps were afterwards meant), or cartas da marear. Tho Latin word

charta signifies originally a letter, a written document ; and in like

manner the Portuguese and Spanish form carta. But as early as

the 14th century this expression was (as appears from the inscnp-

tion quoted under No. 8 above) used to distinguish a sea-map. In tlio

same sense Paolo Toscanelli speaks of his carta, which he sent to

the kin" of Portugal. But the expression did not become general

till the 16th century ; in 1613 we find it in Germany in a Strasburj
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editiou of Ptolemy (Carta Marina Portugalensiiiml in 1524 in Spain

(in the Junta of Bailojoz), in 1582 in England (Michael Lock).

, 7. The Revival of Ptolemy.—This produced in the loth

century a revolution in the construction of maps, and laid

the foundations of modern cartography. Ptolemy's great

woric again became generally well known in western Europe

only after it was translated into Latin by Jacobus Angelus

deScarparia in 1409 ; and this version was first printed in

1-475 at Vicenza without maps. The first edition with

maps (to wit, a map of the world, ten maps of Europe, four

of Africa, and twelve of Asia) appeared at Eome in 1478.

Afterwards there were editions at Bologna (1482), Ulm
(1482, by Nicolaus Donis with five modern maps), Ulm
(1486), Eome (1490, 1507, and 1508, the last with seven

modern maps, among which the famous map of the world

by Joh. Ruysch), Strasburg (1513, with forty-seven maps);

tnd in the course of the same century twenty-five other

editions might be mentioned at Strasburg, Basel, Lyons,

Cologne, Venice, and Paris. From this long series, which

if prolonged to the beginning of the Thirty Years' War
would be further increased by five, it is evident that Ptolemy

was the great master of the modern time. At first maps

were drawn according to Ptolemy's determinations of

geographical position ; but, in proportion as the study of

mathematics, astronomy, and cosmography excited the

interest of men of culture, opportunities were afforded of

correcting Ptolemy's astronomical posftions, especially in

the case of central and northern Europe, where the range

of the great cosmographer's knowledge had hardly enabled

Lim to collect original material. The new arts of wood and

copper engraving supplied the means for a rapid diffusion

ci printed maps. The oldest map printed from a wooden

block (in the National Library at Paris), dating from 1460,

and thus belonging to the earliest period of wood engrav-

ing, was produced in Germany, and represents Germany
and western Europe. It is considered to be a copy from

an old Roman map.

After the foundations of trigonometry had been laid by
Purbach, Regiomontanus, and others, attempts of a rather

rude kind were made in the beginning of the 16th century

to execute geographical triangulations and delineations.

The towns formed the central points of the system, their

direction and position from the post of observation being

fixed as precisely as possible, and their distance estimated

in miles according to the best available data without being

accurately measured. It was considered suflScient to assign

in this way the relative positions of inhabited places, and

the representation of the physical relations was very super-

ficial ; the course of rivers, for instance, was not measured,

but carried past the towns on their banks in conventional

lines.

In the Ptolemy of 1513 we already find three topographical maps,
viz., one of Switzerland, one of the district of the upper Rhine
from Basel to Mainz and Lorraine, and a large one of Crete, which
it has been conjectured was taken from a Venetian original. The
number of maps of smaller districts rapidly increased. In 1528
Aventinusdrew the duchy of Bavaria, in 1533 Sebastian ofRotenhamm
produced a map of East Franconia. Slap drawing became a favourite

occupation with the Germans. The best geographical survey of

this period was the Chorographia Bavaris, by the famous Philip

Apianus (twenty-four sheets, at Ingolstadt, 1568). The number of

cartographers increased so rapidly that Abraham Ortelius, in the first

edition of his collection of maps ( Thealrum Mundi, 1570), was able

to give the names of ninety-three. The.first attemnts to improve

and to increase the methods of projection known to tne Greeks were

made by Germans,—namely, Johann Stoffler (1452-1536), Johann
Werner of Nuremberg (1468-1528), Peter Apianus (1495-1552). 'The

last-mentioned introduced the favourite method of representing

both hemispheres together in an elliptical form with lines of latitude.

Maps of the world were compiled by Peter Apianus, Oronce Fine

(1494-1555), Sebastian Cabot (1544), Giacomo Gastaldo (1546-48),

Giov. Batt. Guicciardini(1549), Giov. Domin. Methoni at Venice,

Heinrich Pontanus of Arnhem (1556, a map of the world in the

^a^ of an imperial eaylel. CuilL Postel at Paris (1581), &c

8. Mercator (tint Ida Successors.—Gerhard Kramer, usually

called Mereator (born of German parents at Rupelmonde
111 Flanders iu 1512), has the honourable place of a re-

former of cartography. We possess his map of Palestine

(1537), a map of Flanders (Louvain, 1540) in nine

sheets, phototyped in 1882, a globe (1541), 'and, the

first critical map of Europe (1554), by which^ he laid

' the foundation of his fame as the first cartographer of

I
his age. The exclusive use of Latin letters for maps

I in Germany was due to his example. Especially famous
lis his map of the world (fig. 4) dating from 1569:

j

" Xova et aucta orbis terraj descriptio ad usum navi-

gantium emendate accommodata" (one cojiy in the

National Library at Paris). This map is drawn in the

projection of increasing latitudes with Hues of latitude

and parallel meridians, the basis of which was furnished

by Edward Wright in 1599 in Certain ETrors in Naviga-'

tioH. It is the first chart on which true rhumb lines cjuld

be drawn as straight lines. Ey 1601 Jlercator's projection

was in use for all sea charts. In 1578 Jlercator drew

up maps for Ptolemy exactly in accordance with his

determiuations ; and these were followed by maps *of

Germany, the Low Countries, and France (1585), and of

Italy (1590). It was his purpose to produce a complete

collection of new maps, to which he gave the name Atlat;

but he died in 1594, and the publication of this first atlas

(1595) was left to his son. The title took the place of

the designations previously in fashion

—

Thealrum Orbit,

Speculum Mundi, ic. The second edition of the Atlat

appeared in 1602. The later editions were issued by

Jodocus Hondius in Amsterdam.

Before Mereator collections of maps, including various countries,

and independent of Ptolemy, bad begun to be published. Thus
Christoffel Froschoverin Zurich issued various "LanJtatSen" in 156U
—a map of the world (Univei'salis Cosmographia, in the shape of a

heart, dated md.xl.vi.), Europe, Germania, Gallia, "die gantz*

Eydgnoschatft," and eight topographical maps of Swiss districts.

Of much greater importance and influence was the collection imb-
lished by Abraham Ortelius of Antwerp (1527-9S), Tlicatmm. Orbit

Terrarum (1570), in which the best maps from all countries were re-

engraved. The first edition with a Latin text contained fifty-three

sheets; the seventh (1573) had sixty-nine maps, the twelfth (1579)
ninety-two. Editions appeared with the text in German, French,

Dutch, and after 1600 in English and Italian, and obtained the

widest ditl'usion. Through this work the centre of cartographic

activity was transferred to Holland. Tlierc too laboured the suc-

cessors of Mereator,- Jodocus Hondius (1563-1611) and his son

Henricus Hondius (15SO-1644). Their maps, in several folio

volumes, were numbered by hundreds. To the school of Mereator
belonged also Petrus Plancius and Lucas Janszoon Waghenacr of

Enkhuyzen (Aurigarius), who by his Spicghel dcr Zcmurdl ( Leyden,
1583) became the founder of nautical map-collections. In 1588 a re-

production of this atlas appeared iu London as the first " M'uggoner.*
In the beginninff of the 17th century the town of Dieppe also pi-o-

ducedexcellentcnarts,—Guill Levasseur(1601),Jean Dupont(1625),
and Jean Guerard (1631) being at work there. About the same
time another fa.TOOUS cartographic family arose in Holland. 'William

Jansz. Blaeu (1571-1638) and his sons Jan and C«rnelis turned out

about four hundred maps previous to 1655. "William Blaeu was ia

1633 appoin'.ed by public decree cartographer to the States-GenemI

;

and it was '.lis duty to examine the ships' logs and so amend the

maps. Ho had a rival in the person of Jan Janszoon (Jansonius),

who, working with the material inherited by him from his father-

in-law Jodocus Hondius, produced a Dutch atlas in six volumes, a
French in six folios, a German in nine folios, and a Latin in twa

I

Cartography became a lucrative business but the sci-jntific value of

the work grew less and leas in the hands of Nicolaus Vischer
(Piscator) trom 1621 to 1670 and his son of the same name (ob. 1709),

of Friedrich de \Vitt and his sons, and of Peter Schenck. The ii>-

fluenco of the Dutch school, which had previously been so great,

disappeared with the close of the 17th century. (

In the 16th century the Italians were still active competitors witk
the Germans and Dutch. In engraved maps Venice held aspccially

high rank up to 1570, the Piedmontese Giacomo Gastaldo and
Paolo Forlani of Verona being settled there. Their publications cont-

prised well-nigh all narts of the earth. The progress of discovery
can be followed on their general (universale) and topogra[phical
maps. Gastaldo's period of activity lay between 1546 and 1569,
Forlani's between 1560 and 1570. Thoy had a successor in Antoniu
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Mijiiii (1555-1617) of Padna, who in his Novte geogr. iahulas, pub-
lished in 1596, gave greater precision to the determinations of
position. Giovanni Battista Nicolosi (1610-70) of Sicily issued
at Rome a series of liugc maps of the hemispheres and continents.
Among the French map-makers of this period must be mentioned
Oronce Fine (Finseus) from Dauphine (1494-1555), who published in

1531 his Flanisphxrium gcographirtim in the shape of a heart
according to tho projection of Apianus ; .Tolivet (about 1560);
Guillaume Postel (1505-81), who in 1570 drew a new map of

France; the Franciscan Andre Thevet (1502-90), who in 1575
edited a Cosmographic univcrseUc (2 vols, in folio), and finally

Melchior Tavernie'r, a pupil of Ortelius (o6. 1C41), who published
many maps of Euroneancountries, In England there appeared in 1544
the great map of tne world by Sebastian Cabot. The first modem
map of England was produced by Humphrey Lhuyd in 15f 9 (Anglix
regni tabula and Corographia Camhrias). He was succeeded by
Christopher Saxton, who travelled through different parts of the

country with several engineers, and in 1575 gave to the world his

British atlas of thirty-six sheets, which Philip Lea afterwards re-

duced to twelve sheets. John Speed's atlas (Thcalrum) o( Great
Britain was published at Anisteraam in 1610 by Jodocus Hondius.

The first map of Scandinavia (Rcgnorum Aquilonioriim Dcscriptio)

was produced in 1539 by Olaus Magnus, archbishop of Upsala.
Much more accurate was the map drawn by Adrian Veno in 1613,
and engraved by Jodocus Hondius, but the real rcform»r of northern

cartography was Anders Bure (t.irseas, 1571-1646), who surveyed
the several parts of the country. His maps were afterwards pub-
lished in the atlas of the brothers Blacu between 1650 and 1660.

The first new map of Spain and the first of Portugal both
appeared in the same year, 1560, the former being dne to Pedro de

Medina, the latter to Fernando Alvarez Secco.

During all this period there prevailed a remarkable variety in

the determination of the first meridian. Whilst the Spaniards and
Portuguese reckoned from the line of demarcation (370 leagues west

of the Cape Verds) sanctioned by the pope, the Protestant Dutch,
Germans, and English at first went back to Ptolemy, who began at

the Canaries. Mercator, on his globe of the year 1541, chose the

island Forteventura in the Canaries as his starting-point, but he
afterwards adopted Corvo in the Azores, because he there approached
the true indication of the magnetic needle. For the same reason

Ortelius, the younger Mercator, Jansonius, and at first also William
Blaeu fixed on the Isla del Fucgo in the Capo Verd group. Blaeu
afterwards proposed the Peak of Tenerille, and in this he was
followed by all Dutchmen. In the year 1634 Richelieu consulted

Fio. 4.-

tho astronomers Gassendi (1592-1655) and Morin (1683-1656), and
in accordance with their decision Louis XIIL commanded, under

penalty, that all French ships should calculate their longitudes from

the meridian of Ferro, though it was not till tho close of tlie 17th

century that a French expedition determined with accuracy the

relation of the position of Ferro to that of the observatory of Paris.

It was in this way that the Ferro meridian obtained almost uni-

»ersal currency dowji to the 19th century. As in this period it was
still practically impossible to secure precise determinations of longi-

tude, all cartographic representations.were naturally subject to con-

aiJcrable distortions, especially in (Jountries outside of Europe,

9. Period of TmnsUion.—A series of important dis-

coveries and iiivcntiuDS in mathematics, physics, and astro-

nomy having provided tho means of making much more
accurate observations and calculations, there followed as a

matter of course a substantial improvement in cartography.

Of chief moment were the invention of the telescope (1 GOG),

Galileo's discovery of Jupiter's moons (1610) and Cassini's

calculation of their periods of rotation, so important for

determinations of longitude (1G6G), the first application of

trigonometry to geodesy by Snellius (1G15), Picard's

Outhne of Mercator's yova et Aucia Oibis Descriplio, 1569.

measurement of a degree between Paris and Amiens (1C6!)

and 1G70), the French measurement of a degree between

Dunkirk and Perpignan by Cassini and Lahire ( 1683-1 7 1 8),

Hadley's mirror-sextant (1731; according to Newton's idea,

1699), the improvements made on the lunar tables by
Tobias Mayer (1753), and John Harrison's chronometer

(1761). In this way there set in a period of transition in

cartography which lasted till somewhere about 1750, the

results of new investigations and measurements were

gradually turned to account, but, wliile here and there

traditional blunders were corrected and expunged, nothing

essentially new was as yet created.

To tins epoch in Germany belong Johann Baptist Homann,
(1664-1724), whose elegantly engraved maps, jiublished in Nurem.
berg, continued to have a wide sale after his death, Johann Matthias

Haso in Nuremberg {ob. 1743), and the famous Tobias Jlayer

(1723-86), who published in Nuremberg a critical map of Germany.
In France eminence was obtained by Nicolas Sanson (1600-67) of

Abbeville, who from 1627 worked- at Paris as royal geographer,

and issued more than three hundred maps ; and the reputa-

tion of the house was maintained by his sons Nicolas, Adrien, and

XV. — 66
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Gnill. Sanson, wTio woilceJ alone with Hubert JnUlot (1681-1717),
Pierre du Val (1619-?3), and Jean Baptists Nolin (1692) at the
French book of charts, Keptune, fran^ois, 1693, in which for

the first time the new astronomical determinations were tamed
to account. Greater critical acumen was shown by the royal geo-

crapher Guill. de I'lsle (1676-1726), and especially by the talented

Jean Baptiste Bourgignon d'Anville (1697-1782) and his younger
contemporary Philippe Bunche (1700-1773). In this period France
was facile prinaps in earlographic achievements, flnd led the
w^to the next and latest epoch. In England Dowel's Alias
was published at the cost of the duke of Argyll, and in the same year
Aaron Arrowsmith was born {ob. 1826). A beginning of geodetic

labour wa« at this time made in Sweden under Charles XI.,

—

the proceedings being carried on first under the Baron Karl Griep-
euhielm {ob. 1684) and afterwards under Count Dahlherg. For
political reasons, however, the king did not allow the publication of
the map of Sweden; but, the French ambassador D'Avaux having in

1704 got possession of copies, it was engraved at Paris by Do I'lsle.

In Italy P. Vincent Coronelli {ob. 1718) deserves to be mentioned.

10. Tfi£ Period of Trianfiulatious and Geodetic Surveys.

—Up to this point the whole art of map-making had been
treated as a matter of private speculation. It was France
that gave the first example of carrying out the cartographic

survey of the country at the cost of the state. Such
surveys had a double object, one military, to provide the
army with satisfactory maps, and the other administrative,

to furnish a cadastre for the land tax. The military interest

predominated ; consequently the surveys have in almost

all countries been carried out by ofiScers of the general staff,

and the maps are briefly designated as general staff or

ordnance maps. For such a survey tbe whole country is

covered with a network of triangles, and, in order to secure

the most trustworthy basis for the representation, numerous
points are astronomically fixed. In comparison with those

of earlier date the maps thus produced are distinguished

by correctness of detail. In the century between 1750
and 1850 attention was mainly directed to the accurate

rendering of the horizontal development of the face of tbe

country ; but during t'le last thirty years the vertical con-

figuration has also been faithfully represented on topo-

graphical maps of large scale by the introduction of contour

lines. The first example of this also was given by France,

when at Laplace's suggestion (1816) it was determined to

publish a new map of France with curves of altitude. But
owing to the great extent of the country, and the con-

sequent diflSculty and slowness of the undertaking, only

four sheets of this kind were published by 1833. Hanover,
however, followed suit in 1829, Baden in 1833, Hesse in

1840, and so on. Since the middle of last centurj' nearly

all the states of Europe have been active in map-making

;

and prolonged effort has produced rich results. Surveying

and mapping have been followed by the publication of

topographic maps. The states of the Balkan peninsula

alone lag behind ; there no comprehensive survey has been

undertaken at public expense. As a summary of these

great achievements in the larger part of Europe, we append
a chronologicaU table of the most important surveys, with

the date of the publication of the first sheet, the name of

the country, the title of the map, the scale, and the number
of sheets. Outside of Europe there are but few countries

in which a survey based on exact triangulation has been
carried out. The largest areas thus measured are tbe

United States of North America and British India, where
great activity has been shown ; and to these may be added
Asiatic Russia, portions of Australia, portions of the

Dutch possessions in the East Indies, and Algeria. In the

whole of South America there is only one country. Chili,

of which we possess a map based upon a careful survey.

la the second portion of the table consequently some maps
are incloded which are merely the work of private carto-

graphers, and the list mu-st be regarded as tentative.

' Pot COTivenience of comparison the different series for the British

Is?e« are grouped together in the table in the place of the earliest date.

Ltst of Topograph.!/: Maps.

Tear.
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Anstrian. It occnrs in nortlicrn Europe, tlio Caucasus, and

northern Asia. Tho wood is excellent fuel, and makes the best

charcoal. It is compact, of a tine grain, soraetimes beantifuUy

veined, and takes a high polish. Hence it has been celebrated

from antiquity for tables, kc. The wood of the roots is frecjuently

knotted, and valuable for small objects of cabinet work. The
young shoots, being flexiblo and tongh, are employed In France as

whips. A. pseudo-Platanus, L., the sycamore, or great maple, is

a handsome tree of quick growth, with a smooth bark. The leaves

»re large, \vith finely acute and serrated lobes, aflbrding abundant

shade. Its longevity is from one hundred and forty to two hundred

years. It is found in various parts of Europe in wooded mountainous

situations. Tho wood when young is white, but old heart-wood is

yellow or brownish. Like the common maple it is hard and takes

a high polish. It is much prized by wheelwrights, cabinetmakers,

sculptors, &e., on the Continent, while knotted roots are used for in-

laying. Sugar has been obtained from the sap of this as from other

species, the most being one ounce from a quart of sap. The latter has

also been made into wine in the Highlands of Scotland. There are

many varieties, the variegated and cut-leaved being the most notice-

able (see Card. Chroii., 1881, p. 229). For remarkable variations

in the number of cotyledons arising from fusion, see a paper by the

late Trof. J. S. Henslow in J/ajr. Kat. Hist, vol. v. p. 346. A.

Platamides, L., the Norway maple (Loudon, I.e., p. 408; Gard.

Chron., 1881, p. 66J), is met with from Norway to Italy, Greece,

central and south Russia. It was introduced into Britain in 1683.

It is a lofty tree (from 40 to 70 feet), resembling the sycamore, but

with yellow flowers, and more spreading wings to the fruit There

are several varieties. The wood is used for the same purposes as

that of the sycamore. Su^ar has been made from the sap ii>

Norway and Sweden. The leaves of this species, in common with

those of the sycamore especially, and perhaps all others, are liable

to produce houeydew, which appears to be extravasated cell-sap.

The present writer suggests that the starch formed in the leaves

may be rapidly converted into sugar, which is then condensed on

the surface of the leaf under excessive transpiration.

Asiatic Species.—Thirteen species are described by Hiem, chiefly

in the temperate Himalayas {Flor. of Brit. India, p. 692 ; see also

Brandis, For. Fl., IW). The wood of some species is used, as that

of A. Immgatum, Wall., for building; that of A. cxsium. Wall.,

being soft, inferior drinking cups are made of it ; while that of ^.
jiicinm, Thunb., is white, light, and fine-grained.

Japanese Species.— Species, and many varieties, especially of A.
palmatum, Thunb., generally known a.spolymorphum, with variously

laciniated and more or less coloured foliage, have lately been intro-

duced as ornamental shrubs. The original species was introduced

in 1832. The branches and corolla are purple, the fruit woolly.

The foliage of the typical form is bright green with very pointed

lobes. It occurs in the central mountains of Nippon and near

Nagasaki. Beautiful varieties have been introduced under the

names A. P. ampelopsifolium, airopurpureum, dissectum, &c.

They are remarkable for the coppery purple tint that pervades

the leaves and young growths of some of the varieties (for figs.,

see Catalogue of Hardy Trees, &v:., by Messrs Veitch). Of otner

Japane.se species, A. rufinerve, Sieb. and Zucc, with the habit of

the sycamore, from Nippon ; A. distylum, Sieb. and Zucc, bearing

leaves without lobes ; A. diabolicum, B!., with large pl^ne-like

leaves, from Nippon ; and A. carpinifolium, Sieb. and Zucc, with

foliage resembling that of the hornbeams, are especially worthy
of note.

Korth American Species,—A. sacckarinnm, L., the sugar, rock,

or bird's-eye maple, was introduced in 1735. It sometimes attains

to 70 or even over 100 feet, more commonly 50 to 60 feet It is

remarkable for th» whiteness of the bark. The wood is white, but

acquires a rosy tinge after exposure to light. The grain is fine and
close, and when polislied has a silky lustre. The timber is used

instead of oak where the latter is scarce, and is employed for axle-

trees and spokes, as well as for Windsor chairs, &c It e.xhibits

two accidental forms in the arrangement of the fibres, an undulated

one like those of the curled maple (A. ruhrwn), and one of spots

which gives the name bird's-eye to th'. wood of this species. Like

the curled maple, it is used for inlaying mahogany. It is much
prized for bedsteads, writing desks, shoe lasts, &c. The wood
forms excellent fuel and charcoal, while the ashes are rich in

alkaline principles, furnishing a large proportion of the potash

exported from Boston and New York. Sugar is principally ex-

tracted from this species, the sap being boiled and tne syrup
when reduced to a proper consistence run into moulds to form
cakes. Trees growing in low and moist situations afford the most
sap but least sugar. A cold north-west wind, with frosty nights
and sunny days in alternation, tends to incite the flow, which is

more abundant during the day than the night. A thawing night

is said to promote the flow, and it ceases during a south-west wind
and at the approach of a storm ; and so sensitive are the trees to

aspect and climatic variations that the flow of sap on the south and
east side his b;'en noticed to be earlier than on the north and west

tide of the same tree. The average quantity of sap per tree is from

12 to 24 gaHons in a season. Por full details of the preparation,
ic, see Loudon, I.e., p. 413 ; and Gard. Chron. 1878, p. 137.
A. rubrtim, L , the red-flowering or scarlet maple, is a middle-

sized tree, and was introduced in 1656. It is the first tree to blossom
in spring in North America. The wood, like that of other species,
is applicable to many purposes, as for the seats of Windsor chairs,
turnery, &c The grain in very old trees is sometimes undulated,
which suggested the name of curled maple, and gives beautiful
effects of Tight and shade on polished surfaces. The most constant
use of curled maple is for the stocks of fowling pieces and rifles, aa
it afl'ords toughness and strength combined with lightness and
elegance. The inner bark is dusky red. On boiling, it yields a
purple colour which with sulphate of iron affords a black
aye. Tho wood is inferior to tnat of the preceding species ia
strength and as fnel. Sugar wa» made from the sap by the French
Canadians, but the production is only half as great as that from tho
sugar maple (Michaux). In Britain it-is cultivated as an orna-
mental tree, as being conspicuous for its flowers in spring, and for

its red fruit and foliage in autumn. A. maerophyllum, Pursch.,
furnishes material for hats, baskets, mats, kc, from its inner bark,
and the sap gives sugar. A. cireincUum, Pursch., of California,

has a fine, white, tough wood, which takes a good polish.

For description of other species of Korth America, see Gard. Chron., 1881, Indei,
*.r. "Acer"; Sargent's Cat. o/ For. Trees <t/ J/. Amer.; Loudon, /.c, p. 405 j^.;
Gray's Manual of Bol., p. 84.

(fl, H.)

MAR, Eaeldom of. Mar, one of the ancient divisions

or provinces of Scotland, comprised the larger portion of

Aberdeenshire, extending from north cf the Don southwards

to the Mounth. It is remarkable for its association with

the oldest historical dignity of Scotland, or perhaps of any
courtry, which has been perpetuated to our own time.

Donald MacEnun MacCainech, mormaer (hereditary ruler

or steward) of Mar, fought, according to nearly contem-

porary testimony, at the battle, of Clontarf in Ireland ia

1014. Under Anglo-Saxon influences mormaers or great

stewards became earls ; and Euadri, mormaer of Mar,

whose name appears in the Book of Deer, is designed

"Rothri comes " in a charter of Alexander I. of 1114 or

1115. His representative in the latter part of the 12th

century was Gratney, earl of Mar, who married Christian

Bruce, sister of King Robert, a lady famed for her defence

of the chief stronghold of the earldom, Kildrummy Castle,

against David of Strathbogie, earl of Athole, then (1335) in

alliance with the English. Their son, Earl Donald, in his

youth a captive in England, was restored to his country after

Bannockburn. On the landing of Edward Balliol in 1332,

and death of Thomas Randolph, earl of Moray, he was in-

vested with the regency, and the troops hastily assembled

by him to meet the invader suffered a disastrous defeat at

Dupplin, the earl of Mar being himself among the slain.

Earl Thomas, the regent's son, dying without issue in 1377,

his successor was his sister Margaret, countess of Douglas

by marriage. From her the earldom of Mar passed to her

daughter, Isabel Douglas, countess of Mar, whose second

marriage forms a notable episode in Scottish history. Alex-

ander Stewart, natoral son of Alexander, earl of Buchan,

and, according to common belief, the instigator of a
murderous attack on that lady's first husband, stormed the

widowed countess of Mar in Kildrummy Castle in 1404,

compelled her to marry liim, and extorted from her a

charter which, had the king been prevailed on to confirm

it, would have made over the earldom to him and his heirs,

in exclusion of the heirs of his wife. But, weak as wa3
the law north of the Mounth in the reign of Robert IlL,

this outrage was too flagrant to be condoned. The indis-

pensable confirmation was refused by the king ; but a

compromise was effected, by which Isabel voluntarily

accepted Stewart as her husband, and, by a charter which

Robert duly confirmed, gave him a right to the earldom for

life, with remainder, however, to her own heirs. Qua earl

of Mar, the quondam leader of freebooters became a sup-

porter of law and order ; and in 1411, when Donald, lord

of the Isles, was leading his marauding host southwards,

it was under Alexander, earl of Mar, that the lowland

gentry and the burghers of Aberdeen mustered to oppose
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I!j advances. Ths sanguinary battle of Harlaw arrested

ti,? progress o' the Lighlanders, and left Mar master of

the field.

Earl Alexander died in 1435, when the right to the

earldom passed to Isabel's nearest heir, Robert Lord
Erskine (descended from a daughter of Earl Gratney), who
established his right by retour in 1438, and became earl of

Mar. The crown, however, had seized on the valuable

territories of the earldom, of which he could only obtain

partial possession ; and James II. and his advisers, after

temporizing for a length of time, in 1457 reduced Earl

Robert's retour by a collusive " service negative," based on
the plea that, either by the bastardy of Alexander or in

virtue of a resignation by him to James I., the earldom

had lapsed to the crowu, two exjacie worthless pretexts,

inasmuch as Alexander had only been a liferenter. The
wrongful possession of the crown lasted more than a

century, in the course of which time the earldom was twice

temporarily in possession of younger members of the royal

house, and portions of it were given away to favourites

;

whiU its lawful owners, the Erskines, continued loyally to

serve the sovereigns who had usurped their inheritance.

At length, on 23d May 15G5, Queen Mary, made aware
of the wrongs inflicted by her predecessors, and "moved
by. conscience" to make the fullest reparation, granted to

John Lord Erskine a charter restoring the earldom of

which he and his ancestors had been unjustly deprived.

The earl of Mar, thus replaced in his rights, was regent of

Scotland during the last two years of his life ; and his son,

who succeeded him in 1572, and was treasurer to James
VI., recovered by process of law those portions of his

inheritance which had been alienated by the crown during
the period of illegal possession. In the next two genera-

tions the attachment of the family to the Stewarts brought
with it fines and impaired fortunes. John, earl of Mar,
fourth in descent from the treasurer, headed the rebellion

of 1715, and suffered attainder, but escaped abroad and
survived till 1732. His daughter Lady Frances (who
married an Erskine, the younger son of her uncle. Lord
Grange) would, but for the attainder, have inherited his

title ; and what remained of the lands was preserved to

her by arrangement with the commissioners of forfeited

estates. In 1824 her son, John Francis Erskine of Mar,

was, as "grandson and lineal heir" of the attainted earl,

restored by Act of Parliament from the effects of the forfei-

ture.

At the deatli in 1866 of John Francis Miller Erskine, earl of

Mar, grandson of the restored earl, there seemed no room for doubt
that the earldom devolved, in accordance with the rulqof succession
which it had always followed, on his sister's son John Francis
Erskine Goodeve, in preference to his cousin and heir male, the earl

of Kellie. The latter, however, claimed, not indeed the ancient
(tlgnitj, bnt a iepsrate titnlur earldom, supposed to have been
bealorod by Qaceii Mary, not by her chaiter above alluded to, but
by a lost and till then unheard-of patent a few weeks later in date,
and with a different remainder, namely, to heirs male of the body.
The resolution of the committee of privileges of the House of Lords
in 1875, finding Lord Kellie entitled to the earldom thus claimed
by him, lias caused great surprise ; and Scotch lawyers generally,

while disbelisriiig as a question of fact in this creation of 1665, seem
also to hold in point of law that tho resolution alluded to leaves

untouched the right of the heir general to tho ancient historical

honour. Tho same view has been expressed by way of protest by a
large number of tho Scottish peers, and enforced by tho late earl of
Crawfortl in his ably written posthumous work Tht Earldom of
Mar ill Sunshine and Shade.

MABABOUT is a corruption of tho Arabic Mordbif, a
Moslem name for a hermit or a derotco. Primarily the
word is derived from rtbdf, a fortified frontier station. To
such stations pious men betook thoni to wjr. religious

pierit in ivar ,igainst tho infidel ; their leisure was spent

!n devotion, and tho habits of tho convent superseded those

of the camp (seo Dc Slane in Jour. As., 1842, i. 1G8;

Dozy, Suppl., i. 502). Thu.s rihdt came to mean a religious

house or hospice {zdwiyi). The great sphere of the

marabouts is North Africa. There it was that the com-
munity formed by King Yahya and the doctor Abdalla
developed into the conqueriug empire of the ^lorAbits, or, as

Christian writers call them, the Almoeavides {q.v.), and
there still, among tho Berbers, the marabouts enjoy extra-

ordinary influence, being esteemed as living saints and
mediators. They are liberally supported by alms, direct all

popular assemblies, and have a decisive voice in intertribal

quarrels and all matters of consequence. On their death

their sanctity is transferred to their tombs, where chapels are

erected and gifts and prayers ofi'ered. The prominent part

which the marabouts took in the resistance offered to the

French by the Algerian Moslems is well known; and they

have been similarly active in re''ent nolitico-religious

movements in Tunis and Tripoli.

MARACAIBO, a city and seaport of Venezuela, tne

capital of the state of Zulia (formerly Maracaibo), lies

about 25 miles from the sea on the west bank of Laka
Maracaibo, the suburbs presenting, with their cocoa-nut

• roves, a fiue contrast to the background of barren-looking

hills sloping up from the shore to a height of about 200
feet. The streets are laid out at right angle.'? ; the houses

are poor structures of a crude concrete or rubble, strength-

ened by wooden beams ; and even the public buildings

—

such as the churches, the government house, the court-

house, and the theatre—owe their pretentious appearance

to plaster and paint. ^ The water of the lake being brackish,

and the sinking of Artesian wells as yet in the experimental

stage, Maracaibo is dependent on the rains for its drinking

water. The markets are well supplied with provisions

(especially game), and the lower classes, with whom the

plantain forms the statF of life, are able to subsist in a state

of comparative idleness. ^The prosperity of the place is

due to the fact that it forms the outlet for the produce

of a wide region ; aud if the bar at the mouth of tho

lake, preventing the entrance of vessels drawing more
than 10 or 11 feet, were removed Maracaibo would bid

fair to become the chief mercantile centre of the north

coast of South America. ' Coffee, not .of prime quality,

cocoa, and hides are the principal exports at prc:ent,

$4,029,852 oat of the §4,188,017. at which the whole

exports were valued in 1880 being drawn frcm thc:a

items. Steamers ascend the Catatumbo as far as Saa
Buenaventura and Villarnizar and the Escalente to Santa

Cruz, thus tapping tho border provinces of both Venezuela

and Colombia. Bricks and tiles, leather ;ind admirable

saddlery, cocoa-nut oil, sugar, rum, and chocolate are

manufactured in the town. Though the Jesuit College,

which formerly made Maracaibo one of the few real seats

of learning in this part of the world, no longer exists,

means of education are'fairly abundant (a national college,

a nautical school, <fec.); and, although they devote them-

selves mainly to political agitation, the upper classes are

not without culture. Maracaibo was founded by Alonso

Pacheco in 1571. The population, returned in 1873^
21,954, is estimated at 30,000 in 1881.

See Engel, "Maracaibo," in Zcit. d. Ges. Erdk., Berlin, 1870;
and U. S. Consular Heports, 1SS2.

MARAGHA, a town of Persia, province Azerbijan,

37° 20' N., 46° 25' E, G8 mile.=i f.-om Tabriz, 232 north-west

of TehrAn, pleasantly eituated in a long narrow valley

opening towards Lake Urmiah, which lies 10 miles to tho

north-west. The town consists mostly of mud houses

enclosed by a high dilapidated wall, and containing no
conspicuous buildings exccjit a largo bazaar and fine public

bath. NAsir-cd-din's observatory formerly stood on a hill

to the west, where there are some old tombs covered with

Cufic inscriptions. The surrounding gardens and planta-
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tions are watered by canals from a smaii ruer crossed here

by two good bridges built in 1809. At the villdge of

Dash-Kesen, 6 miles from Deh Kurgdn in this district, are

the famoas llarigha marble pits, occupying a space half

a mil* in cironniference, and sank to a depth of about 13

feet. Here a multitude of springs charged with carbonic

acid gaa bubble up in all directions, precipitating large

quantities of carbonate of lime. The marble in the semi-

crystallized formation of this deposit forms horizontal

layers, which when cut in thin slabs arc nearly tran-sparent,

and serve as Trindows in the Tabriz baths and elsewhere.

Larger blocks are also used as pavements in bazaars and
palaces, and the famous throne in the Diwdn KhAna at

Tehrin is made of the same material. MarAgha was

formerly the capital of Hillakii, grandson of Jenghis Kh4n,
and its fifteen-thousand inhabitants still belong mostly to

the Mukadam Turki tribe.

MARANHAO, or Mar.vsham (Latinized as Marag-
nanum), in full form Sao Luiz de MabanhIo, the chief

town of the province of Maranhao in Brazil, is situated in

2° 30' S. lat and 44° 17' W. long., on the west side of an
island of the same name 28 miles long and 15 broad.

Though built on so hilly a surface that carriages cannot

be used, it is laid out with regularity, and has straight,

wide, and clean-looking streets. The public institutions

comprise a naval arsenal, a high court of appeal, a tribunal

of commerce, a military hospital, several general hospitals,

a theatre, a museum, a public library, and a botanic garden,

as well as a cathedral and an episcopal palace, both built

by the Jesuits. JIaranhao has some commercial import-

ance, exporting cotton, sugar, hides, ifcc, from a wide

region of the interior, and receiving manufactured goods

from Europe, and especially from England. Though some-

what difficult of access to large sailing vessels, the port

atl'ords good anchcrage to all drawing less than 20 feet

Steamers ply to Rio do Janeiro and Par.i, as well as up
the rivers Itapicuru, Guajahu, and Pindare ; and direct

steam communication is maintained with Lisbon and
Liverpool. The population of the island Jfaranhao was
34,023 in 1872, about 30,000 belonging to the city.

French colonists settled at St Luiz in 1612, but they were expelled

by Jeronimod'Albaqnerqiie in 161-J. The Dutch were in possession

from 1641 to 1653. The bishopric was created in 1676. The city

was captured in 1 823 by Lord Cochrane, who was afterwards created

marciuis of ilaranham.

iflRAT, jEAJf Paui ;i743-n93), a famous revolution-

ary leader, was the eldest child of Jean Paul Mara of

Cagliari and Louise Cabrol of Geneva, and was born at

IJoudry, in the principality of Neuchatel, on May 24, 1743.

His father was a doctor of some learning, who had aban-

doned his country and his religion, and had married a
Swiss Protestant. It was he that laid the basis of the

young Jean Paul's scientific learning, and the son at the

same time imbibed the doctrines of Rousseau. On his

mother's death in 1759 he set out on his travels, and
spent two years at Bordeaux in the study of medicine,

whence he moved to Paris, where he made use of his

knowledge of his two favourite science.% optics and
electricity, to subdue an obstinate disease of the eyes.

After some years in Paris he went to Holland, the retreat

of philosophers, where all the ^orks of the Encyclopedists

were printed for the French market, and then on to

London, where he settled in Church Street, Soho, a

fashionable district, and practised his profession. In 1773,

at the age of thirty, he made his first appearance as an
author with a Philosophical Euay on Man, leing an
Attempt to Investigate tJte Principles and Laws of the Recip-

rocal Influence of the Soul on the Body, of which only two
volumes are estaut, though at the end of the second

Tolame he speaks of a third. The book shows a wonder-

ful knowledge of English, French German, Iialian, and
Spanish philosophers, and directly attacks Helvetius, who
had in his L'Esprit declared a knowledge of science un-
necessary for a philosopher. Marat, as he now began to

call himself, declares that physiology alone can solve the
problems of the connexion between soul and body, and
proposes the existence of a nervous fluid as the true

solntiaB. la 1774 he published a political work, Tht
Chains of Slavery, which appeared without bis name, and
was intended to influence constituencies to return popular
member.', and reject the king's friends, with innumerable
examples from classical and modem history of the ways in

which kings enslaved their peoples. The book was too

late to have any influence on the general election, and
was got up in a style too costly for a wide circulation, but
its author declared later that it procured him an honorary
membership of the patriotic societies of Carlisle, Berwick,

and Newcastle. He remained devoted to his profession,

and in 1775 published in London a little Esaay on Gleets,

price Is. 6d., of which no copy is to be found, and in

Amsterdam a French translation of the first two volumes
of his Essay on Man. In this year, 1775, he visited Edin-

burgh, and on the recommendation of certain Edinburgh
physicians, was, on June 30, made an M.D. of St Andrews
University. On his return to London he published an
Enquiry into the Nature, Cause, and Cure of a Sinyular

Disease of the Eyes, with a dedication to the Royal Society.

In the same year there appeared the third volume of

the French edition of the Essay on Man, which reached

Femey, and exasperated Voltaire, by- its onslaught on
Helvetius, into a sharp attack, that only made the young
author more conspicuous. His fame as a clever doctor

was now great, and on -June 24, 1777, the Comte d'Artoi*,

afterwards Charles X. of France, " owing to the report he
had heard of the good and moral life, and of the knowledge
and experience in the art of medicine, of J. P. Marat,"

made him by brevet physician to his guards, with 2000
livres a year and allowances.

Marat was soon in great request as a court doctor among
the aristocracy ; and even Brissot, in his Mcmoires, admits

his influence in the scientific world of Paris. The next

years were much occupied with scientific work, especially

the study of heat, light, and electricity, on which he pre-

sented memoirs to the Acadtimie des Sciences, but the

Academicians were horrified at his temerity in differing

from Newton, and, though acknowledging his industry,

would not receive him among them. His experiments

greatly interested Benjamin Franklin, who used to visit

him ; and Goethe always regarded his rejection by the

Academy as a glaring instance of scientific desj)Otism. In

1780 he had published at NeuchStel without his name a

Plan de Legislation Crimhielle, founded on the humane
principles established by Beccaria. In April 1786 he

resigned his conrt appointment. The results of his leisure

were in 1787 a new translation of Newton's Optics, and

in 1 788 his Memoires Academigues, ow Nouvelles Dicouvertes

suT la Lnmih'e.

His scientific life was now over, his political life was to

begin ; in the notoriety of that political life his great

scientific and philosophical knowledge was to be forgotten,

the high position he had given up denied, and he himself

to bo scofi'ed at as an ignorant charlatan, who had sold

quack medicines about the streets of Paris, and been glad

to earn a few sous in the stables of the Comte d'Artois.

In 1788 the notables had met, and advised the assembling

of the states-general. The elections were the cause of a

flood of pamphlets, of which one, Offrande d, la Patrie, was

by Marat, and, though now forgotten, dwelt on much the

same points as the famous brochure of the Abb6 Si^yfes.

When the states-general met, Marat's interest was as great
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as ever, and in June 17S9 he published a supplement to

his Offrmule, followed in July by La Constitvtion, in which

he embodies his idea of a constitution for France, and in

September by his Tableau des Vices de la Coustitittion

d'Angleterre, which he presented to the assembly. The
latter alone deserves remark. The assembly was at this time

full of Anglomaniacs, who desired to establish in France a

constitution exactly similar to that of England. Marat,

who had lived in England, had seen that England was at

this titfie being ruled by an oligarchy using the forms of

liberty, which, while pretending to represent the country,

was really being gradually mastered by the royal power.

His heart was uuw ali ia politics ; and, feeling that his

energies needed a larger scope than occasional tracts

atforded, he decided to start a paper. At first appeared a

single number of the Moniteur patrioiey followed on

September 12 by tbo first number of the Fubliciste

parisien, which on September IG took the title of L'Ami
dn Peuple, and was to absorb his future life.

The life of Marat now becomes part of the history of

the French Eevolution. From the beginning to the end
he stood alone. He was never attached to any party ; the

tone of his mind was to suspect whoever was in power;
and therefore no historian has tried to defend him, and all

state the facts about him with a strong colouring. About
his paper, the incarnation of himself, the first thing to be
said is that the man always meant what he said ; no
poverty, no misery or persecution, could keep hira quiet

;

he was perpetually crying—" nous sommes trahis."

Further, the suspicious tone of his mind extended to his

paper, and he made it play the part of the lion's mouth at

Venice : whoever suspected any one had only to denounce
him to the Ami dii Peuple, and the denounced was never

let alone till he was proved innocent or guilty. He began

by attacking the most powerful bodies in Paris,—the corps

municipal, with Bailly at their head, and the court of the

Chatelet,—and after a struggle found them too strong for

him, and fled to London (January 1790). There lie wrote

his Denonciation conlre AVto% and in May dared to return

to Paris and continue the Ami du Peuple, He was
embittered by persecution, and continued his vehement
attacks against all in power—against Bailly, against La
Payette, and at last, after the day of the Champs du Mars,

against the king himself. All this time ho was hiding in

cellars and sewers, where he was attacked by a horrible

skin disease, tended |ply by the woman Simonne Evrard,

who remained true to him. The end of the constituent

assembly he heard of with joy, and with bright hopes
(soon dashed by the behaviour of the legislative) for the

future, when almost despairing in December 1791 he
fled once more to London, where he wrote his £cole dv-

Citoycn. In April 1792, .summoned again by the Cordeliers,

he returned to Paris, and published No. G27 of the Ami.
The war was now the question, and Marat saw clearly

enough that it was not sought for the sake of France,

that it was to serve the purposes of the royaliits and the

Oirondins, who thought of themselves alone. The early

days (if the war being unsuccessful, the proclamation of the

duke of Brunswick e.vcited all hearts ; who could go to save

France on the frontiers and leave Paris in the hands of his

enemies? Marat, like Danton, foresaw the massacres of

September. After the events of August lOtli he took his

seat at the commune, and demanded a tribunal to try the
royalists in prison. No tribunal was formed, and the

massacres in the prisons were the inevitable result. In the

elections to the convention, Marat was elected seventh out of

the twenty-four deputies for Paris, and for the first time took
his scat in an assembly of the nation. At the declaration of

the republic, he closed his Amidti Peuple, and commenced
a uew paye?, (A>5 /gjirHa/ de In RepuUiqut Franmse, which

was to contain his sentiments as its predecessor had done,
and to be always on the watch. In the assembly Marat had
no party ; he would always suspect and oppose the power-

ful, refuse power for himself. After the battle of Valmy,
Dumouriez was the greatest man in France ; he could

almost have restored the monarchy, yet Marat did not fear

to go uninvited to the tragedian Talma's, and there accuse

Dumourieis in the presence of his friends of want of

patriotism. ' His unpopularity in the assembly was
extreme, yet he insisted on speaking on the question of the

king's trial, declared it unfair to accuse Louis for anything
anterior to his acceptance of the constitution, and, though
implacable towards the king, as (he one man who must die

for the people's good, he would not allow Malesherbes, the

king's counsel, to be attacked in his paper, and speaks of

hira as a "sage et respectable vieillard." The king dead,

the months from January to Jlay were spent in an unre-

lenting struggle between Marat and the Girondins. JIarat

despised the ruling party because they had suffered nothing

for the republic, because they talked too much of their

feelings .and their antique virtue, because they had n>r their

own purposes plunged the country into war; while the

Girondins hated Marat as representative of that rough red

republicauism which would not yield itself to a Roman
republic, with themselves for tribunes, orators, and generals.

The Girondins conquered at first in the convention, and
ordered that JIarat should be tried before the Tribunal

Revolutionnaire. But their victory ruined them, for

Marat was acquitted on April 24, and returned to the con-

vention with the people at his back. Their fall was a

veritable victory for ?ilarat. But it was his last. Tho
skin disease he had contracted in the subterranean haunts

was rapidly closing his life ; he could only ease his pain

by sitting in a warm bath, where he wrote his journal, and

accused the Girondins, who were trying to raise France

against Paris, Sitting thus on the 13th July he heard in

the evening a young woman begging to be admitted to see

him, saying that she brought news from Caen, where the

escaped Girondins were trying to rouse Normandy. He
ordered her to be admitted, asked her the names of the

deputies then at Caen, and, after writing their names, said,

"They shall be soon guillotined," when the young girl,

whose name was Charlotte Corday, stabbed him to the

heart. Grand was the funeral given to the man who had
suffered so much fof tho republic. Whatever his political

ideas, two things shine clearly out of the mass of pre-

judice which has shrouded the name of Marat—that he

was a man of great attainments and acknowledged posi-

tion, who sacrificed fortune, health, life itself, to his con-

victions, and that he was no bele feroce, no factious dema-

gogtie, but a man, and a humane man too, who could not

keep his head cool in stirring times, who was rendered sus-

picious by constant persecution, and who has been regarded

as a personification of murder, because he published every

thought in his mind, while others only vented their anger

and displayed their suspicions in spoken words.

Tho ouly works of Jlarut not nieiUioncJ in tlie text are Lc3

avenliira tin Comte Poloxeski, a poor novel, wliicli must have been

written in liis early days, and which was discovereU in MS. and
published by Uibliophile Jacob ; two brochures on a balloon acci-

iluiit, 1785 ; Lcs Cluirlatans Madcnics, oil, Lcllrcs sur Ic Cliarta-

taiiismaacadimiqni), 1791 ; Lc Junius Franpiis, jounuil ^lolilique,

.Inno 2 to June 24, 1790 ; tr.inslation of CItains of Slavery, with

fifty p.if^s on French history prufixed, year 1.

On Marat's life bhould bo ro.ul L'nmi du pniple, Sldzsen oiu

Mumi's journalislklicit. Lcben, Ilainbuig, lS-t6 ; A. Ijougeart,

Marat, I'ami (III /icupl'-., 2 vols., ISuJ ; G. i'iazzoli, Maral, I'amico

d*l Fopoto t la Jiivoluzionc, Milan, 1874; A. Vermorcl, (Eurra
tie J. P. Mara'., taint du, peupk, rccveillios el annoltes, 1869;

F. Chevrenion', Marat, Jndt.c du Bibliophile, 8:c., 1876; Id.,

I'lacarils de Mural, 1877 ; and (larticularly liis Jean Paul Marat,

enpril fuUdquc, accuiuiwjlli tl^ 5(4w Si:icnliJiqw:,piUtiquc, elprivic,

2 vols.. 1881. (JH.M. S.J
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MARATHON was a plain on the north-east coast of

Attica, containing four villages—Marathon, Probaliuthos,

Tricorythcs, and Oinoe, which formed a tetrapolis. It

wa'~ fllvldfcd from the plain of Athens by I^foimt PeiUolicus

a'„u the hilly district of Diacria, and was in the early period

an autonomous state. After it became incorporated in' the

Attic state, it retained something of its original distinctive

character. The worship of Apollo had its first home in

Attica here, and it was carried hence to Athens when the

tetrapolis was made part of the Athenian corns. . wealth.

The district was one of the chief seats of the worship of

Hercules, and boasted that it was the first place where he

had been worshipped as a god. He ice legend localized

here several events in the story of the Heraclidae, and
especially the self-sacri$ce of Macaria, daughter of

Hercules. The legend of Theseus was also known in the

district ; here the hero slew the Marathonian bull. The
plain derived its fame chiefly from the battle in which

the Athenians and Platsans under Jliltiades defeated

the Persians, 490 B.C. The one hundred and ninety two
Athenians that were slain were buried on the field of battle,

contrary to the usual Attic custom, and a mound, which is

•till called Soro, was erected over them. Another tumulus

covered the bodies of the slain Platjeans and slaves, and a

special monument was raised to Miltiades.

Mh-EBLE is a term applied to any limestone which is

sufljtiently close in texture to admit of being polished.

Many other ornamental stones—such as serpentine,

alabaster, and even granite—are sometimes loosely desig-

nated as marbles, but by accurate writers the term is

invariably restricted to those crystalline and compact
varieties of carbonate of lime which, when polished, are

applicable to purposes of decoration. The crystalline

structure is typically shown iu statuary marble. A
fractured surface of this stone displays a multitude of

sparkling facets, which are the rhombohcdral cleavage-

planes of the component grains. On placing a thin section

of Carrara marble under the microscope, it is seen that

each grain is an imperfect crystal, or crystalloid, of calc-

spar, having an irregular boundary, and being itself made
up of a number of crystalline plates twinned together

(see fig. 5, article Geologt, vol x. p. 231). It is said

tnat a somewhat similar polysynthetic structure may be

artificially induced in calc-spar by means of pressure. As
marble appears to be, in many cases, a metamorphic

rock, it is probable that pressure and heat have been 'he

principal natural agents concerned in the alteration of

compact into crystalline limestones. It was shown many
years ago by Sir James Hall that- even an earthy limestone,

like chalk, when strongly heated in a closed vessel, might

assume a saccharoidal texture ; and it is a fact familiar to

the field-geologist that a crystalline structure is often locally

developed in limestone where it happens to have been

invaded by an eruptive rock. Prof. Geikie proposes to

distinguish this kind of metamorphism by the term mar-

marosis (Text-Booh of Geology, 1882).

Among statuary marbles the first place may be assigned

to the famous Pentelic marble, the material in which

Phidias, ' Praxiteles, and other Greek sculptors executed

their principal works. The characteristics of this stone

are well seen in the Elgin marbles, which were removed
from the Parthenon at Athens, and are now in the British

Museum. The marble was derived from the quarries of

Mount Pentelicus in Attica. The neighbouring mountain

of Hymettus likewise yielded marbles, but these were
neither so pure in colour nor so fine in texture as those of

Pentelicus. Parian marble, another stone much used by
Greek sculptors and architects, was quarried in the isle of

Paros, chiefly at Jlount Marpessa. It is called by ancient

vriters li/ck/iUes, in allusion to the fact that the quarries

were worked by the light of lamps. Tho Venus de' Medici
is a notable example of work in ibis material. Carrara
marble is better known than a"./ of the Greek marbles,
inasmuch as it constitutes the stone invariably employed
by the best sculptors of the present day. This marble
occurs abundantly in the Apuan Alps, an ofl'shoot of the

Apennines, and is largely worked in the neighbourhood of

Carrara, Massa, and Serravezza. Stone from this district

was employed in Rome for architectural purposes in the

time of Augustus, but the finer varieties, adapted to the
needs of the sculptor, were not discovered until some time
later. It is in Carrara marble that the finest works of

Michelangelo and of Canova are executed. The purest

varieties of this stone are of snow-white colour and of lino

saccharoidal texture. Silica is disseminated through some
of the marble, becoming a source of annoyance to the

workman ; while occasionally it separates as beautifully

pellucid crystals of quartz known as Carrara diamond.s.

The geological age of the marbles of the Apuan Alijs has

been a subject of much dispute, some geologists regarding

them as metamorphosed Triassic or even Liassic rocks,

while otliers are disposed to refer them to the Carboni-

ferous system. Much of the common marble is of a bluish

colour, and therefore unfit for statuary purposes ; when
streaked with blue and grey veins, the stone is known as

bardifjlio. Curiously enough, the common white marble

of Tuscany comes to England as Sicilian marble—a name
probably due to its having been formerly re-shipped from

some port in Sicily.

Although crystalline marbles fit for statuary worK are

not found to any extent in Great Britain, the limestones

of the Palseozoic formations yet yield a great variety of

marbles well suited for architectural purposes. The
Devonian rocks of South Devon are rich in handsome
marbles, presenting great diversity of tint and pattern.

Plymouth, Torquay, Ipplepen, Babbacombe, and Chudleigh

may be named as the principal localities. Many of these

limestones owe their beauty to ;he fossil corals which they

contain, and are hence known as madrepore marbles.

Of far greater importance than the marbles of the

Devonian system are those of Carboniferous age. It is

from the Carboniferous or Mountain Limestone that British

marbles are mainly derived. Marbles of this age are

worked in Derbyshire and Yorkshire, in the neighbour-

hood of Bristol, in North Wales, in the Isle of Man, and

in various parts of Ireland. One of the most beautiful of

these stones is the encrinital marble, a material which owes

its peculiarities to the presence of numerous encrinites, or

stone-lilies. These fossils, when cut in various directions,

give a characteristic pattern to the stone. The joints of

the stems and arras are known from their shape as

" wheel-stones," and the rock itself is sometimes called

entrochal marble. Thi. most beautiful varieties are those

in which the calcareous fossils appear as white markings

on a ground of grey limestone. On the Continent a black

marble with small sections of crinoid stems is known as

petit granit, while in Derbyshire a similar rock, crowded

with fragments of minute encrinites. is termed bird's-eye

marble.

Perhaps the most generally useful marbles yielded by the

Carboniferous system are the black varieties, which arc

largely employed for chimney-pieces, vases, and other

ornamental objects. The colour of most black limestone

is due to the presence of bituminous matter, whence the

mineralogical name anthraconite. Such limestone com-

monly emits a fetid odour when struck ; and the colour,

being of organic origin, is discharged on calcination. Black

marbles, more or less dense in colour, are quarried in

various parts of Ireland, especially at Kilkenny and near

Galway ; but the finest kind is obtained from near Ashford

I
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ia Derbyshire. From Ashford is also derived a very

beautiful stone known as rosewood marble. This is a

dense browa laminated limestone, displaying when

polished a handsome pattern somewhat resembling the

grain of rosewood ; it occurs in very limited quantity, and

[-, tised chiefly for inlaid work.

\Yith the rosewood marble may be compared the well-

known landscape marble or Gotham stone, an argillaceous

limestone with peculiar deno.ritic markings, due probably

to the infiltration of water containing oxide of manganese.

This limestone occurs in irregular masses near the base of

the "White Lias, or uppermost division of the Rhstic

series. It is found principally in the neighbourhood of

Bristol. The arborescent forms depicted in bluish-grey

upon this landscape marble form a marked contrast to tha

angular maikiugs of warm brown colour which are seen on

slabs of ruin marble from Florence—a stone occasionally

known also as landscape stone, or pietra paesina.

Eritish lia'estones of Secondary and Tertiary ago are

tiot generally compact enough to be used as marbles, but

some of the slelly beds are employed to a limited extent

for decorative purposes. Ammonito marble is a dark

brown limestoue from the Lower Lias of Stjmersetshire,

crowded with ammonites, principally A. planicostata.

Under the name of Forest marble, geologists recognize a

local division of the Lower Oolitic series, so named by W.
Smith from Wychwood Forest in Osfordshire, where shelly

limestones occur; and these, though of little economic

value, are capable of being used as rough marbles. But

the most important marbles of the Secondary series are

the shelly limestones of the Purbeck formation. Purbeck

marble was a favourite material with mediaeval architects,

who used it freely for slender clustered columns and for

sepulchral monuments. It consists of a mass of the shells

of a fresh-water snail, Paludina carinifera, embedded in a

blue or grey limestone, and is found in the Upper Purbeck

bods of Swanago in Dorsetshire. Excellent examples of

its use may be seen in Westminster Abbey and in the

Temple Church, as well as in the cathedrals of Salisbury,

Winchester, "\A''orcester, and Lincoln. Susses marble is a

very similar stone, occurring in thin beds in the Weald clay,

and consisting largely of the shells of Paludina, principally

P. sussexiensis and P. fluviorum. The altar stones and
the episcopal chair in Canterbury cathedral are of this

material.

Mixtures of limestone and serpentine frequently form
rocks which are sufCciently beautiful to be used as orna-

mental stones, and are generally classed as marbles. Such
serpentinous limestones are included by petrologists under
the term ophicalcite. The famous verde antico is a rock of

this character. Mooa marble is an ophicalcite from the

raetamorphic scries of the Isle of Anglesey, while the " Irish

green " of architects is a similar rock from Connemara in

western Galway. It is notable that some of the " white

marble" of Connemara has been found by Messrs King
and Kowney to consist almost wholly of malacolite, a

silicate of calcium and magnesium.

A beautiful marble has been worked to a limited extent

n the island of Tiree, one of the Hebrides, but the quarry

appears to be now exhausted. This Tiree marble is a
limestone having a delicate carncliau colour dilTused

through it in irregular patches, and containing rounded
crystalloids of sahlite, a green augitic mineral resembling

malacolite in composition. When dissolved in acid the

marble leaves a brick-red powder, which has been studied

by Dr Hcddle, who has also analysed the sahlite.

Many marbles which are prized for the- variegated pat-

terns they display owe these patterns to their formation in

concentric zones,—such marbles being in fact stalagmilic

deposits of carboimta of luue. and uiubably coosi^stiut: in

l.-)-20

many cases of aragonite. One of the most beautiful

stalagmitic rocks is the so-called onys marble of Algeria.

This stone was largely used in the buildings of Carthage
and Rome, but the quarries which yielded it were not

known to modern sculptors until 1849, when M. Delamonta
rediscovered tha marble near Oued-Abdallah. The etono

is a beautifully translucent material, delicately clouded

with yellow and brown, and is greatly prized by French
workmen. Large deposits of a very fine onyx-like marble,

similar to the Algerian stone, have been worked of late

years at T^cali, about 35 miles from the city of Mexico.

Among other stalagmitic marbles, mention maybe made of

the well-known Gibraltar stone, which is often worked into

models of cannon and other ornamental objects. This

stalagmite is much deeper in colour and less translucent

than the onyx marbles of Algeria and Mexico. A richly

tinted stalagmitic stone worked in California is known as

Californian marble. It is worth noting that the "ala-

baster " of the ancients was stalagmitic carbonate of limej

and that this stone is therefore called by mineralogists
" Oriental alabaster " in order to distinguish it from our

modern " alabaster," which is a sulphate, and not a car-

bonate, of lime.

The brown and yellow colours which stalagmitic marbles

usually present are due to the presence of oxide of iron.

This colouring matter gives special characters to certain

stones, such as the gicdlo antico, or antique yellow marble

of the Italian antiquaries. Siena marble is a reddish

mottled stone obtained from the neighbourhood of Sieaa

in Tuscany; and a somewhat similar stone is found in

King's County, Ireland. True red marble is by no means
common, but it does occur, of bright and uniform colour,'

though in very small quantity, in the Carboniferous lime-

stone of Derbyshire and north-east Staffordshire. It may
be noted that the red marble called rosso antico a often

confounded with the porfldo rosso antico, which is really a

red porphyritic felstone.

Fire marble is the name given to a brown shelly lime-

stone containing ammonites and other fossil shells, which
present a brilliant display of iridescent colours, like those

of precious opal. It occurs in rocks of Liassic age at the

lead-mines of Bleiberg in Carinthia, and is worked Into

snuff-boxes and other small objects. By mineralogists it

is often termed lumackella, an Italian name which may,

however, be appropriately applied to any marble wliich

contains small shells.

It would unnecessarily extend this article to enumerate

the local names by which marble-workers in different

countries distinguish the various stones which pass undef

their hands. The quarries of Franco, Belgium, and Italy,'

not to mention less important localities, yield a great

diversity of marbles, and almost each stone bears a distinci

tive name, often of trivial meaning.

America possesses some valuable deposits of marble,

which in the eastern States have been extensively worked.

The crystalline limestones of western New England

furnish an abundance of white and grey marble, while a

beautiful material fit for statuary work has been quarried

near Rutland in Vermont. A grey bird's-eye marble is

obtained from central New York, and the greyish clouded

limestones of Thomaston in Maine have been extensively

quarried. Of the variegated and coloured marbles,

perhaps the most beautiful are those from the northern

part of Vermont, in the neighbourhood of Lake Champlain.

A fine brecciated marble is found on the Maryland side of

the Potomac, below Point of Rocks. Among the principal

localities for black marble may be mentioned Shoreham

in Vermont and Glen«FalIs ia New York. Tn Canada
the crystalline limestones of the Laurentian aeries yiel3

beautiful marbles.
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Turning to India, we find important quarries at Makrana

111 Kajputana—a locality which is said to have yielded the

marble for the famous Taj Mahal at Agra. In ths Talley

of the Nerbudda, near Jabalpur, there is a large develop-

ment of marble. The vfhite marble which is used for the

delicately-pierced screens called jn/ee work is obtained from

near Kaialo, in Ulwar. See Ball's Economic Geology of

India, 1882.
For descriptions of ancient marbles see F. Corsi's treatise DcUe

PuCre antichc ; and for marbles in general consult Professor II nil's

Building and Ornamental Slants, 1872. (F. W. B.*)

MARBLEHE.\D, a town and port of entry of the

United States, in Essex county, Massachusetts, situated on

the coast, 17 miles by rail north-east of Boston, and 4 miles

south-east of Salem, and communicates by two branch

lines with the main line of the Eastern Railway. It is built

on a rocky peninsula of about 3700 acres in extent, which

juts out into Massachusetts Bay, and has a deep, roomy,

and nearly land-locked harbour. The fisheries in which

Marblehead was once largely engaged have declined ; but

shoemaking has become an important industry, and the

town is rising into favour as a summer resort. Many of

the housrs date from the " colonial " period, and one of

the churches was built in 1714, but in the summer of

1877 nearly the whole business part of the town was burnt

to the ground. The population was 7703 in 1870, and

7467 in 1880.

MarWelieaJ was incorporated in 1649. Of the original settlers, a

considerable number were from the Channel Islands, and their

peculiarities of speech continued for a long time to affect the local

dialect. As at that period the second towTi of Massachusetts in

wealth and size, Marblehead sent one thousand men to the War of

Independence, and its privateers rendered excellent service ; but its

trading prosperity never recovered from the effects of the contest.

Elbridge Gerry, vice-president of the United States in 1812, was
horn »t Marblehead ; sad the town is the scene of the grim revenge

celebrated, with considerable poetical licence, in Whittier's S!dppcr

Jreson'a Kich.

MARBURG, an ancient university town of Prussia, in

the province of Hesse-Nassau and district of Cassel, is very

picturesquely situated on the slope of a hill on the right

bank of the Lahn, 50 miles to the north of Frankfort-on-

the-Main, and about the same distance to the south-west

of CasseL On the opposite bank of the river, which is

here spanned by two bridges, lie the suburb of Weiden-

hausen and the station of the Main-Weser Railway. The
streets of the town proper are steep and narrow, and the

general character of the architecture ia quaint and
mediasval. The hill on which the town lies is crowned by

the extensive old schloss, a fine Gothic building, the most

noteworthy parts of which are the rittersaal (see below),

dating from 1277-1320, and the beautiful little chapel.

This chateau was formerly the residence of the landgraves

of Hesse, afterwards serve'd as a prison, and is now the

repository of the historically interesting and valuable

archives of Hesse. • The chief architectural ornament of

Marburg is, however, the Elisabethenkirche, a (veritable

gem of the purest Early Gothic style, erected by the grand

master of the Teutonic Order iu 1235-83, to contain the

tomb of 6t Elizabeth of Hungary. The remains of the

saint were deposited in a rich silver-gilt sarcophagus, which
ia still extant, and were afterwards visited by myriads of

pilgrims, until the Protestant zeal of Landgrave Philip the

Generous caused him to remove the body to some unknown
spot in the church. The church also contains the tombs of

numsrous Hessian landgraves and knights of the Teutonic

Order. The Lutheran church is another good Gothic
edifice, dating mainly from the 15th century. The town-
house, built in 1512, and several fine houses in the

Renaissance style, also deserve mention. The university

of Marburg, founded by Philip the Generous in 1527, was
tlui first uuiversiU jas£ahlish&d without .papal privilege^

iind speedily acquired a great reputation throughout
Protestant Europe. It has a library of 1 40,000 volumes,

and is admirably equipped with medical and other insti-

tutes, which form some of the finest modern buildings in

the town. The number of students is now about seven
hundred. Marburg also possesses a gymnasium, a "real-

schule," au agricultural school, a society of naturalists, a
hospital, a poorhouse, and an extensive lunatic asylum.

It is the seat of a district court, and of superintendents of

the Lutheran and Reformed churches. Jlarburg pottery

is renowned ; and leather, iron wares, and surgical instru-

ments are also manufactured there. The population in

18S0 amounted to 11,225. The environs are very pictur-

esque.

Marburg is first historically mentioned in a document of the
beginning of the 13th century, and received its municipal charter
from Landgrave Louis of Tbuiingis in 1227. On his death it

became the residence of his wife, Elizabeth of Hungary, who built

a hospital tliere and died in 1231, at tlie age of twenty-four, wom
out with works of religion and charity. She was canonized soon
after her death. By 12J7 JIarburg had already become the second
town of Hesse, and iu the 15th and 16th centuries it alternated

with Cassel as tlio seat of the landgraves. In 1529 the famous
conference between Luther and Zwingli on the subject of transub-

stantiation took place there in the rittersaal of the schloss. During
the Thirty Years' aud Seven Years' Wars ilarburg suffered consider-

ably from sieges and famine. In 1S06, and again in 1810, it was
the centre of an abortive rising against the French, ia coiise<iuence

of which the fortifications of the castlo were destroyed.

Several moDogi-aphs have b«en pibllslMd na tin conference and nntverstty of

Mai bin g. A general account of the town, with references to the most tlDportant

of these, Id givca in BUcking a Wegwcisei- durdi Marbvrg, 1S75.

MARBURG, the second town of the Austrian duchy of

Styria, is very picturesquely situated on both banks of the

river Drave, in a plain called the Pettauer-Feld, at the

base of the well-wooded Bachergebirge. It is the seat of

the bishop of Lavant, and of the judicial and administra-

tive authorities of the district, and contains a gymnasium,

a " realschule," an episcopal seminary, a normal school, a

pomological school, a theatre, and three hospitals. The
principal buildiugs are the cathedral, the tower of which

commands a beautiful view, and the old castle. Its situa-

tion in the midst of a fertile vine-growing district, con-

nected by the navigable Drare with Itungary, and by
railway with Vienna, Trieste, the Tyrol, and Carinthia,

makes it the centre of a considerable traffic in wine and
grain. Its industrial products are leather, iron and tin

wares, liqueurs, and sparkling wine, and it also contains

several large cooperages. The extensive workshops of the

South Austrian Railway are situated in the suburb of

Magdalena, on the right bank of the Drave, and give

employment to nearly three thousand hands. With the

exception of a successful resistance to Matthias Corvinua

in 1480-81, the history of the town presents no notable

event. In 1880 Marburg contained 17,628 inhabitants,

including a garrison of 1600 men. The environs abound

in interesting aud picturesque points.

Sec PuiTs llaiulbauk to Marourg, Gratz, 1847.

MARCANTONIO, or, to give him his full name,
Makcantonio Baimondi, is celebrated as the chief Italian

master of the art of engraving in the age of the Renaissance.

The date of his birth is uncertain, nor is there any good
authority for assigning it, as is commonly done, approxi-

mately to the year 1488. He was probably born some years

at least earlier than this, inasmuch as he is mentioned by a

contemporary writer, Achillini, as being an artist of repute

in 1504. His earliest dated plate, illustrating the story

of Pyramus and Thisbe, belongs to the following year, 1505.

Marcantonio received hia training in the worktop of the

famous goldsmith and painter of Bologna, Francesco

Raibolini, usually called Francia. " Having more aptitude

in design," says Vasari, "'than his master, and managing the

VgraTer nrith facility and grace, he made waist-buckles and
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many other things in niello, such being then greatly in

fashion, and made them most beautifully, as being in

truth most excellent in that craft." The real fame, however,

of Marcantonio was destined to be founded on his attain-

ments, not in the goldsmith's art generally, but in that

particular development of it which consists of engraving

designs on metal plates for the purpose of reproducti<jn

by the printing press. This art was not new in Italy in

the days of Marcantonio's apprenticeship. It had been
practised, in a more or less elementary form, for not less

than forty or fifty years in the workshops of both Tuscany
and Lombardy. A. school of engravers had formed itself at

Florence under the inspiration, as it appears, chiefly of

Sandro Botticelli ; in Lombardy the prevailing influence

upon the nascent art had been that of Andrea Mantegna.
But hitherto neither the engravers of Florence nor those

of the Lombaid cities had produced anything comparable
for richness of effect and technical accomplishment to the

work done during the same period on the other side of

the Alps. The aim of tho Italian engravers had not hitherto

been directed, like that of Sohongauer or Diirer, towards

securing such freedom and precision in the use of the

burin as should impart to the impressions taken from their

engraved plates both a striking decorative effect and a
power of suggesting to the eye a complex variety of natural

objects and surfaces in light and shade. The Italian

masters had been satisfied with a much more primitive

order of effects. They had been content to omit all acces-

aories and details except the simplest. They had merely
drawn with the needle, or dry-point, upon the copper, in

just the same way as they were accustomed to draw on
paper with the pen or silver point,—taUing great pains to

get the outlines true aud pure, and indicating shadows
only by means of straight lines rapidly drawn in, or very

simple hatchings.

By the beginning of the 16th century, however, when
Marcantonio began to work at engraving along with the

other pupils of Francia, a desire for a more complicated

kind of effects was already arising among the loiiQi?ers

of the art in Italy. Both backgrounds and passages of

foreground detail were often imitated, inartificially encugh,
from the works of the northern masters. Marcantonio
himself was among tho foremost in carrying out this

movement There exist about eighty engravings which
can be referred to the first five or six years of his

career (1505-11). Their subjects are very various, in-

cluding many of pagan mythology, and some of obscure

allegory, along with those of Christian devotion. The types

of figures and drjipery, and the general character of the

compositions, bespeak for the most part the inspiration, and
sometimes the direct authorship, of that artist as graceful

as ha was grave, Francia. But the influence of Qerman
example is very perceptible also in the work of the young
Marcantonio, particularly in the landscape backgrounds,

and in the endeavour shown by him to express form by
means of light and shadow with greater freedom than had
been hitherto the practice of the southern schools. lu a
few subjects also the figures themselves correspond to a
coarse Teutonic, instead of to the refined Italian, ideal. Bat
80 far wc find Marcantonio only indirectly leaning on the

north for the sake of self-improvement. It must have been
for the sake of commercial profit that he by and by pro-

duced a' series of direct counterfeits of northern work.
We allude to tho celebrated facsimiles engraved by
Marcantonio on copper from Albert ' Diirer's woodcuts.
These facsimiles are sixty-nine in number, including

seventeen of Diirer's Life of tfte Virgin, thirty-seven of his

lAMle Passion on wood, and a number of single pieces.

According to Vosari, Diirer's indignation over those

counterfeits was the cause of his journey to Venice, where

ho is said to have lodged a complaint against Marcantonio,
and induced the signoria to prohibit the counterfeiting of
his monogram, at any rate, upon any future imitations of
the kind. Vasari's account must certainly be mistaken,
inasmuch as Diirer's journey to Venice took place in 1506,
and neither of the two series of woodcuts imitated by
Slarcantonio was published until 1511. The greater part
of the designs for the Life of the Virgin had, it is true, been
made and engraved seven years earlier than the date of
their publication ; and it is to be remarked that, whereas
JIarcantonio's copies of the Little Passion leave out the
monogram of Diirer, it is inserted in his copies of the Life
of the Virgin ; whence it would after all seem possible thiat

he had seen and counterfeited a set of impressions of this

series at the time when they were originally executed, and
before their publication. But the real nature of the
transaction, if transaction there was, which took place
between Diirer and Marcantonio, we cannot now hope to

recover. Enough that the Bolognese engraver evidently
profited, both in money and in education of the hand, by
his work in imitating in a finer material the energetic

characters of these northern woodcuts. He was soon to
come under a totally different influence, and to turn the
experience he had gained to account in interpreting the
work of a master of a quite other stamp. Up till the year
1510 Marcantonio had lived entirely at Bologna, with the

exception, it would appear, of a visit or visits to Venice.

Very soon afterwards he was attracted for good and all

into the circle which surrounded Raphael at Eome.
Where or when ho had first made Raphael's acquaintaaca

is uncertain. His passage to Rome by way of Florence

has been supposed to be marked by an engraving, dated

1510, and known as the Climbers, Les Grimpeurs (Bartsch

487), in which he has reproduced a portion of the design of

Michelangelo's cartoon of the Battle of Anghiari, and has
added behind the figures a landscape imitated from the

then young Dutch engraVer Lucas of Leyden. The
piece in which he is recorded to have first tried his hand
after Raphael himself is the Lucretia (Bartsch 192).

From that time until he disappears in the catastrophe of

1527, Marcantonio was almost exclusively engaged in

reproducing, by means of engraving, the designs of Raphael

or of his immediate pupils. Raphael, the story goes, was
so delighted with the print of the Lucretia that he per-

sonally trained and helped Marcantonio afterwards, adding,

as some think, a touch of his own here and there to the

engraver's work. A print' g establishment was set up
under tho charge of Raphf s colour grinder, II Baviera, and
the profits, in the early .age of the business, were shared

between the engra" r and the printer. The sale

soon became very great
;

pupils gathered round about

Marcantonio, of \tnom the two most distinguished were

Marco Dente, known as Slarco da Ravenna, and Agostino

de' Musi, known as Agostino Veneziano ; and he and they,

during the last ten years of Raphael's life, and for several

years following his death, gave forth a great profusion of

engravings after the master's work,—not copying, in most

instances, his finished paintings, but working up, with the

addition of simple backgrounds and accessories, his first

sketches and trials, which often give the composition in

a different form from the finished work, and are all the

more interesting on that account.

The best of these engravings produced in the workshop

of Marcantonio—those, namely, done by his own hand,

and especially those done during the first few years after

he had attached himself to Raphael—justly count among

the most prized and coveted examples of the art. In them

he enters into the genius of his master, the genius of

choice, of balance, of rhythmical purity and charm; he

loses little of the chastened science and subtle grace of
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Raphaels contours,- or ot the inspired and winning

eentiment of his faces ; wLile in the parts where he is left

to himself—the rounding and shading, the background and

landscape—he manages his burin with all the skill and

freedom which he had gained by the imitation of northern

models, but puts away ths northern emphasis and redund-

ance of detail. His work, however, does not long remain

at the height marked by pieces like the Lucretia, the Dido,

the Judgment of Paris, the Poetry, the Philosophy, or the

first Massacre of the Innocents. Marcantonio's engravings

after the works of Raphael's later years are cold, osten-

tatious, and soulless by comparison. Still more so, as is

natural, were those which he and his pupils produced after

the designs of the degenerate scholars of Eaphael and

Michelangelo, of a Giulio Romano, a Polidoro, or a Bandi-

nelli. Marcantonio's association with Giulio Romano was

the cause of his first great disaster in life. He engraved a

series of obscene designs by that painter in illustration of the

Sonnetti lusstiriosi of Pietro Aretino, and thereby incurred

the anger of Pope Clement VH., at whose order he was
thrown into prison. Marcantonio's ruin was completed by

the calamities attendant on the sack of Rome in 1527. He
had to pay a heavy ransom in order to escape from the

hands of the Spaniards, and fled from Rome, in the words

of Vasari, " all but a beggar." It is said that he took refuge

in Bologna ; but he never again emerges from obscurity,

and all we know with certainty is that in 1534 he was dead.

MARCASITE. Modern mineralogists, following Haid-

inger, have restricted this name to those forms of native

bisulphide of iron which crystallize in the orthorhombic

system, and are sometimes known as "prismatic iron-

pyrites." By the older mineralogists the word was used

with less definite meaning, being applied to all crystallized

and radiated pyrites, whether rhombic or cubic. In the

last century both minerals were extensively used os

ornamental stones. The marcasites we^e generally of small

size, faceted like rose diamonds, and brilliantly polished,

in which form they were mounted in pins, brooches, shoe-

buckles, watch-cases, and other ornamental ©"bjects. The
lustre of the polished surface was so brilUant that the stone,

although opaque, formed a rough substitute for diamond

;

and this lustra was not readily impaired by atmospheric

influences. Much of the old marcasite jewellery is of so

pale a colour as almost to resemble burnished steel ; such

kinds generally belong to the true modern marcasite,

sometimes called "white pyrites"; while the specimens

which possess a brassy yellow colour are mostly referable

to the cubic species, which is distinctively termed pyrite.

Some of the finest pyrites suitable for the jeweller is found

in Elba and in Brazil ; but the mineral enjoys a very wide

geographical distribution, and is common in England,

especially in Cornwall, where it is known to the miners as
" mundic." By the ancient Peruvians the mineral was
extensively used for amulets, while the larger pieces were

polished as mirrors ; hence marcasite is sometimes called

pierre des Incas. The word marcasite, variously written

marckasite, marchesile, marquesite, kc, appears to have

been introduced from Spain, and is supposed to be of Arabic

origin. It is notable that the word was applied by early

writers on chemistry to the metal now called bismuth.

MARCELLINUS, Sr, according to the Liberian

catalogue, became bishop of Rome on June 30, 296; his

predecessor was Caius or Gaius. Of his pontificate virtually

nothing is known. In the Concilia of Mansi and Hardouin
there is an account of a synod alleged to have been held

in 803 at Sinuessa (between Rome and Capua), at which
Marcellinus was accused by three of his priests and two of

his deacons of having accompanied Diocletian into the

temple of Vp^ta and Xsls, and there burnt incense. The

narrative goes on to say that ultimately lie confessed hia
guilt in the presence of the three hundred assembled bishops,

but that his condemnation was left to himself, for " prima
sedes non judicatur a quoquam." It is further stated in

the same account that he and many of the other bishops
were put to death by Diocletian on August 23, 303. The
story of the synod of Sinuessa was current at an early date,

but was condemned by Augustine and Theodoret as a
mere invention of the Donatists. Its fabulous character

is maintained by DoUinger (Papsl/abeln) and by Hefele'

{Coiiciliengescldchte), even against the weighty authority of'

the Breviary, where it constitutes a lesson in one of the

nocturns for April 26, the commemoration day of

Marcellinus. Marcellinus died, according to the Liberian

catalogiie, in 304, after a pontificate of eight years three

months and twenty-five days ; after a considerable interval

he was succeeded by Marcellns, who has sometimes been

identified with him.

MARCELLUS, Maecus Clafdius, Roman warrior, was
born about 268 B.C., and served first in Sicily against

Hamilcar. In his first consulship (222) he was engaged in

the war against the Insubres, and won the spolia opima by
slaying their chief Viridomarus. In 216 he was to have

gone as pnetor to Sicily with a fleet, but was detained on
the news of the defeat at Cann£e. He went to Canusium
and took command of the fragments of the army. He
tried without success to prevent Capua going over to

Hannibal, but saved Nola. In 214 he was in Sicily as

consul at the time of the revolt of Syracuse ; he stormed

Leontini and besieged Syracuse, but the engineering skill

of Archimedes repelled his attacks and compelled him
to content himself with a blockade. Hirailco landed with

a Carthaginian army, and Marcellus failed to prevent

their occupying Agrigentum. Taking the opportunity of

a feast of Artemis, !Marcellu3 stormed Epipolae ; but the

eld town and the island remained untaken, as also the

fort of Euryalus, which was, however, cut oiT and soon

fell. Meanwhile pestilehcs raged among the Carthaginian

army encamped outside. After several months, during

which disorder reigned in the town, he gained a lodgment

by the aid of a Spanish oflScer, and Syracuse was sur-

rendered (212). Marcellus spared the lives of the

Syracusans, but carried off their art treasures to Rome.
Consul again in 210, he took Salapia by help of the Roman
party there, and put to death the Numidian garrison.

Proconsul in 209, he attacked Hannibal near Venusia, and

after a- desperate battle retired to that town; he was

accused of bad generalship, and had to leave the army to

defend himself in Rome. In his last consulship (208),

while both consuls were reconnoitring near Venusia, they

were unexpectedly attacked, and Marcellus was killed.

His successes have probably been exaggerated, but he

was a brave soldier, and the name often given to him, the
" sword of Rome," was well deserved. Though plebeians,

the Marcelli henceforth took a high position ; they were

hereditary patrons of Sicily.

MARCELLUS, M. Claudius, was curule sedile in 56 B.o.

with P. Clodius. In 52 he spoke on behalf of Milo at his

trial In 51 he was consul with Ser. Sulpicius. During

his consulship he proposed to remove Caesar from his army

from March 49. The decision was, however, delayed by
Pompeius's irresolution till February 50, and then the

tribune C. Curio insisted that Pompeius also should vacate

his command; and the senate voted this by a large majority.

But at last, C. Marcellus, cousin of Marcus, and then consul,

went to Pompeius with the two consuls elect, and offered

him the command of the army against Caesar. In January

49 M. Marcellus tried to put off declaring war till an army

could be got ready ; but when Pompeius left Italy Marcus

and Ma brother Caius followed, while his cousin withdrew
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lo Liternum. After Pharsalus JI. Marcellus retired to

Mytilene. He long made no attempt to return, till in 46

tho senate appealed to Caesar. Marcellus accepted this

favour reluctantly. Pressed by Cicero, he left Mytilene

for Italy, but was murdered in Jlay by Magius Cilo in the

. Pirssua. Marcellus was a thorough aristocrat, but free

from the violence which disgraced many of his party.

5IARCELLUS, M. CtAtrDius, son of C. JIarcellus and

Ootavia, sister to Octavianus, was born about 43 B.C.

Octavianus adopted him and made him pontifes and

senator with praetorian rank. In 25 he married Julia,

daughter of Octavianus, and was looked on as his future

successor. Yet in a dangerous illness Augustus gave his

signet to Agrippa. Differences arising, Agrippa was made
proconsul of Syria to separate the rivals. In 23 Marcellus,

while curule redile, fell ill and died at Baise. Livia was

suspected of having poisoned him to get the empire for

Ler son Tiberius. Great hopes had been built on the

youth, and he was celebrated by many writers, especially

by Virgil, in a famous passage in J^Jn. vi.

MAUCELLUS I., pope, succeeded Marcellinus, after a
considerable interval, most probably in May 307 ; under

Maxentius he was banished from Rome in 309 on account

of the tumult caused by the severity of the penances he

had imposed on Christians who had lapsed under the recent

persecution. He died the same year, being succeeded by
Eusebius.

MARCELLUS IL, Marcellus Cervini, cardinal ot Santa

Croce, a native of the Mark of Ancona, was elected pope

in the room of Julius III. on April 9, 1555, but his feeble

constitution succumbed to the fatigues of the conclave, the

exhausting ceremonies connected with his accession, and the

anxieties arising from his high office, on the twenty-first

day after his election. He had a high reputation for

integrity, tact, and ability. His successor was Paul IV.

MARCH, the third month of our modern year, contains

thirty-one days. As in the Eoman year so in the English
ecclesiastical calendar used till 1752 this was the first

month, and the legal year commenced on the 25th of

March. The Romans called this month Martixis, from the

god Mars; and it received the name Illyd Monath, i.e.,

loud or stormy month, from the Anglo-Saxons. In France
March was alsj generally reckoned the first monfh of tho

year until 15G4, when, by an edict of Charles' IX., January
was decreed to be thenceforth the first month. Scotland

followed tho example of France in 1599 ; but in England
tho change did not take place before 1752. There is an
old saying, common to both England and Scotland, which
represents March as borrowing three days from April

;

thus the last three days of March are called the "borrowing"
or the " borrowed days." In the Complaynt of Scotland
we find " the borial blastis of tho thro boroning dais of

Marcho hed chaisset the fragrant flureise of evyrie fruit-

treo far athourt the feildis." An ancient popular rhyme
says :

—

" March borrowit from Averill

Three days, and they were ill
;

"

and then there is another rhyme which graphically

characterizes those three " ill " days in detail :

—

" Tho first, it sail bo wind and weet,
Tho next, it sail bo snaw and sleet

;

Tho third, it sail bo sic a freeze,

Sail gar the birds stick to tho trees."

There is an old proverb, " A bushel of March dust is

worth a king's ransom." Dry weather in March is gene-
rally favourable to the production of grain on clay lands;
and hence a "dusty March" portended a plenteous season

;

while, on the contrary, a " wet March " frequently proved
destructive of both wheat and rye.

3^he principal fixed days now observed and noted iu the

course of this month ore the following :—March Ist, Bt

David ; JIarch 12th, St Gregory ; ]^Iarch 17th, St Patrick;

and JIarch 25th, Lady Day, one of the established quarter-

day.i in England.

JIARCHE, a former province of central France, was
bounded on the N. by Berri, on the N. E. by Bourbonnai.s,

on the E. by Auvergne, on the S. by Limousin, and on the

W. by Angoumois and Poitou, embracing the greater part

of the modern department of Creuse, a considerable portion

of Haute-Vienne, and fragments of Charente and Indre.

It derived its name from the circumstance of its being the

"mark" or boundary between Poitou and Berri; it is

sometimes referred to as Marcho Limousine. It is first

mentioned iu history as a separate fief about the middla

of the 10th century, when the countship of JIarche waJ

committed by Duke William III. of Aquitania to Boso I

count of Limoges and Charroux.

JLARCHENA, a town of Spain, in the province o(

Seville, lies in a sandy valley, not far from the Corbones,

a tributary of the Guadalquivir, about 30 miles east-

sonth-east from Seville. It is a station on the line by

which Seville and Utrera are connected with Osuna and

the Cordova-JIalaga line. Formerly it was surrounded

with walls and towers, of which some traces still remain.

Among the principal buildings is the palace of the dukes

of Arcos (descendants of Ponce de Leon), Tithin the en-

closure of which is an ancient Moorish building, now the

church of Santa Maria de la Mota, with a tower of con-

siderable architectural merit. The ancient parish church

of San Juan, rebuilt in 1490, has five naves. At the

eastern end of the town is a sulphur spring which is a place

of considerable resort for the cure of cutaneous diseases.

The manufactures of the place are unimportant ; there is

some trade in the wheat, barley, olives, oil, and wine pro-

duced in the neighbourhood. The population in 1877 was

13,768. Marcher/a (the Castra Gemina of Pliny?) was
taken from the Moors by St Ferdinand in 1240, and
was presented to Ponce de Leon bv Ferdinand IV. in

1309.

MAECIAN (Marcianus), emperor of the East from 450
to 457, was born in a private station of life in Illjria or

Thrace, about the year 391, and at an early age entered the

army, where after a considerable term of obscurity he
attracted the attention of Ardaburius and subsequently of

Aspar, being made military secretary and a captain in the

guards. He accompanied Aspar in the ill-fated expedition

against Genseric, by whom he was taken prisoner, but soon

released. In 450, having in the meantime become
tribune and senator, he weut through the form of marriage

with Pulcheria, the sister and successor of Theodosius II.,

and was crowned on August 25, In 451 he assembled

the oeeumosica! council of Chalcedon, at which tho proceed'

ings of the " robber-synod " of Ephesus were annulled,

and the Eutychian heresy condemned, a service to ortho-

doxy which has greatly endeared his memory to the minds
of Catholic historians. In 452 his generals Ardaburius

and Maximin respectively gained victories of some import-

ance over the Arabs near Damascus and over the Blemmyes
who had invaded the Thebaid; and after the death of Attila

(453) ho set about the task of repopulating the extensive

tracts which had been devastated by the Huns. He main-

tained the peace of his dominions during the troubles which

convulsed the Western empire in 455 ; and in 456 Ms arms
were free to repress disturbances in Lazica which had been

fomented by the Armenians and Persians. He died in

457, and was succeeded by Leo L
JIARCION AND THE Marcionite Churches. In the

period between 130 and 180 A.K. the varied and compli-

cated Christian fellow.ships in the Roman empire crystallized

into dose and mataally exclusive societies :—churches nith
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fixed constitutions and creeds, scliools with distinctive

esoteric doctrines, associations for worship with peculiar

mysteries, and ascetic sects with special rules of conduct.

Of churchly organizations the most important, next to

Catholicism, was the Jlarcionite community. Like the

catholic church, this body professed to comprehend every-

thing belonging to Christianity. It admitted all believers

without distinction of age, ses, rank, or culture. It was no

mere school for the learned, disclosed no mysteries for the

privileged, but sought to lay the foundation of the Christian

community on the pure gospel, the authentic institutes

of Christ. The pure gospel, however, Marcion found to

be everywhere more or less corrupted and mutilated in the

Christian circles of his time. His undertaking thus

resolved itself into a reformation of Christendom. This

reformation was to deliver Christendom from false Jewish

doctrinesby restoring the Pauline conception of the gospel,

—

Paul being, according to Marcion, the only apostle who

hid rightly understood the new message of salvation as

delivered by fchrist. In Marcion's own view, therefore,

the founding of his church—to which he was first driven

by opposition—amounts to a reformation of Christendom

through a return to the gospel of Christ and to Paul

;

nothing was to be accepted beyond that. This of itself

shows that it is a mistake to reckon Marcion among the

Gnostics. A dualist, ws shall see, he certainly was, but

he was not a Gnostic. For he ascribed salvation, not to

" knowledge " but to '• faith" ; he appealed openly to the

whole Christian world ; and he nowhere consciously added

foreign elements to the revelation given through Christ.

It is true that in many features his Christian system—if

we may use the expression—resembles the so-called Gnostic

systems ; but the first duty of the historian is to point out

what Marcion plainly aimed at ; only in the second place

have we to inquire how far the result corresponded with

those purposes.

The doctrines of Marcion and the history of his churches

from the 2d to the 7th century are known to us from

the controversial works of the catholic fathers. From
Justin downwards, almost every eminent church teacher

takes some notice ot Marcion, while very many write

extensive treatises against him. The most important of

those which have come down to us are the controversial

pieces of Irenjeus (in his great work against heretics),

TertuUian (Adv. Marc, i.-v.), Hippolytus, Pseudo-Origen

Adamantins, Epiphanins, and the Armenian Esnik. From
these works the contents of the Marcionite Gospel, and

also the text of Paul's epistles in Marcion's recension, can

be settled with tolerable accuracy. His opponents, more-

over, have preserved some expressions of his, with ex-

tracts from his principal work ; so that our knowledge of

Marcion's views is in part derived from the best sources.

Marcion was a wealthy shipowner, belonging to Sinope

in Pontus. He appears to have been a convert from

paganism to Christianity, although it was asserted in later

times that his father had been a bishop. That report is

probably as -untrustworthy as another, that he was
excommunicated from the church for seducing a virgin.

What we know for certain is that after the death of

Hyginu." (or c. 139 a.d.) he arrived, in the course of his

travels, at Rome, and made a handsome donation of money
to the local church. Even then, however, the leading

features of his peculiar system must have been already

thought out. At Rome he tried to gain acceptance for them
in the college of presbyters and in the church ; indeed he

had previously made similar attempts in Asia Minor. But
he now encountered such determined opposition from the

majority of the congregation that he found it necessary to

withdraw from the great church and establish in Rome a

community of his owB. This was about the year 144. The

new society increased in the two following decades ; and very
soon numerous sisterchurcjjcs were (lourishing in the east

and west of the empire, iilarcion took up his residence
permanently in Rome, but still undertook journeys for

the propagation of his opinions. In Rome he became
acquainted with the Syrian Gnostic Cerdo, who.se specu-

lations influenced tlie development of the Marcionite
theology. Still ^larcion seems never to have abandoned
his design of gaining over the whole church to his gospel.

The proof of this is found, partly in the fact that he tried to

establish relations with Polycarp of Smyrna,—from whom,
to be sure, he got a sharp rebuff,—partly in a legend to

the effect that towards the end of bis life he sought r'j-

admission to the church. Such, presumably, was the

construction put in after times on his earnest endeavour

to unite Christians on the footing of the "pure gospel."

When he died is not known ; but his death can scarcely

have been much later than the year 165.

The distinctive teaching of Marcion originated in a com-

parison of the Old Testament with the gospel of Christ

and the theology of the apostle Paul. Its motive was not

cosmological or metaphysical, but religious and historical.

In the gospel ho found a God revealed who is goodness

aud love, aud who desires faith and love from men. This

God he could not discover in the Old Testament ; on the

contrary, he saw there the revelations of a just, stern,

jealous, wrathful, and variable god, who requires from his

servants blind obedience, fear and outward righteousness.

Overpowered by the majesty and novelty of the Christian

message of salvation, too conscientious to rest satisfied with

the ordinary attempts at the solution of difficulties, while

yet he was in no position to reach an historical insight into

the relation of Christianity to the Old Testament and to

Judaism—who indeed was so in those days ?—he believed

that he expressed Paul's view by the hypothesis of two
Gods: the just God of the law (the God of the Jews,

who is also the Creator of tb^ world), and the good God,

the Father of Jesus CI:.:., Paradoxes in the history of

religion and. revelation which Paul draws out, and which

Marcion's contemporaries passed by as utterly incomprehen-

sible, are here made the foundation of an ethico-dualistic

conception of history and of religion. It may be said that

in the 2d century only one Cliristian—Marcion—took the

trouble to understand Paul ; but it must be added that he

misunderstood him. The profound reflexions of the

apostle on the radical antithesis of law and gospel, works

and faith,' were not appreciated in the 2d century.

Marcion alone perceived their decisive religious importance,

and with them confronted the legalizing, and in this sense

Judaizing, tendencies of his Christian contemporaries. But
the Pauline ideas lost their truth under his treatment

;

for, when it is denied that the God of redemption is at the

same time the almighty Lord of heaven and earth, the

gospel is turned upside down.

The assumption of two gods necessarily led to cosmo-

logical speculations. Under the influence of Cerdo,

Marcion carried out his ethical dualism in the sphere of

cosmology ; but the fact that his system is not free from

conttadictions is the best proof that all along religious

knowledge, and not philosophical, had the chief value in

his eyes. The main outlines of his teaching are as follows.

Man is, in spirit, soul, and body, a creature of the just and

wrathful god. This god created man from Hyle (matter),'

and imposed on him a strict law. Since no one could

keep this law, the whole human race fell under the curse,

temporal and eternal, of the Demiurge. Then a higher

God, hitherto unknown, and concealed even from the

> On the relation of matter to the Creator Marcion himself seems rot

to have speculated, though his followers may have doae so.
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Demiurge, took pity on the wretched, coudeinaed race of

men. He sent His Son (whom Marcion probably regarded

as a manifestation of the supreme God Hitoself) down to

this earth in order to redeem men. Clothed in' a visionary

body, in the likeness of a man of tliirty years old, the Son
made His appearance in the fifteenth year of Tiberius, and
preached in the synagogue at Capernaum. But none of

the Jewish people understood Him. Even the disciples

whom He chose did not recognize His true nature, but mis-

took Him for the Messiah promised by the Demiurge
through the prophets, who as warrior and king was to

come and set up the Jewish empire. The Demiurge him-
self did not suspect who the stranger was ; nevertheless

he became angry with Him, and, although Jesus had
punctually fulfilled his law, caused Him to be nailed to the

cross. By that act, however, he pronounced his own
doom. For the risen Christ appeared before him in His
glory, and charged him with having acted contrary to his

own law. To make amends for this crime, the Demiurge
liad now to deliver up to the good God the souls of those

who were to be redeemed ; they are, as it were, purchased

from him by the death of Christ. Christ then proceeded

to the underworld to deliver the spirits of the departed.

It was not the Old Testament saints, however, but only

sinners and malefactors who obeyed His summons. Then,

to gain -the living, Christ raised up Paul as His apostle.

He alone understood the gospel, and recognized the

difference between'the just God and the good. Accord-

ingly, he opposed the original apostles with their Judaistic

doctrines, and founded small congregationsof true Christians.

But the preaching of the false Jewish Christians gained the

upper hand; nay, they even falsified the evangelical oracles

and the letters of Paul. Marcion himself was the next

raised up by the good God, to proclaim once more the

true gospel. This he did by setting aside the spurious

gospels, purging the real Gospel (the Gospel of Luke) from

»of<posed Judaizing interpolations, and restoring the true

text of the Pauline epistles. He likewise composed a book,

called the Antitheses, in which he proved the disparity of

the two gods, from a comparison of the Old Testament

with the evangelical writings.

On the basis of these writings Marcion proclaimed the

true Christianity, and founded churches. He taught that

all who put their trust in the good God, and His crucified

Son, renounce their allegiance to the Demiurge, and
approve themselves by good works of love, shall be saved.

But ho taught further—and here we trace the influence of

the current Gnosticism on JIarcion—that only the spirit of

man is saved by the good God ; the body, because material,

perishes. Accordingly his ethics also were thoroughly

dualistiq. By the " works of the Demiurge," which the

Christian is to flee, ho meant the whole " service of the

perishable." The Christian must shun everything sensual,

and especially marriage, and free himself from the body
by strict asceticism. The original ethical contrast of

"good" and "just" is thus transformed into tho cosmo-
logical contrast of " spirit " and " matter." The good God
appears as the god of spirit, the Old Testament god as the

god of matter. That is Gnosticism ; but it is at the same
time illogical. For, since, according to Marcion, the spirit

of man is derived, not from the good, but from the just

God, it is impossible to see why the spiritual sliould yet

be more closely related to the good Ood, than the material.

There is yet another direction in which tho system ends

with a contradiction. According to Marcion, the good
God neverjudges, but everywhere manifests Hisgoodness,

—

is, therefore, not to be feared, but simply to be loved, as a

father. Bnt hero the question occurs, What becomes of

Iho men who do not believe the gospel ? Marcion answers,

^he good 9o^ does uut judge them, but merely removes

them from His presence. Jiien they fall under the power
of th3 Demiurge, who—rewards them for their fidelity 1

No, says Marcion, but on the contrary—punishes them in
his hell ! The contradiction here is palpable ; and at the
same time the antithesis of "just" and "good" ultimately
vanishes. For the Demiurge now appears as an inferior

being, Miho in reality executes the purposes of the good
God. It is plain that dualism here terminates in the
idea of the sole supremacy of the good God.

It is not surprising, therefore, that even in the 2d
century the disciples of Marcion diverged in several

directions. Kigorous asceticism, the rejection of the Old
Testament, and the recognition of the " new God" remained
common to all Marcionites, who, moreover, like the
catholics, lived together in close communities ruled by
bishops and presbyters (although their constitution was
originally very loose, and sought to avoid every appearance
of "legality"). Some, however, accepted three first

principles (the evil, the just, the good) ; others held by
two, but regarded the Demiurge as the god of evil, i.e.,

the devil ; while a third party, like Apelles, the most dis-

tinguished of Marcion's pupils, saw in the Demiurge only
an apostate angel of the good God,—thus returning to

monotheism. The golden age of the Marcionite churches
falls between the years 150 and 250. During that time
they were really dangerous to the great church ; for in fact

they maintained certain genuine Christian ideas, which the
catholic church had forgotten. From the beginning of the

4th century they began to die out in the West ; or rather

they fell a prey to Manichseism. In tlie East also many
Marcionites went over to the Manichaeacs ; but there they

survived much longer. They can be traced down to the

7 th century, and then they seem to vanish. But it wat
unquestionably from Marcionite impulses that the new
sects of the Fauiicians and Bogomiles arose ; and in so far

as the western Katharoi, and the antinomian and anti-

clerical sects of the 13th century are connected with these,

they also may fce included iu the history of Marcionitism.

Literature.—Baur. Die Gnosii, 1835 ; Jloller, Gcschichte der
Kosmolorjic in der griecliischeu Kirche, 1860 ; Lijisius, Gnosticismia,
1860 ; Harnaclc, Zur QuelUnkrilik der Gcsekichte des Gnosticisimis,

1873, and ia the Zeitschrift f. hist. Theol, 1874; Harnack, De
Apcllis gnosi monarchica, 1874 ; Lipsius, Qxtellcit der dltesten

Ketzergeschichle, 1875 ; Mansel, The Gnostie Heresies, ] 875 ; Haruack,
Zur Geschiehte der Marcionitisehe". Kirchen (Hilgenfeld's Zeitschrift,

1876). Of the numerous works on Marcion's Gospel and Apostolos
lists will be found in any introduction to the New Te.st.iment or

history of the canon. The following are the ascertained results of

criticism :—(1) Marcion was the first to make a canonical collection

of New Testament writings ; (2) his Gospel is to be regarded as a

reconstructiou, and not as the basis, of our canonical Gospel of

Luke. (A. HA.)

MA~RCO POLO. See Polo.

MARCUS, the successor of Pope Sylvester L, according

to the Liberian catalogue, had a pontificate of eight months

and twenty days, from January 18 to October 7, 336. Of
his cbaracter or history nothing is recorded.

_
He was sucj

ceeded by Julius I.

M.4RD1N, a town of Turkish Kurdistan, the seat of a'

governor dependent on the pasha of Diarbekir, is situated

in 37° 20' N. lat. and 41° E. long., about 60 miles south,

east of Diarbekir, at a height of 3900 feet above the sea.

Climbing tho southern side of a steep conical hill (of soft

limestone) in such a way that the roofs of the lower tier of

houses serve as a street for those immediately above, Mdrdfn

presents a very picturesque appearance; and on the

summit of tho hill, which affords an unusually wide view

over the Mesopotamian plain, stand the ruins of the famous

castle Kal'ah Shuhb.^ (Maride and Jfarde in Latin, and

similarly in Syriac), which, at least from t-he time of the

Romans, played an important part in tlio histury of this

re((ioi). Tks ^abi«ia geographers characterize it ai
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imprejnible; and, tlie ajprcattes being cxlraordinariry
Bleep, narrow, and well arranged for purposes of defence, it

was able to offer a jr traded resistance to the >[ongolian

conqueror Hulagu, and to the armies of Timur. The castle

was for hundreds of years the residence cf princes more or

less independent. The to^n has not rnurh commerce or

industry, but the surrounding -country is distinguished for

its excellent water and general fertility, and more especially

for its fruit trees and melons. As regards their capacity

and the honesty of their dealings, the people of MArdln do
not enjoy the best reputation. They are estimated to

number from 10,000 to 18,000; in 1870 Professor Socin

was informed in the town that there were 600 Jacobite, 300
Catholic Armenian, 200 Catholic Syrian, 30 Chaldsean, and
57 Protestant families. Among the Jacobites are included
ft few remnants of the old sect called Shemsiye. See Eitter,

ErJkunde von Asieii, 2d cd., vol. vii.

MARGARET of Anjou, who became the queen of

Henry VI. of England, was born at Pont i, Mousson in

Lorraine on the 24 th' March 1429. Her father, " the good
King Eeni," as he was called in later years, did not at the

time of her birth possess any of the pompous titles to

which he afterwards laid claim, but was simply count of

Guise, and younger brother of the existing duke of Anjou.

He had, however, married Isabella; daughter of Charles II.,

dake of Lorraine, and during Margaret's infant years ho

succeeded to two dukedoms, first Lorraine and then Anjou,

mid afterwards • to the crowns of Naj^les, Sicily, and
Jerusalem. Some of these acquisitions, however, were no
more than empty titles. He had a competitor for the

duchy of Lorraine against whom he was unsuccessful in

war, and he was actually a prisoner in the hands of the

duke of Burgundy when the death of Joan II. of Naples

first made him nominally a king. He deputed his wife

Isabella to go to Naples and take possession of his new
kingdom for him, and she took with her while on this

enterprise her second son Louis and her second daughter

Margaret, then in her seventh year. Rend himself obtained

his liberty after a time, and followed his wife to Naples,

but, being defeated by a rival there also, he returned, to

France after more than four years' absence. Before

revisiting Lorraine or Anjou, he spent some time in

Provence, and there received a proposal for the marriage

of Margaret, who had by this time nearly completed her

fourteenth year, from Charles, count of Nevers. It was

accepted, and the contract was actually signed ; but the

marriage was delayed on account of some disputes about

the settlement, and nest year it was set aside for the

more splendid match offered by the king of England.

This was in 1444. The earl, afterwards duke, of

Suffolk, had proposed the match to Henry VI. as a means
of terminating the long war with France, and securing

peace upon a solid basis. Henry fully entered into the

scheme, and was content for so great an object, not only to

accept a bride without a do'wrj-, but to give up to King
Ren^ the provinces of Anjou and Maine. A great embassy

was sent over to France, with Suffolk himself at its head,

to negotiate the matter, and some months later the

marriage was celebrated by prosy at Tours, Suffolk acting

as Henry's representative. In April of the following year,

1445, Margaret crossed the Channel, and was received by
Henry on her landing at Porchester. A few days later,

22d April, they were married in Tichfield Abbey, or, as

pome other authorities say, at Southwick,- and on Sunday

' Most autliorities say the 23d, tut according to the MS. lleures of

Rene, cited in the A'ouvelU Biographie Generate, the day was the 21th.

' Southmck, according to Fabyan, who is followed by Hall and later

writers ; hut William Wyrcestre and the anonymous author of the

English Chronicle edited by Davies for the Camden Society, who are

both strictly cootemporary, say TicliSeld.

MAR
the oOth of Jlay Margaret wai crowned at Wcs.tminster.
Suffolk was now high in favour at court, but the policy
he had pursued of giving up territory for the sake of peace
was not likely to bo generally acceptable in itself, and the
events of the nest few years completed his unpopularity.
War broke out again with France in 1449, and in the
course of a single year the whole of Normandy was lost to

the English. Suffolk was impeached by the Commons,
and the king was persuaded that the best way to protect

him was to order him to -quit the country. But he was
taken and murdered at sea, and for some time the country
was in a state of fearful anarch)". JIargaret's position was
now one that required great tact and delicacy. The king's

marriage was already unpopular, and the fact was soon

manifest that his wife possessed far higher abilities and

I

greater power of governing than himself. This, together

j
with the king's occasional attacks of mental imbecility,

I

was really the great source of her misfortunes. During

, Henry's intervals of sanity it was she who really governed,
I and unfortunately she gave her whole support to the duke

i

of Somerset, whose mismanagement abroad had been the

I

immediate cause of the loss of Normandy. The duke of

I
York vainly endeavoured to procure Somerset's removal,

but he was so protected by the court that the complaints

of his accuser were utterly unheeded, except during the

king's periods of total incapacity, when the lords mads
York protector. Civil war at last broke out, and Scmerset

fell at St Alban's in 1455. Party feeling was bitterly

exasperated, and Margaret, as we learn from a contemporary

French historian, actually instigated an attack on Sandwich

by the French out of hatred to the duke of York. At
length, in 1460, that nobleman openly challenged the

crown as his right and obtained from parliament, with the

consent of Henry himself, a settlement of the succession in

his favour. But at this time Margaret was out of the way.

The king had been taken prisoner the year before by the

Yorkists at the battle of Northampton, and she had sought

refuge in Wales and Scotland along with her only son

Edward, prince of Wales, then seven years old, who vnt

now disinherited. Margaret's friends took up her cause m
the north cf England, and the duke of York, going to meet

them, fell at the battle of Wakefield, 30th December

H60. Margaret naturally endeavoured to improve her

victory by jnarching on to London. But Edward, earl of

March, the duke of York's son, defeated her adherents on

the borders of Wales, while the earl of Warwick with the

king in his custody left London to oppose her. The ill-

disciplined troops that she brought with her from the north

ravaged the country as they went, and made themselves

generally detested. But they overthrew Warwick's forces

at St Alban's (the second battle fought there in this war),

and liberated the king. The earl of March, however, soon

came np and, entered London, where he was proclaimed

king by the name of Edward IV., amid the shouts of the

citizens, who had always been devoted to his father.

Margaret then thought it advisable to withdraw into the

north along with Henry and her son, and Edward and

Warwick pursued them into Yorkshire, where the bloody

battle of Towton (29th March 1461) utterly crushed for

the time the hopes of the house of Lancaster. Henry and

Margaret fled to Scotland, and surrendered Berwick to the

Scots as the price of their assistance. Sfargaret and her

son soon after entered England with a body of Scots, who
besieged Carlisle, but they were driven back by Lord

Montague. Then King Henry accompanied another

invasion into the county of Durham which was equally

unsuccessful. Next year (1462) Margaret sailed from

Kirkcudbright to seek aid in France, and offered the

surrender of Calais to Louis XI. if Louis enabled her

husband to regain his kincdom. Louis gave her twu
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tliousaad men under the command of Pierro de Brdzd, and
%vitb these she made a descent upon Northumberland and
took -Damborough and some other castles, which, however,
were soon after besieged by King Edward's forces, and after

a while recovered. King Edward himself, on hearing of her

landing, hastened into the north, on which Margaret took
ship to sail for France, but meeting with a storm was
driven to land at Berwick and lost all her treasure. On
the total failure of this expedition the well-knowu story is

told by a French writer of her wandering with her son in

a forest where she was attacked by robbers, and appealing

successfully to the loyalty of one of them to save the son
of his king.

Soon after, in April 11G3,' she sailed to Flanders and
sought the aid of Philip of Burgundy, but he declined to

do more than relievo her poverty, and she retired to a

castle in Lorraine, which her father gave her to occupy.

Here Sir John Fortcscue, who accompanied her into exile,

superintended the education of her son, and composed for

his benefit his celebrated treatise on the laws of England.

Hero also she apparently remained while her husband made
further efforts and met with further defeats,—while he lay

concealed, for more than a year, in Lancashire, was taken

prisoner, and committed to the Tower. But in 1470, when
her old enemy the earl of Warwick, having rebelled against

King Edward, sought a refuge in France, Louis XL
induced her, though with great difficulty, to pardon him
and concert measures along with him for her husband's

restoratioa to the throne. The negotiation was cemented
by an agreement for the marriage of her son, the prince of

Wales, to the earl's daughter after the kingdom should bo

recovered, and so successful was the project that Edward
was actually driven into exile, and for a period of six

months Henry was again acknowledged as king. But the

return of King Edward and the battle of Barnet once more
changed the aspect of affairs before Margaret was able to

rejoin her husband, and when she at lengtli landed again

in England she was defeated and taken prisoner at

Tewkesbury. To add to her misery her only son Prince

Edward was butchered after the battle. Four years later,

in 1475, on peace being made between England and
France, she was ransomed by Louis XL, and returned to

her native country. She died at Dampierre near Saumur
in Anjou, on the 25th of August 1482.

Principal Aulhori'.iea.—Bourdigiiij, Clironiqv.es d'Anjou et du
'Maine ; Villeneuve Bargemont, Uistoire dc Jtcni kAnjov, ; William
Wyrcestrc, Annals, edited by Hearno (with Liber Niger Scaccarii);
Fragment relating to Edward JV., cd. Hearno (with Sprotl's
Chronicle); English ClironicU, ed. Davies (Camden Society); Paston
Letters ; liolls of Farliameitt ; Anehicnncs Chronieques d' Engleterrc,
par Jehan de IVavrin, edited by Mile. Dupont ; Lord Clermont's
edition of the Works of Sir Jolm Foiiescue. JIrs Hookham's Life
and Times of Margaret of Anjou (London, 8vo, 1872) is an elabo-
rate and useful work, but not always acciuate and discriminatiDg in
the use of authorities.

MAKQARET op Austota (1480-1530), duchess of
Savoy, and regent of the Netherlands from 1507 to 1530,
was the daughter of the emperor Maximilian and Mary of
Burgundy, and was born at Brussels on January 10, 1480.
In 1482 she was betrothed to Charles, the sou of Louis
XL (afterwards Charles VIIL of France) ; and in 1497 sho
was actually married to the infanto John of Aragon, who
left her a widow a few months afterwards. In 1501 sho
became the wife of Philibcrt IL of Savoy, who only
survived until 1504; and in 1507 sho was entrusted by
Maximilian with the regency of the Netherlands and also

' This is clearly the date ii\teiided by Williain Wyrcestro (p. 40C)
;

nud it asiees cutiicly with Moiistrelet (iii. 9C). Yet almost aU
tiioilcrn historians (except Liugard) aud evcu biographers of Maigurtt
of Anjou date her departure to Flandera after tlio battle of Hcxhanj,
%i wbieh sliQ certamly was not present, m they would have her.

with the charge of his grandson Charles. She died at

Mechlin in 15.30.

M.IRG.VEET OF Austria (1522-1586) duchess of

Parma, and regent of the Netherlands from i559 to 1567,
was a natural daughter of Charles V. by Jlargaret van
Gheenst, a Flemish lady, and was born at Brussels in 1522.
In 1533 she was married to Alexander, duke of Florence;
and, having been left a widow in 1537, she became tli«

wife of Ottavio Farnese, duke of Parma, in 1542. Thd
union proved an unhappy one, and she for the first time

found a sphere for her somewhat masculine abilities in thi

Netherlands, which were entrusted to her care by hci

brother Philip IL of Spain on his departure for tlifl

peniusiila in 1559 (see Holland, vol xii. pp. 74, 75). It

was with much reluctance that she resigned the reins ol

power into the hands of the duke of Alva in 1567 and
retired to Italy. Before her death, which occurred at

Ortona in 1586, sho had the satisfaction of seeing her soa
Alexander Farnese appointed to the government which.

she had occupied some twenty years before.

JLVUGAEET, St, queen of Scotland, born in Hungary
about 1040, was a daughter of Edward the Atheling, son
of Edmund Ironside ; her mother was Agatha, most prob-
ably a niece of Queen Cisela of Hungary and of the

emperor Henry II. She accompanied her father to Eng-
land in 1057, and after the Norman Conquest she was
brought (1068) to Scotland, where sho became the wife of

Malcolm Canmore in the spring of 1069. She survived

her husband, who died in November 1093, by only a fe")7

days (see ScotLjVXd). The chroniclers all agree in depict,

ing Queen Margaret as a strong, pure, noble character, who
had very great influence over her husband, and through

him over Scottish history, especially in its ecclesiastical

aspects. Her religion, which was genuine and intense, was
of the newest Roman style ; and to her are attributed a

number of reforms by which the Church of Scotland was
considerably modified from the insular and primitive type

which down to her time it had exhibited. Among those

expressly mentioned are a change in the manner of observ-

ing Lent, which thenceforward began as elsewhere on Ash
Wednesday and not as previously on the following Monday,
and the abolition of the old practice of observing Saturday

(Sabbath), not Sunday, as the day of rest from labour (see

Skene's Celtic Scotland, book ii. chap. 8). Her sons

Edgar, Alexander, and David successively occupied' the

throne of Scotland ; her elder daughter, Matilda, became
thew'ife of Henry I. of England in 1101. Margaret was

canonized by Innocent IV. in 1251, and by Clement X;

she was made patroness of Scotland. Her festival (semi^^

duplex) is observed by the Roman Church on June 10.

JIARQAEET (1283-1290), known in Scottish history

as the " Maid of Norway," was, through her mother Mar-

garet, who had been married to Eric of Norway, the only

grandchild of Alexander IIL of Scotland, and was born

in Norway in 1283. At the death of her grandfather

(1286), while she was still an infant, Edward I. of Eng-

land arranged for her betrothal to his son, but this policy

was defeated by her early death, which took place, it waa

alleged, in Orkney, as she was on her way to Scotland, in

1290. The circumstances of her death were so obscure

tliat doubts were entertained in some quarters whether she

had not rather been spirited away. About 1300 a woman
presented herself in Leipsio as the long-lost queen of

Scotland; ultimately, however, she was burnt at Bergen 03

an impostor.

MARGARET op Valois. See.MARGUHiiTE.
MARGARITA, an island in the Caribbean Sea, abouti

8 miles off the coast of Venezuela, constituting along with
the lesser islands Blanquilla and Hermanos the new state

of Nueva Esparta. . It has an area of 400 square milea,'

>^^f — 63
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eonsists of two portiona nnited by a, low and narrow
isthmus, is generally mountainous, and attains its greatest

jlevatioa of 4630 feet in Mont Macanao. The pearls from
irhich Margarita takes its name, and which proved a con-

liderable source of wealth in the 16th and 17th centuries,

ue no longer sought after ; but the ordinary fisheries are

ictively prosecuted, and since the War of Independence,

igriculture, trade, and industry have all greatly improved,

fompatar is the ordy harbour, Pueblo del Norte and Pueblo
ie la Mar being rather open roadsteads. Asuncion, the

ehief town, contains about 3000 inhabitants. The popula-

tion of the island was 16,200 in 1807 (about 8000 being

whites), and that of the state 30,983 in 1873.

Discovered by Columbus in 1498, irargarita was in 1521 bestowed
by Charles V. on Marceto Villalobos. . In 1561 it was ravaged by
liOpez-de Aguirre, a notorious freebooter, and in 1662 the town of

Pompatar was destroyed by the Dutch. Long included in the
government of Cumana, llargarita attained administrative inde-

pendence only in the ISth century. In the War of Independence
(he inhabitants made an effective stand against MnriUo ; and to

this they owe the honour of having theil island erected into the
ftate of New Sparta.

MARGARITA, St, virgin and martyr, is celebrated by
the Church of Rome on July 20, but her feast formerly

fell on the 13th, and her story is almost identical, even in

the proper names, with that of the Greek St Marina (July

17). She was of Antioch (in the Greek story Antioch" of

Pisidia), daughter of a priest .^Edeslus. She lived in the

country with a foster mother, scorned by her father for her

Christian faith, and keeping sheep. Olybrius the"praese3

Orientis" sees her and offers his hand as the price of

renunciation of Christianity. Her refusal leads to her

being cruelly tortured, and after various miraculous in-

cidents, in which a heavenly dove plays a prominent part,

she is put to death. Women prayed to St Margarita

for easy deliverance. It has been shown by H. Usener
{Legenden der heiligen Pelagia, Bonn, 1879) that this

legend belongs to a group of curious narratives which all

have their root in a transformation of the Semitic Aphrodite

into a Christian penitent or saint. Of these legends that

of St Pelagia {q-v.) is perhaps the most important.

Marina is a translation of Pslagia, and both are epithets

of Aphrodite as she was worshipped on the coasts of the

Levant. Pelagia in the legend has ilargarito as her second

name. The association of the marine goddess vrith the

pearl is obvious, and the images of Aphrodite were decked
with these jewels.

MARGATE, a municipal boroagh, market-town, and
watering-place of Kent, England, is situated in the Isle of

I'banet, 4 miles west of North Foreland, and by rail 90
miles east of London, with which it has also in summer
daily steam communication by water. The streets of the

town are regular and spacious, and there are many good
villas in the suburbs. There is a marine terrace 2500 feet

in length, parallel to which there is an esplanade. The pier,

900 feet long, was constructed byjlennie in 1 810. A land-

ing-place permitting the approach of vessels at all tides

was constructed in 1854, and enlarged in 1876. The
church of St John the Baptist, founded in 1050, contains

some portions of Norman architecture, the remainder being

Decorated and Late Perpendfcidar. It possesses several

fine brasses and monuments. Among the other public

buildings, are the new town-hall, the market, the assembly
rooms, the deaf and dumb asylum, and the royal sea-bathing

infirmary, which Las lately been much enlarged through
the munificence of Sir Erasmus Wilson. The old name of

Margate was Meregate, the entrance to the sea. Previous

to the last century it was only a fishing village with a small

coasting trade, but since then, owing principally to its fine

stretch of sand, it has been steadily rising into favour as a
VStering-pIace, and is now one of the most favourite resorts

of the middle classes of London. It received municipal
privileges in 1857. The population of the municipal
borough (384 acres) in 1871 was 11,995, and in 1881 it;

was 15,889

MARGHILiVN, Baber's Maeghinan, 40" 28' N. lat,
71° 45' E. long., now the administrative centre of th&
Russian province of Ferghana ({.w.), a very old town,

with high earthen walls and twelve gates, commanded by
the fort of Yar Mazar, lies in a beautiful and extra-

ordinarily fertile district of the same name, irrigated by-

canals from the Shahimardan river. The heat in summer
is excessive. Population about 40,000, chiefly Usbeg.
The principal industry is the production and manufactura
of silk ; camels' hair and woollen fabrics are also made.
The new Russian town, planned by General Skobclefl, is

15 versts distant.

MARGUERITE de Valois. The name 5iarguerite was
common in the Yalois dynasty, and during the 16th century

there were three princesses, all of whom figure in the

political as well as in the literary history of the time, and
who have been not nnfrequently confounded. The first and
last are the most important, but all deserve some account.

I. Maeguebite D'ANGotTLiLME (1492-1549). This, the

most celebrated of the Marguerites, bore no less than fonr

surnames. By family she was entitled to the name of

Marguerite de Valois; as the daughter of the Count
d'Angouleme she is more properly and by carefid writers

almost invariably, called Marguerite dAngouleme. Froia

her first hilsband she took during no small part of her lifa

the appellation Marguerite d'Alengon, and from her second,

Henri dAlbret, king of Navarre, that of ilarguerite d©
Navarre. She was bom at Angonleme on the 12th April

1492, and was two years older than her brother Francis I.

She was betrothed early to Charles, Duke d'Alen^on, and
married him in 1509. She was not very fortunate in this

first marriage, but her brother's accession to the throne

made her, with their mother Louise of Savoy, the most
powerful woman of the kingdom. She became a widow in

1525, and was sought in marriage by many persons of

distinction, including, it is said, Charles V. and Henry
VIII. tn 1527 she married Henri d'Albret, titular king

of Navarre, who was considerably younger than herself,

and whose character was not faultless, but who seems on
the whole, despite slander, to have -both loved and valued

his wife. Navarre was not reconquered for the couple as

Francis had promised, but ample apanages were assigned

to Marguerite, and at N(5rac and Pan miniature courts were

kept up, which yielded to none in Europe in the intellectual

brilliancy of their frequenters.. Marguerite was at once

'one of the chief patronesses of letters that France possessed,

and the chief refuge and defender of advocates of the

Reformed doctrines. Round her gathered Marot, Bonaven-

ture Desperiers, Denisot, Peletier, Brodeau, and manyothei

men of letters, while she protected Rabelais, Dolet, Ac.

For a time her influence with her brother was effectual, but

latterly political rather than religions' considerations made
him discourage Lutheranism, and a fierce persecution was

begun against both Protestants and freethinkers, a persecu-

tion which drove De-speriers to suicide and brought Dolet

to the stake. Marguerite herself, however, was protected

by her brother, and her personal inclinations seem to have

been rather towards a mystical pietism than towards

dogmatic Protestant sentiments.' Nevertheless bigotry and

the desire to tarnish the reputation of women of letters

have led to the bringing of odious accusations 'against hef

character, for which there is not the smallest foundation.

Marguerite died in 1549. By her first htisband she had

no children, by her second a son who died in infancy, and

a daughter, Jeanne d'Albret, who became' the mother of

Henry IV. Although the poets of the time are unwearied
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m CPlebratiug her cbarms, sde does not, nom the portraits

which exist, appear to have been regularly beautiful, but ag

to her sweetness of dispositioa asd strength of mind there

is universal consent.

Her literary work has not yet been given entirely to the world,

but tho printed portion of it makes her a considerable figure in

French literature, It consists of tho UcpUiiucron, of poems
ontitleJ Les Mnrgncrilcs dc la Arargucritc dcs Princesses, and of

Letters. The Hcptameron, constructed as its name indicates on tho

lines ofthe Decameron of Boccaccio, consists of seventy-two short

stories told to each other by a company of ladies and gentlemen
who are stopped in the journey homewards from Cautcrets by tho

swellinf; of a river. It was not printed till 1558, ten years after

the autlior's death. Internal evidence is strongly in favour of /^
Iwving been a joint work, in which more than one of the men of

letters who composed Marguerite's household took part. It is a
delightful book, and strongly characteristic of the French Ecnais-

san^'e. Tiie sensuality which characterized the period appears in

it, but in a less coarse form than in the great work of Rabelais

:

and there is a poetical spirit which, except in rare instances, is

absent from PantagrwA. The LcUei's are intei-esting and good.

The J^rt7'/7ucnVw consist of a very miscellaneous collection of poems,
mysteries,, farces, devotional poems of considerable length, spiritual

and miscellaneous song"!, kc. Other poems, said to be of equal

merit, are still unprinted, or have appeared only in part.

n. The second Marguerite (1523-1574), daughter of

Francis I., married the duke of Savoy in 1559. She is

noteworthy as having given the chief impulse at the

court of her brother Henry II. to the first efforts of the

Pl^wde.

III. The third Marguerite (1553-1615), called more
particularly Marguerite de Valois, was great-niece of the

first and niece of the second, being daughter of Henry II.

by Catherine de'Medici. She was born in 1 553. When very

young she became famous for her beauty, her learning, and
the looseness of her conduct. She was married to Henry
of Navarre, afterwards Henry IV., on the eve of St

Bartholomew's Day. Both husband and wife were extreme

examples of the licentious manners of the time, but they

not unfrequently lived together for considerable periods,

and nearly always on good terms. Later, however,

Marguerite was established i*-, the castle of Ussoo in

Auvergne, and after the accession of Henry the marriage
was dissolved by tlie pope. But Henry and ilarguerite

still continued friends ; she still bore the title of queen ; she

visited Marie de' Jledici on . equal terms ; and the king
frequently consulted her on important affairs, though his

somewhat parsimonious spirit was grieved by her extra

vaganco. Marguerite exhibited during tho rest of her life,

which WE8 not a short one, tho strange Valoia mixture of

licentiousness, pious e.tercises, and the cultivation of art

afld letters, and died in 1615. She left letters and
memoirs, the latter of which are admirably written, and
rank among the best of the 16th century. She is the
" Keine Margot " of anecdotic history and romanca
The best editions of the works of Marguerite d'Angoulemc are—of

the Heptaincron, that of Leronx de Lincy, 3 vols., Paris, 1855 ; of
the Letters, that of Gcnin, Paris, 2 vols., 1842-4.3; and of the
StnnimrUcs, that of Frank, Paris, 4 vols., 1873 ; the Hcptamermi
is also obtainable in several cheap editions. The Mimoirtis of
Marguerite de Valois are contained in tlio collection of. itiicbaud
and Poujoulat, and have been nublishcd separately by Cuessard,
Lalanne, Cabochc, 5ic. (G. SA.)

MARIA THERESA (1717-1780), archduchess of

Austria, queen of Hungary and Bohemia, and empress of
Germany, was the daughter of the emperor Charles VI. of

Austria, by his wife Elizabeth Christina of BraDswick-
Wolfenbiittel, and was born in Vienna on Jlay 13, 1717.
By the Pragmatic Sanction of 1713, a settlement which
was guaranteed by tho principal states of Europe, her
father had regulated the succession in the imperial family

;

and in 1724 accordingly, after tho death of the archduke
Leopold, her only brother, she was publicly declared sole

heiress of tho Austrian dominions. In 1736 she married
Francis btephcn of Lorraine, who in the following year

became grand-duKe of Tuscany ; and on October 20, 1740,
she came to the throne, her husband (emperor iu 1745)
being declared co-regent. The events of her reign have
been briefly summarized under Apstria (vol. iii p. 1 27-

129) and Hungary (xii. 370). She died at Vienna on
November 29, 1780. Of sixteen children whom she bore

to Francis, ten reached maturity. Her sons were Joseph
II., who succeeded his father as Holy Roman emperor in

1765; Leopold, grand-duke of Tuscany, afterwards the

emperor Leopold II. ; Ferdinand, duke of Modena; and
Maximilian, elector of Cologne. Of her daughters the

best-known is Marie Antoinette, the wife of Louis XVI.
of France.

MARIANA, Joan de (1536-1624), a celebrated Spanish
historian, was born of obscure parentage at Talavera de la

Rcina in 1536. He studied at the university of Alcal^ ^nd
was admitted at the ageof seventeen into the Society of Jesus,

where he soon attracted notice by his brilliant talents and
extensive acquirements. Called to the Collegium Romanum
in 1561, ho there professed theology four years, and
reckoned among his pupils Robert Bellarmine, afterwards

the famous cardinal He then passed into Sicily, where ho
remained for about two years, and in 1569 he was sent to

Paris, where his expositions of the writings of Aquinas
attracted large audiences. In 1574 the decline of his

health compelled him to give up teaching, and he obtained
permission to return to Spain ; the rest of his life was
passed at the Jesuits' house in Toledo, in a vigorous literary

activity which was interrupted only by the molestations to

which his too great independence, liberality,' and candour
exposed him. He died on February 17, 1624.
His great work, Sistorisc de, Rebus Hispanix, first appeared in

twenty books at Toledo in 1592 ; ten books were subsequently added
(1C05), bringing the work down to tlie accession of Charles V., and
in a still later abstract of events the author completed it to the
accession of Philip IV. iu 1621. It was so well received that
Mariana was induced to translate it into Spanish. The first part
of tliis iu some respects new work {//isioria dc Espnna) appeared
in 1601 ; it was completed in 1609, and much enlarged and improved
in three subsequent editions which appeared during the translator's
lifetime. It has been frequently reprinted since 1C24, both in
Latin end in Spanish ; and an English translation by J. Stevens
appeared in 1699. Mariana's History is justly esteemed for tho
extent of the author's researches, for the general accuracy of his
acquaintance with the materials at his command, for the sagacity
of his reflexions and characterizations, and above all for the merit
of his style, which, in its simplicity, vividness, and dijectncss,
has deservedly been compared to that of Livy. "Tho modern
student may regret but can hardly blame the credulity with
which in too njany cases he has without the least attempt at his-
torical criticism adopted the " received traditions of his country."
Of the other works of Mariana, the most interestiirg is his treatise
Dc Rcqe cl Regis Institutione, of which the first edition, dedicated
to Philip III., appeared at Toledo in 1599. In its sixth chapter ths
question whether it is lawful to overthrow a tyrant is freely dis-
cussed and answered in the affirmative,—a circumstance which
brought much jiopular odium upon the Jesuits, especially after the
assassination of Henry IV. of France in 1610. See Bayle's
Dictionnuire and Hallam's Literary UisUyry, part ii. chap. iv. A
volume entitled TraetaLus VII. Theojogici H Hislorici, published
by Mari.ana at Cologne in 1609, containing in particular a tr.act "On
Mortality and Immortality," and another •' De Mutatione Slonctse,"
was put upon the Index Kxpurgatorius, and led to the confinement
and punishment of its author by tho Inquisition. During his con-
finement there was found among his papers a criticism upon the
Jesuits (De las Enfennedadcs de la Compania de Jesus y de stia

Ilcmcdios), which was believed to have been written by him. It
was not printed until after his death (1625).

MARTAZELL, a village in the duchy of Styria, Austria,
with about 1200 inhabitants, is very picturesquely situated
in the valley of the Salza, amid the Styrian Alps. Its
entire claim to notice lies in the fact that it is the most
frequented sanctuary in Austria, being visited annually by
about 100,000 pilgrims. Tho object of veneration is a
miracle-working image of the Virgin, carved in lime-tree
wood, and about 18 inches hi-h. This was presented to
the j.lace in 1157, and is now reverently enshrined in a
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chapel lavisLly adorned with objects of silver and other

costly materials. The large church of which the chapel

forms part was erected in 1644 as an expansion of a

smaller church built in 13G3 by Louis I, king of Hungary,

after a victory over tho Turks. It possesses four lofty

towers. In the immediate vicinity of JIariazell there is a

very large and important iron foundry, formerly worked

by Government, but now leased to a company.

UfARIE ANTOINETTE, Josephe Jeanne (1755-

1793), queen of France, was the fourth daughter of Maria

Theresa and the emperor Francis I., and was born on the

2d November 1755, on the day of the great earthquake

at Lisbon, and in the year in which the hereditary policy

of enmity between the houses of France and Austria was
changed to an alliance between them. From her earliest

years she was destined by her mother to sustain this

alliance, and was educated, with a view to a marriage with

(t French prince, by the Abb6 de Vermond, who was to

Lave a great influence on her future life. In 1770 Choiseul

negotiated her marriage to the young dauphin, which took

place on May 16 with the greatest pomp, but which was
Boon overshadowed by a terrible accident in Paris at the

fete given in honour of the marriage. The dauphine soon

found her position very difficult ; she was but fourteen, and
was intended by her mother to support the Austrian

alliance and Choiseul at the court of France. This use of

her daughters' for political purposes has been recently denied

by Von Arneth, the able editor of Maria Theresa's letters

;

but a consideration of the letters themselves confirms the

idea, which was at the bottom of Marie Antoinette's un-

popularity in France, that she was only an Austrian spy in

p, high position. She had hardly arrived at Paris, when
her friend and the friend of the Austrian alliance, Choiseul,

fras dismissed from the ministry, and she was left alone to

Etce'r a difficult course by the advice of the Austrian minis-

ter, the Count de Mercy-Argenteau, whose reports of her

daily doings to Maria Theresa have been published. In

May 1774 Louis XV. died, and Marie Antoinette became
queen of France. Through the first years of her reign

she played a very important political part, but, except, as

in the cases of Poland and the Bavarian succession, when
her mother pressed her to maintain the alliance, she chiefly

exerted her influence with regard to individuals, not to

measures or policies. Thus she effected the dismissal of

Turgot, and, by the Abb^ de Vermond's advice, the

entnmons of Lom^nie de Brienne to the ministry, not from

political but from personal motives, and obtained enormous
presents for her intimate friends without thinking that they

were interested in her for selfish motives of their own.

jThis political role of hers, which was more than suspected,

made her intensely unpopular to the French people, and
this feeling was increased by her social mistakes. Her
extravagance in dress and her passion for the card-table had
greatly incensed and disgusted her mother ; and, when her

mother's death removed her only frank and bold adviser,

Bhe became more extravagant and more frivolous than

ever Her passion for play, her love of amusement, her

intimacy with the Polignacs and their wild and dissi-

pated society, lier night visits to masked balls in Paris,

and her favours to many officers of her guards and young
foreigners at her court were the subject of ribald con-

versation in every coterie of Paris. The scandal of the

diamond necklace, in which the queen was not to blame,

spread her name with infamy all over France as if she had
been guilty ; and among the people her extravagance was
regarded a« a potent cause of their poverty and want. Such
was her unpopularity when the states-general met in May
1789; she was believed to be debauched and dissipated,

when her real faults were that she was frivolous and

.careless of public opinion, Austrian at heart, though queen

of France, and opposea to Necker as she had been to
Turgot, and to all tlie reforms and economies her husband,
Eouhommc Louis, was willing to institute. • From July
14 onward JIario Antomette headed the parly of reaction
and armed opposition to the Revolution, and became
unwittingly the means of her husband's unji'jpularity and
downfall ; for she always had influence enough to prevent
his carrying out the frank, honest policy of reform which
he desired, but not enough to make him adopt hers in its

stead, and is to blame for his vacillations in decisive

moments. Left to himself, Louis would, from the begin-
ning of his reign, have been a reforming king like Charles
HI. of Spain, and the great outbreak might have passed
over. To trace her policy minutely from 1789 to 1793 ia

made very difficult by the numerous pretended letters of

hers which have been published, and till recently believed

in. She inspired the collection of foreign troops round
Paris, contrary to the king's opinion, and thus brought on
the taking of the Bastille. She was present at the banquet
at Versailles which caused the march of the women to

Versailles and the transference of the royal family to Paris.

When there, she still looked forward to undoing all that

had been done, and would never frankly recognize her

position. When brought into negotiation with 5lirabeau,

she refused to trust him or deal frankly with him. Had
she done so, she would probably have established a strong

constitutional government, but she would not have been
the self-willed Marie Antoinette. He advised her to go
with the king and royal family to some provincial capital,

declare the royal adherence to all the early acts of the

assembly, but declare also that its later acts were passed

under constraint, and were null and void ; but she must not

do two things—she must not fly towards the frontier, else

she would be suspected of seeking foreign aid, and she

must not depend on the army but the people. She would
not act while Mirabeaa was alive,—she was too independent

to act by any one's advice ; but when he was dead she did

what he had advised her not to do, fled towards the frontier,

and to BouilM's army. The royal family were stopped at

Varennes, and brought back to Paris, but from that time

were regarded as traitors to France. She had yet two
more chances. She might have thrown herself into the

hands of Barnave, Duport, and the constitutional party of

the constituent assembly, who were ready to rally round
their constitutional king, but she would not trust them or

take their advice, When she was at the end of her power,

when the Tuileries had been stormed, and she was in

prison, end the republic proclaimed, Dumouriez was ready,

after his victory of Valmy, to turn his army on Paris,

dissolve the Jacobins, and re-establish the old constitution,

but she would not trust him. It was her last chance.

When once the republic was proclaimed, it was evident

that Louis must die both to cement its foundations and to

remove a dangerous centre of reaction ; and in January

1793 Marie Antoinette became a widow, never to the last

recognizing that she had sacrificed her husband to her

obstinacy and self-will. Harrowing descriptions have been

given of her treatment in prison during the few remaining

months of her life, but, though she was separated from her,

children, she had every material comfort, no less a sum
than 1110 livres being spent on her food alone between

August and October, at the rate of 15 livres a day. At

last her trial came on,—a mock trial indeed, as all those of

the time, for her execution was determined before she came

before the tribunal. Much has been said of the shameful

charges made against her; but, shameful as they were, they

were based on a confession made by her son, which, though

probably forced from him and utterly false, was yet put ia

evidence. The trial was soon over, and on tbe_Bame day,

-October 16, 1793, she was guillotined.
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It is lianl 10 siical< of Jlaiic Antoiiiotte with justico ; her f.uilts

irerc caused by hci' eJ.icatioii and position rntlicr than her nature,

and she exipiated thcui far more bitterly than iviis deserved. She
was thoroughly imbued with the imperial and absolutist ideas of

JIaria Tlieresa, and had neither the hoart nor the understanding to

sympathize with the aspirations of the lower classes. Her love of

pleasure and of display ruined both her character and her re]mtation

in h«r prosperous years, and yet, after a careful examination of many
of the libels against her, it may be asserted with confidence that

she was personally a virtuous woman, though always appearing to bo
the very reverse. Innocence is not always its own protection, and
circumspootion is as necessary for a queen as for any other woman.
Her conduct throughout the Revolution is heart-rending ; we, who
live after the troubled times, can see licr errors and tlie results of

lier prido and her capriee, but at the timo she was the only indi-

vidual of tlie royal family who could inspire the devotion wliifli

is always paid to a strong cliaracter. In the Marie Antoinette wlio

suffered on the guillotine we pity, not the pleasuredoving queen,

not the widow, who had kept her husband against his will in the

wrong course, not the woman, who throughout her married life

did not scruple to show her contempt for her slow and lieavy Init

good-natured and loving king, but the little princess, sacrificed to

state policy, and cast uneducated and without a heljier into the

frivolous court of France, not to be loved, but to be suspected by
all around her, and eventually to be hated by the whole people of

France.

For Hve3 and memoirs of Marie Antoinette before 18G3, as well a3 encravings
of her, the student is referred to a complete and careful bio-bibliograptiy, con-
tained in M. de Lescurc's La Vraie Marie Antoinette, Paris, 18C3. Tllis worlt,

however, contains many foiged letters, pm-porting to be hers, and leads to the
question of Marie Antoinette's published letters. There can be no doubt that very
many fabiications by autograph raalcers for autograph collectors are published as

authentic in D'Hunolstein, Correspondance ijiHite de Marie Antoinette. Paris,

1864; and in Feuillet des Conches, Louis XVI., Marie Antoinette, et Madame
Elisabeth, leftrcs et documents ine'dites, Paris, 1865. The falsity of these letters

was shown by Professor Von Sybel and by M. Geffroy in the lievue des Deux
ifondes, and slili more clearly in the latter's appendix to his Oustave III. et la

eour de France, Paris. 1867. To study Marie Antoinette as slie really lived, the
student must consult Von Ai-neth's numerous publications on her and her mother
and brothers, and particularly Ameth and Geffroy, Marie Antoinette: Corre-
spondance secrHe entre Marie-Tlierese et le Comte de Mercy-.\rgenteau, Paris,

3 vols., 1874, in wliich Marie Antoinette's daily life for ten years, from 1770-80,

is described for her mother's own eyes. For the affair of the necldace read
Carlyle's Essay. For her imprisonment, trial, and execution, see Campardon's
Tribunal R4eQlutiQnnaire, vol. i., and the same author's Mtxrie Antoinette h la

Conciergerie, Paris, 1863. (H. M. S.)

MABIE DE FRANCE is one of the most interesting

figures in the literary history of the Middle Ages. She
is al-30 one of the most mysterious. Nothing is known
of her except from her own statements, which amount to

little more than that her name was Marie and her country

France, that she dedicated one of her worlds to an unnamed
king, and another <o a certain Count William. She is

mentioned by Denis Pyramus, who was her contemporary,

and who says that she was very popular, but gives no
particulars. Attempts have been made to identify con-

jecturally the king and the count,—the most probable

hypotheses being that the former was Henry III. of

England, and the latter William Longsword of Salisbury

;

that is to say, Mario lived in the first half of the 13th
century, and rather towards the beginning than the end of

that half. Her work which remains to us is entirely

poetical, and by no means inconsiderable in extent. It

falls naturally into three divisions. ' The first consists of

lais or narrative poems in octosyllabic couplets. There
are fourteen of them, the titles being Giigemer, Equitan,

Le Frene, Le Bisdavarel, Lanval, Les deux amants, Ywenec,

Le Laustic ('' the Nightingale "), IfHon, Le Chaitivel (
" the

Unhappy One "),Ze Chcvrcfeuille, Eliduc,Graelent, L Epine.

The longest of these contains nearly twelve hundred lines

;

the shortest only just exceeds a hundred. The term lai is

of Breton origin, and is believed to have had reference

originally to the kind of music to which it was performed.

But in JIarie it is simply a short romance, generally of an
amatory character. Tho merits of these poems are very

great. They have much tenderness and delicacy of

expression, flowing ami melodious versef and not a littlft

descriptive power. Tho dialect is decidedly Norman in

character, and English words occasionally occur, but aro

invariably explained in French. Some of these poems were
paraphrased by tho late Mr O'Shaughncssy in his Lays of
France (London, 1872)^ but the translator indulged to such

an extent in amplification that the effect is very dissimilar

to that of the original. The second division of Marie's

work is of less poeticaJ lycit of greater general interest. It

consists of an Ysopcf (a general term in the Sliddle Ages
for a collection of fables) of one hundred and three fables,

of which Marie tells us that Henry Beauclerk translated it

from Latin in-io English, and that for the love of Count

William, " the most valiant of this realm," she herself

rhymed it from English into French. The fables are

exceedingly well told, with a liveliness, elegance of verse,

and ingenious aptness of moral which make Marie a worthy

forerunner of La Fontaine. The question has been debated

whether the great fabulist was acquainted with her work.

All that can be said is that, though it is by no means

impossible, and from internal evidence not even v.-hoUy

improbable, it cannot be said to be very likely. The third

of Marie's works is a poem of two thousand three hundred

versos, describing the purgatory of Saint Patrick, written

at the request of an unidentified " prudom," or man of

worship. Mario has been longer and better known than

most of the poets of medieval France, and perhaps she has

been relatively a little overvaluetl-, but her positive

excellence is very considerable. Her style is a good

example of the pure and highly organized language of

the 13th century; and despite its great age it can be

read by any person acquainted with modern French with

a very small expense of attention, and with but slight use

of glossaries.

The standard edition of Marie's works is by B. de Boixuetort,

2 vols., Paris, 1820.

MARIENBAD, one of the prettiest and most frequented

watering-places on the Continent of Europe, with a station

(about l| miles S.E. of the town) on the Kaiser Franz

Josephs Railway, lies in a pleasant valley in the district of

Tepl, in the north-west of Bohemia, about 18 miles south

of Carlsbad, and nearly 2000 feet above the level of the

Plan of Maricnbad.

sea. The gently-sloping hills which enclose it on all sides

except tho south are picturesquely wooded with fragrant

pine forests. Tho town has an attractive and clean ap-

pearance, and is amply provided with buildings for the

lodging and amusement of its thirteen thousand annual

visitors, including a theatre and a large kurhaus. The
handsome Komaa Catholic church and the tasteful little
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English church are among the chief ornaments of the

place. The springs resemble those of Carlsbad, except

that they are cold, and contain nearly twice the quantity

of purgative salts. The water is used both internally and

externally, and is deemed efficacious in disorders of the

stomach and other organs, skin diseases, gout, and nervous

complaints. About one million bottles are annually ex-

ported. The curative appliances of Marieubad also include

the use of goats' milk whey, and peat, pine-cone, and gas

baths. The climate is healthy and bracing, the mean
annual temperature being about 45°Fahr. The springs of

Marienbad, though previously used by the peasantry of the

district, first came into general notice about the beginning

of this century through the instrumentality of Dr Nehr,

to whom a monument was erected here in 1857.. They
belong to the rich abbey of Tepl, which lies about 9 miles

to the east. The permanent population of Marienbad was
2009 at the census of 1880.

MAEfENBURG (in Polish, Mcdhorg), the chief town of

a circle in the district of Dantzic, Prussia, lies 30 miles

to the south-east of Dantzic, in a fertile plain on the

right bank of the Nogat, a channel of the Vistula, here

spanned by a handsome railway bridge and by a bridge

of boats. Marienburg contains a large chemical wool-

cUaning work and several other factories, carries on

a considerable trade in grain, wood, linen, feathers, and
brushes, and is the scat of important cattle, horse, and
wool markets. Its educational institutions include a
gymnasium and a Protestant normal school. In the old

market-place, many of the houses in which are built with

arcades in the Italian style, stands a Gothic town-house,

dating from the end of the 14th century. The town is

also embellished with a good statue of Frederick the Great,

who added this district to Prussia, and a monument com-

memorating the war of 1870-71. The population in 1880
was S559. Marienburg is chiefly interesting from its

having been for a century and a half the residence of the

grand masters of the. Teutonic order. The large castle

of the order here was originally founded in 1274 as the

seat of a simple commandery against the pagan Prussians,

but in 1309 the headquarters of the grand master were

transferred hither from Venice, and the " JIarienburger

Schloss" soon became one of the largest and most
Bfrongl^ fortified buildings in Germany. On the decline

of the order in the middle of the 15th century, the

castle passed into the hands of the Poles, by whom
it was allowed to fall into neglect and decay. It

came into the possession of Prussia in 1772, and was
carefully restored at the beginning of the present century.

This interesting and curious building consists of three

parts, the Alte or Hohe Schloss, the Mittel Schloss, and the

Vorburg. It is built of brick, in a style of architecture

peculiar to the Baltic provinces, and is undoubtedly one

of the most important secular buildings of the Middle

Ages in Germany.
Of the numerous monographs published in Germany on the castle

of ilarienburg, it will sutSce to mention here Biiscbing's Schloss

der De%Uschen JliOer zu Marienburg, Berlin, 1828 ; Voigt's

Oeschichtc ron ilarUnburg, Konigsberg, 1824 ; and Bergau's
Orcknahaupihaus Marienburg, Berlin, 1871.

MARIETTA, a city of the United States, tlie capital of

Washington county, Ohio, lies on the right bank of the

Ohio, at the mouth of the Muskingum, 85 miles south-east

of Columbus, and is the eastern terminus of the Marietta

and Cincinnati Railroad, and the southern terminus of the

Cleveland and Marietta Railroad. The surrounding

country being rich in petroleum, iron, and coal, the city

has become the seat of no inconsiderable industry in the

shape of oil-works, iron foundries, and machine-shops, a
reeling mill, tanneries, and carriage, car, bucket, and chair

fewtories. Marietta College, chartered iu 1835, and

1 maintained by voluntary endowment and subscription, is

a flourishing institution, with eight instructors and a

library of 25,000 volumes, occupying a fine group of

buildings in the midst of extensive grounds. The popula-

tion of the city has risen from 3175 in 1850 to 5441 in

1880. At the latter date the township, which includes

the village of Harmar (1572), contained 8830 persons.

Marietta, founded in 17S3 by General Putnam, and named in

honour of Marie Antoinette, is the oldest town in Ohio. It is

built on the site of a remarkable group of prehistoric moiiunK'nts,

the largest of which are two enclosures, respectively 40 and 20
acres in extent, formed by walls from 20 to .30 feet broiid at the
base, and still in some places f> and 6 feet high. See Squier auJ
Davis, Ancient Monuments cf the Mississippi Pallcy.

MARIETTE, Auguste Ferdinand Francois, elder son

of Francois P. Mariette, advocate and tonn-clerk of

Boulogne-sur-Mer, was born in that town on the 1 1th of

February 1821. Educated at the Boulogne municipal

college, he distinguished himself in geometry, phyoics,

chemistry, history, Latin, Greek, and English. He also

evinced a remarkable talent for art. In 1839, when hut

eighteen years of age, he went to England in the capacity

of professor of French and drawing at a boys' school at

Stratford-on-Avon, which occupation he exchanged m
1840 for that of pattern-designer to a ribbon manufacturer

at Coventry. ^Veary of ill-paid exile, he returned that

same year to Boulogne, resumed his interrupted studies,

and in March 1841 took his bachelor's degree (wita

honourable mention) at Douai. He now became a professor

at the college where he had formerly been a student, and

for some years supplemented his modest salary by giving

private lessons, and writing on historical and archpeologicaj

subjects for various local periodicals. In the meanwhile

his cousin, Nestor L'Hote, the friend and fellow-traveller

of Champollion, died ; and upon Auguste Mariette devolved

the pious task of sorting the multitudinous papers of tho

deceased savant. The young man thenceforth became
passionately interested in Egyptology, devoted himself to

the study of hieroglyphs and Coptic, and in 1847 pub-

lished a Catalogue Analytiqxie of the Egyptian Gallery of

the Boulogne Museum. He had now found his vocation,

and in 1849, being appointed to a- subordinate position in

the Louvre, left Boulogne for Paris. Entrusted shortly after

with a Government mission for the purpose of seeking and
purchasing Coptic, S}'riac, Arabic, and Ethiopic MSS. for

the national collection, he started for Egypt in 1850.

Soon after his arrival he made his celebrated discovery of

the ruins of the Serapeum and the subterraneous catacombs

of the Apis-bulls, buried for probably some two thousand

years under the sands of the Libyan desert (see vol. vii. p.

773). His original mission being abandoned, funds were

now advanced for the prosecution of his researches, an(?

he remained in Egypt for four years, excavating, discover-

ing, and despatching archaeological treasures to the

Louvre, of which museum he was, on his return, appointed

an assistant conservator. In 1858, by permission of his

own Government, he accei)ted the position of conservator

of Egyptian monuments to the ex-khedive, Ismail-Pasha,

and so removed with his family to Cairo. His history

thenceforth becomes a chronicle of unwearied exploration

and brilliant success. The pyramid-fields of Memphis and

Sakkara, and the necropolises of Meydum, Abydos, and
Thebes were ransacked for sepulchral treasures ; the great

temples of Denderah and Edfco were disinterred, and, with

their tens of thousands of inscriptions and bas-relief.s,

restored to the light of day ; important excavations W6f

s

carried out at Karnak, Medinet-Habu, and Deir-el-

Bahari ; Tunis (the Zoan of the Bible) was partially

explored in the Delta ; and even Gebel Barkal in the far

Soudan v.'as made to yield monuments of the Ethiopic king.s.

The Sphinx was also bared to the rock-level, and the famous
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granite and alabaster ffionument miscalled the " Temple of

the Spliinx " was discovered. In the meanwhile Marietta,

raised successively to the rank of bey and then of pasha,

had founded the "fcole Franjaise d'figyptologie" and the

" Institut Egyptien," and created ah ovo the museum at

Bulak, the richest and by far the most interesting

Egyptian collection in the world. Honours and orders

were sbowered upon him. Poor in purse but rich in fame,

he received in 1852 the grand cross of the Legion of Honour

and of the Medjidie, in 1855 the Red Eagle (first class)

of Prussia, in 1857 the Italian order of SS. Maurice and

Lazarus, and in 1858 the Austrian order of Francis-Joseph.

In 1873 the Academy of Inscriptions decreed to bim the

great biennial priiie of 20,000 francs, and in 1878 he

was elected a member of the Institute. He was also an

honorary member of most of the learned societies of Europe.

Thougb of herculean strength and indomitable energy, he

was not proof against over-work of all kinds, physical,

mental, and official. Prostrated in 1877 by a first attack

of the insidious malady from which only death released

him, ho lingered for a few years, working to the last, and

died at Cairo January 19, 1881. His remains, enclosed

in an ancient Egyptian sarcophagus chosen by himself for

that purpose, are interred within the precincts of the museum-

garden at Bulak, facing the entrance to that unrivalled

collection which is his own noblest monument.

Of llariette's numerous and important contributions to the

literature of Egyptology, \vc may here especially note the followiuf;

works, •which are not only distiiiguisheil for their erudition and
accuracy, bat for the exquisite grace of style vnX\\ wiiich tbey aro

written ;-^i« Serapimn de Memphis, folio, 1857 and folloiving

years ; Denderah, five folios and one 410, 1873-75 ; Abydos, two

folios and one 4to, 1870-80 ; Earnak, folio and 4to, 1875 ; Deir-

el-Bahari, folio and 4to, 1877 ; Lislcs gio(jraphiques des pyUnes do

Kamak, folio, 1875 ; Catalogue du Mueic dc Bonlaq, six editioiis,

1664-76 ; Apai;u de I'hisioire d'£gypte, {onr editions, 1864-74, &c.

His last, and one of .his most important works,' ies Maslabas

dc VAncicn "Empire, text and illustrationB facsimiled from the

original MSS., folio, is now in course of nublication, edited by

Professor O. Maspero.

MARIGNOLLI, Giovanni de', a notable traveller lo

the far East of the 14th century, born probably prior to

1290, and sprung from a noble family in Florence. The
family is long extinct, but a street near the cathedral (Yia

de' Cerretani) formerly bore the name of the MarignoUi.

In vol. V. pp. 628-29 some account has been given of the

extraordinary episode of intercourse between Europe and
Clhina in the first half of the 14th century. In 1338 there

arrived at Avignon, whore Benedict XII. held his court, an

embassy from the great khan cf Cathay, bearing letters

to the pontiff from the khan himself, and from certain

Christian nobles of tho Alan race in his service. These

latter represented that they had been eight years without

a spiritual guide, and earnestly desired one. The pope
replied £o the letters, and appointed four ecclesiastics as his

legates to the khan's court. The name of MarignoUi, a

Franciscan of some repute for learning, appears, as John
of Florence, third on the letters of commission. Wo know
not what became of his colleagues ; ho was the chief if

not tho solo envoy who actually went.

Tho mission left Avignon in December 1338, picked up
the Tartar envoys at Naples, and sailed across the Black

Sea to Cafi'a, whence they travelled to the court of

Mohammed Uzbek, khan of the Golden Horde, at Sarai on

the Volga. The khan entertained them hospitably during

the winter of 1339-40, and then sent them across the

steppes to Armalec or Almaligh, the northern scat of the

house of Chaghatai, in what is now the pro\inco of IIL

"There," says MarignoUi, "wo built a church, bought a

piece of ground .... sung masses, and baptized several

persons, notwithstanding that only the year before the

bishop and sis other minor friars hod there undergone

glorious • martyrdom for Christ's salvation." Quitting

Almaligh in 1341, they seem to have reached Peking
(by way of Kamil or Hami) in May or June 1342. They
were "R-ell received by the reigning khan, the last of the

Mongol dynasty in China.

"The grand kaam, when he beheld the great horses {dexlrsnosl

and the pope's presents, with his letter, and that of King Bobert
(of Naples) too, with their golden seals, and when he saw BS 'also,

rejoiced greatly, being delighted, yea exceedingly delighted with
everything. . . . And when I entered the kaam's presence, it was in

full festival vestments, with a very fine cross earned before me, and
candles and incense, whilst Credo in unum Deum. was chaunted,

in that glorious palace where he dwells. And when the chanut
was ended I bestowed a full benediction, which he received with all

humility."

An entry in the Chinese annals .fixes the year of

Marignolli's presentation by its mention of the arrival of

the great horses from the kingdom of Fulang {Farang or

Europe), one of which was 1 1 feet 6 inches in length, and

6 feet 8 inches high, and black all over

!

MarignoUi stayed at Peking or Cambalec three or four

years, after which he travelled through eastern China to

Zayton or Chinchew {q.v.), quitting China apparently in

December 1347, and reaching Columbum (Kaulam or

Quilon in Malabar) in Easter week of 1348. At .this place

he found a church of the Latin communion, probably

founded by Jordanus of S^verac, who had been consecrated

bishop of Columbum by Pope John XXII. in 1328. Here
MarignoUi remained sixteen months, aft^er which he pro-

ceeded on what seems a must devious voyage.- First he

visited the shrine of St Thomas near th-e modem Madras,

and then proceeded to what he calls the kingdom of Saba^

and identifies with the Sheba of Scripture, but which seems

from various paiticulars to have been Java. Taking ship

again for Malabar on his way to Europe, he* encountered

great storms, of which he gives an imaginative account :

—

.... "The sea as if ia flames, and fire-spitting dragons flying

by, which, as they -passed, slew persons on board the other junks,

whilst ours remained untouched, by God's grace, and by virtue

of the Body of Christ which I carried with me, and through the

merits of the glorious Virgin and of St Clare."

They found shelter in the little port of Pervtlis (Beru-

wala or Berberyn) in the south-west of Ceylon ; but here

the legate fell into the hands of " a certain tyrant Coys
Jan (Kioja JahAn), an eunuch and an accursed Saracen,"

who professed to treat him with all deference, but detained

him four months, and plundered all the gifts and Eastern

rarities that he was carrying home. This detention in

"Seyllan" enables MarignoUi to give a variety of curious

particulars regarding Adam's Peak and other marvels.

After this we have only fragmentary notices, showing that

his route to Europe lay by Ormuz, the ruins of Babel,

Baghdad, Mosul, .fVleppo (" where there were many Chris-

tians who dressed after the Latin fashion, and spoke a

language very near the French ; at any ratie like the French

of Cyprus "), and thence to Damascus and Jerusalem. In

1353 he arrived at Avignon, and delivered a letter from

the great khan to Pope Innocent VL In the foUowing

year the emperor Charles IV., on a visit to Italy, made

MarignoUi one of his chaplains. Soon after, the pope

made him bishop of Bisignano ; but he seems to have

been in no hurry to reside there. He appears to have

accompanied the emperor to .Prague ; in 1356 he is found

acting as envoy to the pope from Florence; and in 1357

he is at Bologna. We know not when he died. The last

trace of MarignoUi is a letter addressed to him, which

was found last century among the records in the Chapter

Library at Prague. The writer is an unnamed bishop of

Armagh, easily identified with Richard Fitz Ralph, a strenu-

ous foe of the Franciscans, who had broken lances in con-

troversy with Ockham and Burley.- The letter implies that

I

Bomo intention had been intimated from Avignon of sending



544 JVl A H - l\r A R
Marignoili to Iroiaud in connexion with maners tbcn in

debate. ,' The wrath of Fitz Ralph is sorely stirred at

this, and ho brandishes the shillelah in a style of energetic

motaiihor very like what we have been used to from like

quarters in later days.

Fitz li.nliih's contemptuous language liad piolinlily a goal deal of
fomulation. The fniginciitary notes of MnrignoUi's Eastern travels

jftciTt'ontain most viviJ remembrance ami graiihic descniition, but
?ombincJ with nn incontinent vanity, anJ an incoherent lapse

from one thing to nnollior, matched by iiotlnng in literature but
the conversation of Mrs Nirkleby. They have no claim to be called

a narrative, and it is with no small jiaiiis that anything like a
nair.ative can bo pieced out oftlicm. Indeed the mode in which
ihey were elicited curiously illustrates how little medieval tiavelleis

thought of publication. The emperor Charles, instead of urging
his cliaplain to write a history of his vast journeys, set him to the
.epugnant task of recasting the annals of Bohemia ; and he con-
soled himself by salting the insipid stuH by interpolations, ii propos
de holies, of his recollections of Asiatic travel

Nobody seems to have noticed the work till 1768, when the
chronicle was published in vol. ii. of the Mminmoita Hist. Bohcinix
nnsijunm antchac cdita by Father Gelasius Dobner. But, though
IMarignolli was thus at last in type, no one seems to have read
him till 1820, when an interesting paper on his travels was pub-
lished by J. G. Meincrt. The late Professor Kunstmann of

Munich also devoted to the subject one of a series of very inteUi-

pent papers on the ecclesiastical travellers of the Middle Ages.
And tlie whole of the passages bearing on the journey were ex-
cerpted, translated, and commented on bv Col. H. Yule in a col-

lection printed in 1866.
ilenumcnta llislorica, *{t., collegif, Ac, P. Gelastus Dobner a S. Catlicrina,

torn, il., Prague, 1768; Meinert, in AbhandL der K. Bohm. GesclUcK der U'issea-

utmftin, vii. ; Kunbtmann, in liistorische Potitische BldtUrn von PhiUipi und
Gbrres, Bd. sxxviii. pp. 701,703, Munich, 1859 ; Waddinp, A)ina7es Minorum. vii.;

Sbaralen. Supplem. et Costifjalio ad Scriptores Triitm Ordd. 5. Francisci a Wad'
diiido, Rome, 1806 ; Ca/Aaj/ and (lie li'ay Thither, Halt. Soc, 1866. (H. Y.)

5IARIG0LD. This name has been given to several

plants, of which the following are the best known:
—

'

Calendula officinalis, L., the pot-marigold ; Taijetes erecta,

L., the African marigold ; T. patvla, L., the French
marigold ; and Cliri/santhemttm seydum, the corn marigold.

All these belong to the order Compositx ; but Caliha

palnstris, L., the marsh marigold, is a ranunculaceous

plant.

The first-mentioned is ttie familiar garden plant with

large orange-coloured blossoms, and is a native of the

meadows of southern Europe (DC, Prod., vi. p. 451).

It is ilnisexual, the ." ray " florets being female, the " dibk
"

florets male. This and the double variety have been in

cultivation for at least three hundred years, as well as a

proliferous form, C. proli/ei-a, or the "fruitful marigolds"

of Gerard {Ilerball, p. 602), in which small flower-heads

proceed from beneath the circumference of the flower. The
figure of "the greatest double marigold," C. muliijlora

maxima, given by Gerard {I.e., p. 600) is larger than most

specimens now seen, being 3 inches iu diameter. He
remarks of " the marigolde " that it is called Calendida

"as it is to bo seene to flower in the calends of almost

euerio moneth." It was supposed to have several specific

virtues, but they are now discredited. " The marigold,

that goes to bed wi' the sun," is mentioned by Shakespeare,

Winter's Tale, iv. 3.

Tagetes palida, L., and T. erecta, L. (DC, Prod., v. p.

643), o the French and African marigolds, are natives of

Mexico, and are equally familiar garden plants, having been

long in cultivation. Gerard figures four varieties of Flos

africanui, of the single and double" kinds (/.c, p. 609) ; bnt

they do not appear to be specifically distinct ; indeed

Parkinson (Par., p. 303, 1629) regarded them as one.

Besides the above species the following have been intro-

duced 4ator, T. lucida, Cav., T. signala, also from Mexico,

and T. tenuifolia, Cav., from Peru THemsley's Handbook of
Ilardy Trees, &c., p. 247).

Chrysanthemum segetum, L., the yellow corn marigold, is

indigenous to Great Britain, and is frequent in corurfields

in most parts of Kii^land. A decoction of the fresh plant

gathered before llowering is acrid, and i.s said to be useful

lueaicinally. When dried it has been employed as hay
It is also used in Germany for dyeing y^ellow (Baxter, Brit.
Gen. of PL, vol. iv. 300). Gerard observes that iu his
d.iy " the stalke and Icaucs of Corne Marigolde, as
Dioscorides saith, are eaton as other potherbes are."

Caltha paliisln's, L., the marsh marigold, the " winking
Mary-buds" of Sliakespeare (CgmL, ii 3), is a commou
British plant in marshy meadows and beside water. It

bears cordate leaves, the flowers having a golden yellow
calyx but no corolla, and blossoming in Jlarch and April.

The flower buds preserved in salted vinegar are a good
substitute for capers A double-flowered variety is oltea
cultivated, and is occasionally found wild (Baxter, /.c,

vol. ii. ir)3).

iMAPJNES. With all maritime nations, especially it

they be insular and capable of taking the offensive in war,

there must frequently be cases in which naval operations

can be supplemented by the landing of a force. The
armament, equipment, and discipline of the armies and
navies of such nations were in early days practically alike.

But with the introduction of more regular levies and
better organization arose the necessity fur having on board

ships-of-war an armed body organised to meet the altered

condition of things. Sailors were but engaged for periods

during which ships were commissioned ; and their previous

history and training did not tend to furnish the material

required. Regular armies on shore called for disciplined

forces afloat,—that is to say, for marines, or sea soldiers,

who should have the steadiness of the troops of the line,

be accustomed to the peculiar duties of ship life, and be
subordinate to the naval authorities.

Previous to 1664 the British navy had been manned
chiefly by "impress"; but in that year an order in council

appeared, authorizing the formation of a force of 1200
soldiers, in six companies, to be raised for sea service

during the Dutch War. Probably it was recruited from
the London Trained Bands, as the Royal Jlarines, with

the 3d battalion of the Grenadier Guards, the East Kent
Piogiment, and the Royal London Militia, alone possess th"

privilege of marching through the city with colours flying

and bayonets fixed. Recruits were also obtained from the

foot guards; and in 1072 companies of the guards wero

employed on shipboard. The Army List of 1684 shows

for the first timo the organized battalion of marines, in

H.R.H. the duke of York and Albany's maritime regiment

of foot or "Admiral's Regiment," which, in that year,

mustered on Putney Heath twelve companies, with a full

proportion of officers. This stood third in seniority in the

line, and eventually became the Coldstream Guards; the

4th, or "Holland Regiment," which also sent companies

to sea, and had lika the above regiment been raised by the

City of London, taking its place as 3d or " Old Buffs."

Several other maritime regiments were successively formed

and disbanded, until, in 1702, Queen Anne directed the

addition to the army of six regiments as a marine corps,

while six existing regiments were also appointed "for sea

service." These were done away with in 1714, three only

being retained, as the 30th, 31st, and 32d of the line.

Independent companies, for service in the West Indies,

were also formed, becoming in 1742 the 49th foot. In

1739 six fresh regiments were levied, and augmented in

1742 to ten, of 1000 men in ten companies each ; while

three others were collected in America for colonial duty.

Though commanded by generals and colonels of the army,

they were to be quartered in the neighbourhood of 1lie

dockyards at Portsmouth, Sheerness, Chathaiii, Deptford,

Woolwich, and Plymouth ; and the iiroportion of officers,

viz., 100 men with a cajitain to twenty with a subaltern,

wn.s fixed for the different clastse.s of vessels. No field

officer was embarked unless a full battalion were sent. In
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1745 two other battaiiong were specially raised for service

at Cape Breton, becoming' finally the 50th and 51st foot;

and ill 1746 tlie ten regiments were restored to the army,

taking rank from the 44th to the 53d. Previous to their

iliabandment as marines they had been partially under

the orders of the lord high admiral.

By an order in council of 1755 a force of 5006 men in

50 companies was raised and definitely placed under the

liaval authorities. They were to bo stationed at Chatham,
Portsmouth, and Plymouth, the 4th or Woolwich division

not being added until 1805; and this body was gradually

increased to 19,000 men in 1702, but reduced in I7(J3 to

about 4000, Commissions ceased to be purchasable, but

exchange with the army was, for a time, sanctioned.

Naval admirals and captains were appointed generals and

colonels of marines in 1760, in consequence of a represen-

tation from the commandants of divisions that there was
an insufficient number of field officers "for the discipline

of the service." This absurd anomaly existed until 1833,

when these useless sinecures were abolished.

The revolt of the American colonies in 1775 led, again,

to an increase in the establishment, which by 1783 had
reached 25,291 men,—followed by a reduction to 4495 the

ensuing year. So urgent was the demand for marines

during the struggle that men were frequently embarked

untrained
;

yet, so popular was the service, they still

"recruited better in every part of the island "than the

army. Owing to this unwise policy of reduction, the force,

on the outbreak of the French War in 1793, had to be

supplemented, as formerly, by companies from the line

;

and at its conclusion the marine corps egain reached a total

strength of more than 30,000 men. But there had been

differences between the military and naval authorities as

to the employment of soldiers from the army ; so that from

1815, when the numbers again fell to about 6000, there

has been a steady increase, until an establishment suitable

to the wants of the navy has been fixed. During the long

war, moreover, the necessity for the formation of a body
of marine artillery had become increasingly apparent. The
serviaes of marines in this capacity had been previously

demanded daring the American War, when they were

employed in the half-moon battery and citadel at Halifax,

and elsewhere in batteries on shore, as some of th^i had
been "trained in the service of great guns" by Lieutenant

Gillespie of the Royal Artillery. By an order in council

of the 18th August 1804, therefore, "in consequence of

the inconvenience of embarking the Royal Artillery," it

was directed that one company of marine artillery, composed
of the most intelligent and experienced officers and men,

should be formed ut each division to be employed for the

training of the infantry, so as to embark efficient artillery-

men in other vessels besides "bombs." This force suffered

a reduction to two companies in 1822, since which date

it also has been steadily increased ; and in 1862 the artillery

companies were separated from the light infantry and
formed into a separate division at Fort Cumberland,
Portsmouth, whemo the headquarters were transferred to

Eastney in 1869. In 1869 the Woolwich division was
abolished, a depot for the training of recruits being formed

at Walmor. At present the Royal Marino force numbers
48 companies of infantry and 16 of artillery, showing a total

force of 2532 artillery and 9862 infantry, at an expendi-

ture of £913,466,

Ench division of Royal Marines has n toiai fotco ot lb companies,
with a colonel commandant, second comnjandant, i lieutenant-

colonels, 14 majors, 20 captains, and 42 subalterns, inclusive of

the divisional stall' of instructors of gunnery, musketry, &c. '.''he

headquarter staff, in Londoj), consists of a deputy and an assistant

adjutant-general, &c. ; and there are, in addition, tlirce generals,

three lieutenant-generals, and six major-generals on tlie active list.

The lica are recruited by sijccial parties ; they arc enlisted for

twelve years, with permission to rc-engagu for nine more. Alt
recruits undergo their preliminary training at Walnier, and are then
drafted to the se\ cral divisions,—those who reach a higher standai-J
being allowed to volunteer fof the aitillery. The standard for
infantry and artillery, and the' system of pay, equipment, pension,
and divisional administration, are similar to those of the line aud
lioyal Artillery respectively. Oliicers are obtained by open com-
petition from the pass-lists for entrance to the Jlilitajy Academy,
AVoolwich, and the Royal Military College-, Sandhurst. The suc-
cessful infantry candidates are drafted to tlieir several divisions,
and undergo a course of instruction under tlie military instructor
to the corps,—those for the artillery receiving a special training for
two years at the Royal Naval College, Greenwich.
The Koyal Marines, reckoning as part of the navat forces, are

accounted for in the navy estimates; tliough the names of the
officers appear both in tlic Army and Navy Lists. They are par-
ticularized in the Army Act as subject to military law at stated
times, serving on shore under the Act and the regulations in force

in the garrisons, where they perform tlio same duties as the lancl

forces. Afloat tliey are subject to the Naval Discipline'Act ; anil
a Marine Mutiny Act was formerly p.isscd annually for tlio

"regulation of Her M.njesty's Royal Jlariue forces while on shore,"
stating that they were under the direction of the lord high adniira?,

&c. On board sliip their duties are of a purely military character,
being confined to guard mounting, assisting to man boats for shoro
operations, and helping to form the ciews for the heavy guns.
Though under the supreme command of the naval authorities, they
are only obliged to aid in work on deck, and whou landed are
entirely commanded by tlieir own officers.

The war services of the corps are so numerous tliiit they can he
but briefly referred to. First employed at Cork in 1690, they liavo
been present in nearly all the actions in which the navy has sinco
then been engaged ; and between that date and 1800 they took
part in 227 sea tights and 70 important operations on shore. At
Gibraltar and Manila, at Bclleisle and Bunker's Hill, at Negapatani,'
the Cape, and Acre, they earned the special commendation of tlio

leaders, as well as for Lord Howe's victory, and the great sea lights

of Camperdown, Cape St Vincent, and tlio Nile. Nor were their

eatmios boukward iu recognizing tlieir worth. At Bclleisle the
French, in describing the troops whose valour had been most
conspicuous, designated the battalions of n'.arines " les pctits

grenadiers"; and at Acre Genenil Bcrthier bore te.stimonr

to the conspicuous giillantry of Major Oldlichl, wlio fell in the
attack on the fortress. From 1800 to ISl,") they saw constant

service in 99 coast operations and 142 naval actions. After the
landing at Aboukir Bay in 1801 the " Bull Dogs" received higli

praise for the way in which they had done their work. At tlie

siege of G.aeta, at Rosas, and at Santa Maura, the marines again
distinguished themselves ; and they took part in the decisive batllcs

at Copenhagen, Trafalgar, San Domingo, and the Dardanellea.

Three battalions were also specially brigaded with the line for

nctiye service in America and Holland in 1813-15. Since that
period the marines have shared in the naval actions at Algii-re,

Navarino, Acre, the Baltic, and Black Sea, and have fought by the
side of the land forces at the Cape, in India, China, New Zealand,

Abyssinia, Ashantee, and Zululand, as also in those numerous
petty skirmishes in which the navy has been so repeatedly eng.iged.'

In the bombardment of Alcxandiia (18S2), and in the opeiations

that followed it, the corps has .igain seen service by sea and land.

Nor have their fervices been less important in other cases. Tll0^lg[^

forming part of the sliijis' companies, and therefore at times

suffering from the same grievances, they have always been faithful

to their tru.st. In 1797, a period of much sedition throughout the

country, all efforts to shake their alleghince were fruitless, and tl»e

duke of York especially commended their loyalty and zeal. Between
that year and 1802, after the mutinies of the Norff, Spithcad, and
Bantry B.ay, of tlie "Tcmeraire," "Castor," " Inipetueux," " Hir-

inione," "Gibraltar," and "Excellent," the marines were publicly

thanked for their devotion.

As part of a ship's.company in naval actions, ns a force landed to

assist in coast operations, and as troops acting in conceit with the

army, the marines have won distinction and the commendation of

both naval and military authorities for two hundred years. The
motto of the corps, " Per mare per terram," needs no cxjilanation ;

the title "Royal" was added in 1802 "for its many and vaiied

services during the war," and its former l)icings were altered from
whit« to royal blue; it was also in 182D, by an order in council,

phiced next in seniority to the 49tli Regiment. In 1827 the globe,

surrounded by the laurel wreath, for the siege of Bclleisle, together

with "Gibraltar," in commemoration of the services performed there,

was added by George JV, In 1855 the infantry branch of the
corps became "Rght infantry,"

Although in the "armed strengths" of the great Enropcas
powers marines and marine nrtillery are mentioned, these troo|»

nave little in common with those in the British navy. In Frnnci*

their duties are to garrison the live military ports and colonics, and
tot.akcpait in marine and other wars. In Girnniny the niviu*

XV. — 69
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battalionb tina artillery divisions t* KiPi a..d ''Vinicliii.sliafi>n are in-

"tcnJed for coast defence only. In IlollnnJ, Auslria, aud Italy also

they have a military organization, but do uot form a recogTiized

partoftheconnjlcmeuts of sea-going ships. America alone employs
marines in the same manner as Lngland ; and they have won, as their

British comrades Iiave, the approbation of tbo naval authorities

and, on nineteen occasions, the thanks of Congress. Admiral Karra-

gut's opinion tliat "the marine guard is one of the great essentials

of a nian-of-«ar" is corroborated by that of Admiral AVilkes,

who considered that "marines constituted the great dillerence

between a man-of-warnnd a privateer." Formed in 1775 for the

"publick defense," they rank as the oldest force in the American
service ; and since that time they have shared in land aiid sea opera-

tions in all parts of the world. In the famous battles between the

"Bonhommo Richard "and "Serapis" in 1777, anJ in that between
the "Chesapeake'*and "Shannon," they displayed brilliant gallantry;

and while on the one hand they at Dcrno in 1S03 first planted the
American flag on a fortress of the Old World, for which e.tploit

"Tripoli" is inscribed on their colours, they on the other shared

in the hard fighting of the Mexican war as well as all the import-
ant const actions of the civil war of 1861-65. A proposal to incor-

porate them with the army after the stiuggle met with universal

condemnation from the uutliorities best qualified to judge of their
value. At present tliey number seventy-eight officers and two
thousand men under tlie command of a commandant, who ranks
as brigadier-general, with headquarters at 'Washiugton. Tlieir

administration, organization, and equipment are, as in England,
identical with those of the soldiers oi^ tlie line. They are enlisted

for five years, must be 5 feet 6 inches in height, between eighteen

anil thirty-five years of age, and able to read and write. Tlie

complement on board ship varies from thirleen to fifty-one officers

and men, depending on the rating of the vessel. Their device is a

globe resting on an anchor and surmounted by an eagle. "Ever
Mithful" is the title which Captain Luce, the Listorian of tlie

force, appropriately applies to theip. (0. C. K.)

MAELST, or :M.viuno, Giambattista (1569-1625),

Italian poet, was born at Naples on October 18, 1569.

At an early age lie secarfed the powerful patronage of

Cardinal Aldobrandini, whom he accompanied from Rome
to Ravenna and Turin. His ungoverned pen and dis-

ordered life compelled him to take refuge from 1615 to

1622 in Paris, where he was favourably recognized by
Mary dc' Medici. He died at Naples on March 25, 1625.

See Italy, vol. xiii. p. 511.

iL\JlIXUS I. (ilAKTisus II.) succeeded John Vlll. in

the pontificate about the end of December 882. On
three separate occasions he had been employed bj' the three

popes who preceded him as legate to Constantinople, his

mission in each case having reference to the controversy

excited by Photius. Among his first acts as pope were

the restitution of Formosus, cardinal bishop of Porto, and
the anathematizing of Photius. He died in May or June

884, Lis successor being Adrian IIL

MARINUS II. (Martinds III.), pope from 942 to

946, was preceded by Stephen IX., and followed by
Agapetus 11.

MARION, Feancis (1732-1795), American general,

was bora in 1732 at Winyah, near Georgetown, South

Carolina. In 1759-61 he served as lieutenant in expedi-

tions against the Cherokees, and in 1775 he was elected

a member of the provincial congress of South Carolina.

This voted two regiments of infantry, and Marion was
elected captain in the second. He was made lieutenant-

colonel after the defence of Fort Moultrie at the entrance

of Charleston harbour (June 28, 1776), aud was present

at the iinsuccessful attack on Savannah, September 1779.

In August he joined Gates, but was detached a few days

before Gates's dfifcat at Camden on August 16 ; at Nelson's

Ferry, on the 20th, he rescued one hundred and fifty of the

prisoners from a strong guard. He soon received a general's

commission. Pursued by Tarletpn and Wemyss, he was
driven to North Carolina, but soon returned. After

successful skirmishes against superior forces, he formed
a camp at Snow's Island in the midst of th<; swamps
of the Pedee ami the Santce. In March 1781 he de-

feated Watson at Black River; but mtuawhi.e Doyle had

destroyed Marion's camp. In April Llb and Marion toot
FortWa'.fion, and in May Fort Motte. In June Greene de-i

tached Sumter with Marion and others to make an incursiot

into the low countrj'. At Quinby Marion's men fought
well against Coalcs; aud in August he made a forced march
to Parker's Ferry and rescued Colonel Harden, pressed by
a superior force. At Eutaw .Springs he commanded the

right under Greene. After the British retreat to Charles-

ton, Marion went to an important session of the colonial

assembly ; on the very day that he returned to his brigade,

February 24, 1782, it was surprised and dispersed, Marion
arriving too late to recover the day. After the war he occu-

pied himself with farming. He died February 27, 1795.

1

MARIONErrES (probably from morio, a fool or

buflbon), Fantoccin"! (from fanliuo, a child), or Puppets
(poupee, a baby or doll), are figures, generally below life-

size, suspended by threads or wires and imitating with their

limbs and heads the movements of living persons.

The high antiquity of puppets appears from the fact

that figures with movable limbs have been discovered in

the tombs of Egypt and among the remains of Etruria

;

they were also common umong the Greeks, from whom
they were imported to Rome. Plays in which the

characters are represented by puppets or by the shadows
of moving figures, worked by concealed performers who
deliver the dialogue, are not only popular in India and
China at the present day, but during several centuries

past maintained an important position among the amuse-

ments of the people in most European countries. Goethe

and Lessing deemed them worthy of attention ; and
as late as 1721 Le Sage wrote plays for puppets to

perform. Every one remembers in Don Quixote "the
curious puppet sho%v, which represents the play of

Melisaudra and Don Gayferos, one of the best shows that

has been acted time out of mind in this kingdom."

Reference to puppet shows is frequent in English literature

from Chaucer onward. Thus Davenant says :

—

" And man in cliimney hid to dress

I'uppet.tbat acts our old Queen Bess,

And man that, while the poppets play,

Through nose cxpoundeth what they tay."

The earliest performances in English were drawn or

founded upon Bible narratives and the lives of the saints,

in the same vein as the "morality" plays which they suc-

ceeded. Popular subjects in the ICih century were 7'/ie

FroJigal Son and NinevelL, with Jonah aud the Whale.

And in a pamplJet of 1641, describing Bartholomew Fair,

we read, " Here a knave in a fool's coat, with a trumpet

sounding or a drum beating, invites 3'ou to see his puppets.

Here a rogue like a wild woodman, or in an antic shape like

an incubus, desires your company to view" his motion."

In 1667 Pepys recorded how, at Bartholomew Fair, he
found " my Lady Castlcmaine at a puppet play. Patient

Grizill." Besides The Sorrows of Griselda, other puppet

plays of the period were Dick Yl'kiltiiifftoii, The Vaf/aries

of Merry Andrew, and The Humours of Bartholumeio Fair.

Powell's noted marionette show was the subject of an

article in The Tatler, 1709, and again in The SjKctator,

1711. The latter refers also to Pinkethman, a "motion-

maker," in whose scenes the divinities of Olympus
ascended and descended to the strains of music. An idea

of the class of representation may be gathered from an

advertisement of Cr.iwley, a rival of Pinkethman, which sets

forth—" The Old Creation of the World, with the addition

of Noah's Flood," also several fountains playing water

during the time of the play. The best scene represented

"Noah and his family coming out of the ark, with all the

animals two by two, and all the fowls of the air seen in a

prospect s'tting upon trees; likewise over the ark is tlie

sun rising ju a gorgeous manner ; moreover a multitude ol
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angels in a double rank," the angels riuging bells. " Likc-

-,vise machines descending from above, double, with Dives

risiug out of hell and Lazarus seen in Abraham's bosom

;

besides . several figures dincing jiggs, sarabands, and

country dances, with the merry conceits of Squire

Punch and Sir John Spcndall." Yates showed a mov-

ing picture of a citj', with an artificial cascade, and

a temple,— with mechanical birds in which attention was

called to the exact imitation of living birds, the quick

motion of the bills, just swelling of the throat, and

fluttering of the wings. The puppets were was figures

5 feet in stature. Toward the end of the 18th cen-

tury, Flockton's show presented five hundred figures at

work at various trades. Brown's Theatre of Arts showed

at country fairs, from 1830 to 1840, the battle of

Trafalgar, Napoleon's army crossing the Alps, and the

marble palace of St Petersburg ; and at a still later date

Clapton's similar exhibition presented Grace Darling

rescuing the crew of the " Forfarshire " steamer wrecked on

the Fern Islands, with many ingenious moving figures of

<iuadrupeds, and, iu particular, a swan which dipped its

Lead into imitation water, opened its wings, and with

flexible neck preened and trimmed its plumage. In these

mechanical scenes the figures, painted upon a flat surface

and cut out, commonly of pasteboard, are slid along

grooves arranged transversely in front of the set scenery,

the actions of legs and arms being worked by wires from

the hands of persons below the stage, though sometimes

vtso is made of clockwork.

Marionettes proper, and the dolls exhibited in puppet sliows (not

including Punch and his companion actors), are constructed of wood
or of pasteboard, with faces of composition, sometimes of wax; and
each tigure is suspended by a number of threads to a short bar of

wobd which js commonly held in one hand of the bidden performer

while the finger of his other hand poses the figure or gives action

to it by means of the threads. In the mode of constructing tlie

joints, and the greater elaboration with which the several parts of the

limbs are supported aud moved, and especially in the fine degrees

of movement given to the heads, marionettes have been so imjiroved

as to present very exact imitations of the gestures of actors and
actresses, and the postures and evolutions of acrobats ; and, in

addition, ingenious exhibitors such as Theodon, who introduced

inaoy novelties from twenty to thirty years ago, hare employed
mechanical arrangements for accomplishing the tricks of pantomime
barlequinado. Among the puppet personages presented iu the small

street shows are generally mcludea a sailor who dances a hornpipe,

a hoop-dancer, a dancer of the Highland fling, a wooden-lfggcd
pensioner, a vault(r on a pole also balancing two chairs, a cloun
laying with a butterfly, n dancing figure without head until the
ea4 rises out of the body, gradually displaying an enormously long

nock, a juggler tossing gilt balls which, sliding up and down upon
tight invisible threads, fall into his hands again, a milk-woman
carrying buckets out of which fly wliite doUs, and a skeleton, seen at

first in scattered parts lying about the stage, but piece successively

flying to piece, the body first sitting up, then standing, and finally

capped by the skull, when the completed figure begins to dance.

Ombrea Chinow are the shadows of figures projected upon a
stretched sheet of thin calico or a gauzo scene painted as a
transparency. Tlio cardboard flat figures are held behind this

screen, iUaminated from behind,—the performer supporting each
figure by a long wire held in one hand while wires from all the
movable parts tcmiiiiato in hogs in which ore inserted the fingers

of bis other hand,

MARIOTTE, Edme (died 168i), a celebrated French
physicist, was a native of Burgundy. Ho -lived chiefly

near Dijon as prior of Si Kartin sous Beaune, and was one
of the first members of the Academy of Sciences, which
was founded at Paris in 16G6. Ue died at Paris May 12,

1684. The first volume of the Uistoire et Mcmoires cle

CAcadiinie (1733) contains many original pepers by him
upon a great variety of physical subjects, such as the motion
of fluids, the nature of colour, the notes of tho tiumpct,

the barometer, the fall of bodies, the recoil of guca, tlie

freezing of water, <fcc. His Essais Uc P/irsique, frar in

number, of which the first tlrrcc were piiblishcd at Pari:

between 1C7G and IG79. are his most important workc,

I

and form, together with an elaborate treatise on the per-

cussion of bodies, the first volume of the Q^'uvrcs de

Mariotte (2 vols., Leyden, 1717). The second of these

essays (" De la Nature de I'Air ") contains the statement of

the law connecting the pressure and volume of a gas which,

though very generally called by the name of Mariotte,

was discovered seven years before by Boyle. The fourth

essay is a systematic treatment of the nature of colour,

with a description of many curious experiments aud a

discussion of the rainbow, halos, parhelia, diffraction, and

the more purely physiological plienomena of colour. The
discovery of the blind spot is noted in a short paper in the

second volume of his collected works.

MARITIME LAW. See Sea Laws.
MARITIME PROVINCE (Russian, Pn»!0)>Zaya Oblast),

a province of the Russian empire, and part of the general-

governorship of Eastern Siberia, is a strip of territory which

extends along the Siberian coast of the Pacific from Corea

to the Arctic Ocean, and also includes the peninsula of

Kamchatka (?.e'.), the island of Saghalien or Sakhalin, and

several small islands scattered along the coast. Its western

boundary stretches northwards from the Corean town of

Kinghing (41° 45' N. lat.) by Lake Khangka and along

the Usuri, keeping to the eastward of the hilly tracts and

prairies of northern Manchuria ; it then follows au ima-

ginary line which runs duo north from the mouth of tho

Usuri to the bay of Udskoy, separating the province from

the lowlands and mountain wildernesses of the Amur pro-

vince; it next runs along the Stanovoy watershed between

the Pacific and the Arctic Ocean, leaving to the west the

elevated tracts of the Siberian plateau, and finally it crosses

the spurs of this plateau through barren tundras belonging

to Yakutsk, reaching the Arctic Ocean at the Chaunskaya

Bay (70° N. lat.). The province has a length of 2300

miles and a width varying from 40 to 420 miles; it covers

an area of 730,000 square miles, and exhibits very great

varieties of climate, scenery, and population. The northern

part, known as the land of the Chutchees, occupies the

north-eastern peninsula of Asia between the Arctic Ocean

on the one side and the Seas of Behring and Okhotsk on

the other, and has the character of a barren plateau from

1000 to 2000 feet high, deeply indented by the rivers of

the Anadyr basin, and by long fiords, such as the Koluchin

Bay (the wintering-place of Nordenskjold's "Vega"), the

Gulf of AnadjT, and the Bays of Penzhina and Ghizhiga.

To the north this plateau is bordered by a chain of

mountains, the highest known within the Arctic circle,

several summits of which reach a height of 8200 feet

(Makaohinga peak and others), while the promontories

by which the Asiatic continent terminates towards Behr-

ing Strait—Serdtze-kamcn, Cape Vostochnyi (tho most

easterly point of Asia), and Cape Chukotskiy—hare

heights ranging from 1000 to 2000 feet. Only lichens

and mosses, with a few dwarf species of Siberian trees,

cover this district, in marked contrast to the rich forests

of the corresponding part of Arctic America.' The fauna,

however, is far richer than might have been expected,

owing to the migrations of animals along the plateaus of

Eastern Siberia, which extend in a north eastern direction

from the very heart of Asia to Behring Strait. The fauna

is further enlarged by a few American birds and mammals,

which cross tho strait when it is frozen. This country,

and still more the seas by which it is surrounded, have

been for the last two centuries tho paradise of hunters, and

have supplied Siberian trade with its bc'it furs. Entire

species of animals have been exterminated within this short

period; the renowned blue fox and black sable have nearly

disappeared, and the whale, which was hunted a few

'afcades ago by hundreds of American vessels, has bccomo

very rare. The sea-otter, of which the party of Stcll«r
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killed ssven hundred aunng its eight months' stay on

Celiring's Ishiid, is r.ipidly becoming extinct, as well as

the sei-lioii (Olaria stelUri) ; whilst the sea-cow (Rhytina

ttdleri) was completely extirpated in the course of forty

years. Thanks to the care taken by an American company
which has the monopoly of hunting on Behring and Copper
Islands, the sea-bear (Otaria ursina), which was likely to

meet with the same fate, is nearly domesticated at present,

(ind multiplies rapidly, yielding no less than twelve

thousand skins per annum. The inhabitants of this region,

the Chukchecs (Tuski, or Chaouktoos), who number no

more than 12,000 souls (according to some authorities

only 5000), seem to have immigrated from the south

;

tlieir racial characters make them an ethnological link

between the Mongols of Central Asia and the Indians of

America ; they are also very nearly akin in their features

and customs to the Eskimo. They are subdivided, how-
ever, into two distinct branches, with different customs

and languages, Those of the iuWior support themselves

by reindeer breeding (herds of ten thousand being not

uncommon) and by hunting ; whilst those of the coast live

by fishing, and are very poor. All travellers who have

had dealings with Chukchees speak in the highest terms

cf the character of the former branch, and of the fraternal

feelings shown by thetn in their mutual relations. The
Koryaks (about 5000), who occupy the southern part

of this region, are nearly akin to Chukchees. Tbey
extend their migrations also to the northern part of

Kamchatka. Those of the interior are reindeer proprietors

and hunters, and like the Chukchees are quite independ-

ent, own no superiors, and live in federations of families.

They have firnfly resisted Eusuian conquest; and there are

tribes among them which still refuse to pay the yasak

(tribute in"furs) to the Russian authorities. Their national

character is described Tjy travellers as very different from

that of the settled Koryaks of the coast, who live in the

utmost poverty, and have acquired vicious habits f"-
•'

their intercourse with European and American sailors.

The middle part of the Maritime Province is a nairr.w

Btrip'of land (40 to 60 miles wide) along the shores.of the

Sea of Okhotsk, including the basin of the Ud in the south.

This area is occupied by wild mountains, 4000 to 7000
feet high, forming the eastern border of the high plateau

of Eastern Siberia. Thick forests of larch clothe the

mountains to nearly one-half of their height, as well at

the deep valleys, where short streams discharge iuto the

Pacific the water produced by the melting of accumulations

of snow and ice (nakipi, naledi). The undulating hills of

the basin of the Ud, which is a continuation to the south-

west, between the Stanovoy and Bureya mountains, of the

Jeep indentation of the Sea of Okhotsk, are covered with

forests and marshes. Only Tunguses visit these inhospit-

ible mountain wildernesses and the bays of the coast,

living by hunting or fishing.

The southern part of the province includes two distinct

regions. From the north-eastern extremity of the Bureya,

>r Little Khingan range, of which the group of the Shantar

[slands is a continuation, a wide and deep depression runs

louth-westwards to the junction of the Amur and Usuri,

»nd thence to the lowlands of the lower Sungari. It is

for the most part less than 500 feet above sea-level.

The Amur, which takesanorth-eastem course afterreachingthese

"owlands, rua3 close to their easteru boundary, at the foot of the

nountains oJ the sea-coast ; whilst on its left or western bank it

ipreads into numberless lakes and marshes, large and small, and
ixtensively inuud\te3 the swamps at time of flood. The area on
she right banks of the Amur and Usuri, between these rivers and
she sea-coast, is pcoupied by a very little known hilly tract consist-

ing of several intricate systems of mountains, usually represented on
naps as a single range, and know under the 'general name of

5iknota-alin. The summits reach the height of 5150 feet (Golaya

Bora peak) and the average elevation of the few passes is about

2500 feet. There is, however, one depression in these niountains;
occupied by Lake Kizi, which may have been at one time an outflow
of the Amur to the sea. The Sikhotaalin mountains are covered
with tliick impracticable forests, through which a passage can be
forced only by means of the. hatchet. The lowlands and the count-
less islands of the Amur are covered witli a grass vesetation ns
luxuriant as th.it of the forests, and present the same difficulties to
the pioneer, lleibaccous plants, 7 to 10 feet higli, intertwined with
numberless climbing plants, cover the soil with au impcnetrablo
thicket, and, wlien destroyed by fire, rapidly grow again to their
former height. The flora and fauui of tins region (especially in tlio

Usuri district) exhibit a striking combination of species of wanii
climates with those of subarctic regions ; the wild vine clings to tho
larch and cedar-pine, and the tiger meets the bear and the sable.

The quantity of tish in the rivers is immense, and in August tho
wide channels of the Amur and Usuri literally swarm with the
ascending salmon. The mountain-wildernesses are visited by no-
madic Tungusi'.<!, while the banks of the great rivers are inhabited,
besides Russians, by Golds and Orochons, both of Tungusian origin,

and the lower Amur by Ghilyaks, closely allied to the Ainos of
Saghalien. Wapchus and Chinei^ are scattered hero and there
among the Eus .an population on th» right bank of the Usuri.

The best part of the Maritime Province is at its southern
extremity, in the valley of the Suifuu river, which enters the Pacific

in the Gulf of Peter the Great, and on the shores of the bays of the
southern coast, where new settlements have appeared since this
territory was ..nnexed to Russia in 1860. But even hero the
climate is very harsh. The •.varni sea-current of the Kuro-sivo does
not reach the coasts of Siberia, while a cold current, originating in
the Sea of Okhotsk, brings its icy water and chilling fogs to the
coasts of Saghalien, and flows along the Siberian shores to the
eastern coast of Corea. The high mountains of the sea-coast and the
monsoons of the Chinese Sea contribute to produce in the southern
parts of the JIaritime Province cold winters and wet summers.
Accordingly, at Vladivostok (in the Gulf of Peter the Great),
which has the same latitude as JIarseilles, the average yearly tem-
perature is only 39°'5 Fahr^, and the harbour is irozen for nearly
three months ; the Amur and Usuri are frozen in November.
Towards the end of summer the moist monsoons cause heavy raiB-

falls, which destroy the harvests and bring about such inundations
that even in the two miles wide channel of the Amur tho wates
within a few days rises more than 15 feet, and covers the low-
lands to a breadth of 15 to 20 miles ; the navigation also becomes
dangerous for small river steamers and barges, on account of

storms f'oni the Chinese Sea. The sea-coast farther north has
a continental and arctic climate. At Nikolayevsk, temperatures as

low as -41°'5 Fahr. are observed in winter, and as hig'i as 94°"6

in summer, the averaM yearly temperature being below zero ( - 0'9).

At Ayan (56° 2T N. lat.) the average temperature of the year is

25°-5 {-0°'4 in winter, and 50°'5 in summer), and at Okhotsk
(59° 21' N lat.) it is 23° ( -6° in winter, and 52°-5 in summer). •

Russian settlements occur at intervals throughout the whole of

the province, but, with exception of those on the banks of tho

Amur and Usuri, and the southern ports of tho sea-coast, they are

mere ceiltrcs of administration. Anadyrsk on the Anadyr river,

Penzhinsk and Ghizhiga at tho heads of bays of the same name,
Ayan on the coast of the Sea of Okhotsk, and Uilskoy Ostrog on tho

river Ud, all have played an important part in the conquest of

Liberia by Cossacks and merchants ; but at present they are only

small blockhouses with a few buildings around them, and the seat

of local authorities ; the population of none exceeds two hundred.

Okhotsk, which has given its name to the sea between Kamchatka
and the Siberian coast, is one of the oldest towns of Eastern Siberia,

haxdng been founded in 1649. UntU the acquisition by Russia

of the Manchurian sea-coast, this port, 700 miles distant from

Yakutsk, poor though it is, was an object of special solicitude to

the Russian Government for the maintenance of its possessions on

the Pacific. It is connected by a bridle path with Yakutsk, and

even in 1851-56, during the conquest of the Amur, all communica-

tion with the mouth of the Amur was by this route. It has now
but 210 inhabitants. Nikolayevsk, on the left bank of the Amur,

23 miles from its mouth, was until lately the capital of the Mari-

time Province. Great expectations were formed regarding it when

it was founded in 1851. It was provided with machine-work.«,

foundries, and dockyards, and was proclaimed a free port. Butlho
dilBculties of navigation and of communication with the interior,

and the complete failure of the governmental colonization of the

Amur, made the prosperity of the new Kussian port on the PaeiHc

impossible, and the seat of government was transferred to tho

more central Khabarovka. At present Nikolayevsk has only 3500

inhabitants, nearly all military or officials, and a few foreign

merchants trading chiefly in groceries and spirits. The port is

visited every year by from twenty to twenty-hve ships importing

manufactured and grocery wares to the value of about £100,000,

and of wines and spirits estimated at £20,000. On the banks of

the Amur, from Nikolayevsk to the mouth of the Usuri, is a chain

of Russian settlements at distances not exceeding 25 miles. Their
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Soliabitaiits, free sctllcrs from riiissla, arc very badly off on account

of the difficulties of agriculture in tliis region, and from tlie bail

selection of sites. JIany have migrated to the sea-coast, whilst

those who still remain are for the most part very poor, and almost

every year require to be provided by Government with corn brought

from Transbaikalia. Sotiysk (1000 inhabitants, of whom 700 are

military) is a purely miliiiiry post. Khabarovka, on a high promon-

tory at the coulluence of the Amur and Usuri, is the present ca j>ital

of the Maritime I'roviuce. It h.is a settled population of about

seven hundred, besides military and officials. A few Russian mer-

chants carry on an active trade in furs with natives (about £20,000

Ji year), in silver money brought from Russia and sold to Chinese,

and iu spirits and groceries. The Russian settlements on the right

bank of the Usuri are very like those of the lowtr Anmr. The

jieasants, who have received the name of Cossacks, and have a mili-

tary organization, with the exception of a few settlements on the

npper Usuri, arc mostly in a wretched condition, and since 1859

liiive been dependent for food almost every year on Government aid.

A line of posts and settlements connects the villages of the Usuri

with the settlements on the shores of the Gulf of Peter the Great.

This wide gulf,divided into two long bays,—those ofAmur and Usuri,

which are connected by an inlet called the Kastern Bosphorus,—

is regarded as the principal port of Russia on the Pacific, and the

town on the inlet has received the name of Vladivostok ("ruler of

the E.ast ") ; its spacious harbour, very similar to that of Sebastopol,

h.-.s been called the Golden Horn. At present Vladivostok has, how-

ever, merely the aspect of a middle-sized Russian village. One-half

of its 8500 inhabitants are Chinese and Coreans, the other half

being military and officials. All necessaries of life, including rye-

bread biscuits, continue to be imported by sea, and every spring,

before the opening of the navigation, provisions become scarce.

The trade is in the hands of Chinese, who export stag-horns, sea-

weed, and mushrooms to a value of about £10,000 a year, and of

Cevnians, who import groceries and spirits (£2l8,500 in 1879). The
entrance to. the harbour is well-fortilied, and the town possesses a

machine-work, storehouses, and a station of the Northern Tele-

graph Company. Other settlements (at the Imperial, Vladimir,

and Olga harbours, &c.) are developing very slowly. Altogether

the Russian population of these settlements has still a provisional

character, and has to overcome great difficulties before it can become

independent of the interior for its means of subsistence. The total

population of the Maritime Province is estimated at 20,000 Russians,

(12,000 military and officials), and at about 37,000 natives; but this

is certainly under the truth. The province is made up of one terri-

tory—that of the Usuri—and six circles [ukrughi) :—Nikolayevsk,
Sotiysk, Petropavlovsk (Kamchatka), Okhotsk, Ghizhighinsk, and

Udskoy; the territory of the Usuri is subdivided into five circles:—
Usuri, Snifun, Khangka, Avvakumovo, and Suchan. (P. A. K.)

MARIUl'OL, a seaport of Russia, on the northern shore

of the Sea of Azoff, at the mouth of the Kalmius, in the

government of Ekaterinoslav, 55 miles west of Taganrog.

It is connected by a branch railway with the lino between

Kharkoff and Taganrog, and is situated on the highway

between the latter town and the Crimea. The place is said

to have been inhabited in remote times under the name of

Adamakha; but the present town was built only in 1779

by Greek emigrants from the Crimea who settled on the

shores of the Sea of Azoff and on the left bank of the lower

Kalmius. Mariupol is the chief town of this district, the

40,000 inhabitants of which are engaged in agriculture,

cattle-breeding, and fishing, and sell their produce in the

town. In export trade Mariupol ranks next to Taganrog

among the ports of the Sea of Azotf ; but its harbour is

open to the south-cast and shallow, the line of 14 feet

being li miles from the shore, with a narrow strip, 12 to

22 feet deep, which allows larger flat-bottomed ships to

approach the town, especially during south-east winds.

Like all ports on this sea it is becoming more and more
shallow. JIariupol is visited every year by about 150
foreign ships (about 30,000 tons) and by 700 to 8G0
coasting vessels (65,000 tons), mainly carrying wheat and
linseed, as also skins and tallow, from tho Greek district,

and from tho provinces of Don and Ekaterinoslav. Tho
importance of tlio port may increase when the mineral
riches of tho district (coal close to tho seashore, kaolin,

and quartz sand) are exploited. Population, with two
suburbs, Marinsk and Karasou, 9800
M.MUUS, Cars (l55-8f> n.c), is one of tho most

atriking figures in llomau history. Born the son of a

small farmer at Arpinum (Arpino), the birthplace S\ao

of Cicero, in 155 B.C., he worked his way up from this

humble origin, in spite of the most determined opposition

from the senate and the aristocracy, to the highest posi*'

tion in the state, was seven times consul, and was spokea
of as a tliird Romulus and a second Camillas. He began
life as a soldier, and first saw war in Spain under the

great Scipio Africanus, whose good opinion he won, and
so rose from tho ranks to bo an ofiicer. But this was not

enough to help him forward, on his return to Rome, in

rising to those political offices which were invariably a
stepping-stone to the highest military rank. He had,

however, when about forty years of age, the good luck to

marry a great lady, of patrician rank, Julia, the aunt of

Julius Caesar; and, being at the same time a popular

favourite, as a man of plain and simple tastes, and a brave

energetic soldier, he was in 115 B.C. elected praetor, which

gave him an opportunity of still further showing his

military ability in the thorough subjugation of the trouble-

some province of Further Spain (Spain west .of the Ebro),^

where a good officer was specially wanted to check the

marauding raids of a number of wild tribes. But it was
in the war with Jugurtha, from 109 to 106 B.C., that

he distinctly came to the front as the lieutenant of the

consul Quintus Metellus. It would seem that his conduct

towards his superior officer was not perfectly straightforward

and honourable, as he tried to make the Roman traders in?

Africa, and through thont the people of Rome, believe

that the war was intentionally prolonged from corrupt

motives'. Under the circumstances this was comparatively

easy, as political feeling was just at this time particularly

bitter, and the senate was reputed, not without some good

reason, to be venal and corrupt. Already Marius had
achieved somo important successes over Jugurtha, and had
shown that he was the man to settle a tiresome guerilla war,'

and now, when he was a little over fifty, in 107 B.C., he was,

amid great popular enthusiasm, elected consul for the first

time. In the following year, in conjunction with his future

political rival, Sulla, he brought the_war to a triumphant

issue, and passed tvw years in his provinceofNumidia, which

ho thoroughly subdued and annexed to Rome's dominion. •

By this time Marius was generally recognized as the

ablest general of the day, and in face of the great peril

now beginning to threaten Rome from the north of the

Alps, where an immense multitude of Cimbri and Teutones

were hanging on the borders of Italj', public opinion

promptly summoned him to the chief command. Two
armies had been utterly destroyed in the neighbourhood of

the Lake of Geneva, and it seemed as if a repetition of the

disaster of AUia in 390 B.C., and the capture of Rome itself,

might be not impossible. Marius, out of unpromising

materials and a demoralized soldiery, organized a well-

disciplined army, with which he inflicted on the invading

hordes two decisive defeats, the first in 102 B.C. at Aquaa

Sextiae (Aix in the department of Benches du Rhoue, some
way north of Marseilles), and the second 'in the following

year at Vercellaj (Vcrcelli, about midway between Turin

and Milan), the result being that for a period of soma
centuries Rome had nothing to fear from the northern

barbarians. Deservedly indeed was Marius elected consul

a fifth time, hailed as the "saviour of his country," and

honoured with a triumph of unprecedented splendour.

The really glorious part of his career was now over, and

tho remainder of his life is associated with the worst

cruelties and horrors of civil war, revolution, and proscrip-

tion. The hideous strifes of Marius and Sulla have passed

into a proverb. It is indeed a dreadful and monotonous
story of bloodshed, but it must be carefully studied if we
are to understand the nature of the political changes which

had their final development in imperialism. Marius was a
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plaiu, rough, though very able, soldier, without any of the

intellectual culture which is iiiilispcasable to a statesman,

(iiid which the Gracchi, his political ancestors, possessed.

As a politician he on the whole failed, though almost to

the last ho had the confidence of the popular party. But
lie unfortunately associated himself with low and vulgar

jleniagoguei, men probably mora degraded than the worst

pf the senators and of the aristocracy, and thus, although
perhaps he never quite sank to their level, he let himself be
guilty of cruel and perfidious acts, which it is hard to

rsconcile with the character of a brave man ^nd a hero,

pe was indeed appointed in SS B.C., after a riot and partial

;evolution, to the command in the war in the East with

Mithridates, bnt the triumph of Sulla and the aristocratical

party almost immediately afterwards drove him as an
pullaw from Lome, and he had to seek safety amid the
marshes round Miuturnaj (Garigliano) in Latium. The
Gallic trooper sent by the local authorities to strike off the

old man's head quaUed, it is said, before the fire of his

eye, and lied with the exclamation, " I cannot kill Cains
Marius." Meantime, in the absence of Sulla, who had left

Italy for the Mithridatic war, Cinna's sudden and violent

revolution had put the senate at the mercy of the popular

leaders, and Marius greedily caught at the opportunity of

a bloody vengeance, which became in fact a reign of terror

in which senators and nobles were slaughtered wholesala

He had himself elected consul, for the seventh time, in

fulfilment of a prophecy given to him in early manhood.
Thus, full of honours in one sense, bu,t really hated and
execrated, ha closed his career, dying in the delirium of

fever in 8G B.C., at seventy years of age.

Marius was not only a great and successful general, bnt
also a great military reformer. A citizen militia was from
his time exchanged for a professional soldiery, which had
hitherto been as little liked by the Roman people as it was
by onr own ancestora. A standing army, their instincts

told them, would be a ready tool of despotisnc^ apd indeed

the changes of which Marius was the author paved ihe way
for the subsequent military imperialism. The Rom«.n
Boldier was henceforth a man who foond Ids home in the

camp, and who had no trade but war. A great general

could hardly fail to become the first and foremo-ot man in

the state. Marius, however, himself did not attempt to

'

overturn the oligarchy, as Caesar afterwards did, by meaas
of the army, but rather by such expedients as the constitu-

tion seemed to allow, though they had to be backed up by
street riots and mob violence. He failed as a political

reformer because the merchants and the moneyed classes,

w^hom the more statesmanlike Gracchi tried to conciliate,

feared that they would themselves be swept away by a

revolution of which the mob and its leaders would be the

ultimate controllers. The farmer's son, the rough blunt

Boldier, the savionr of his oonntry in middle life, and its

curse and pest in his old age, had a decided tinge of fanati-

cism and that vein of superstition which is often allied to

such natures. lu matters so. important as canvassing for

the consulship he would be guided by the counsels of an
Etmscan soothsayer, and would be accompanied in his

campaigns by a Syrian prophetea^ Tha fashionoble accom-
plishments of theday,aad the newGreek culture,werewholly
ab'en to his taste, and he was thus really disqualified for

the political life of his time. When his military career was
once ended, failure and disgrace became a certainty for him.

For the life of Marius our original sources .ire a multitude of
pnssages in Cicero's works, Sallast's JugurtJutn JVar, the epitomes
of the lost books of Liyy, Plutarch's Lives, &c. In Smith's
Biographical Dictionary the life is given at great length, and the
details stated generally with great accuracy. • In llommsen's History
tifJiome, l)k. iv. chaps. 6, 7, 8, a clear picture ofthe whole period is
Vresented to as ; andNiebulir'sZ«/KrcsOTt7?o);!areJ7J5ton/(tecture3
«1-S6) may be Konsolted, with great advantego.

MARrVAUX, PiEBBB Ua&let de Ch-vmblain db
(168&-1763), novelist and dramatist, was born at Parw
on the 4th February 1C88. His father was a financier of

Norman extraction, whose real name was Carlet, but who
after the loose fashion of the period assumed the sarname
of Chamblain, and thfen, finding that others of hia

class had chosen the same, superadded that of Marivaux.

M. Carlet de Marivaux, however, was a man of good reputa-

tion, and he received the appointment of director of the
mint at Riom in Auvergne, where and at Limoges the
young Pierre was brought up. It is said that he developed
literary tastes early, and wrote his first play, the Pera
Prudent et Etpdtable, when he was only eighteen ; it waa
not, however, published till 1712, when he was twenty-

four. His chief attention in those early days was paid to

novel writing, not the drama. In the three years from 1713
to 1715 he produced three novels

—

Les Effets Surprenantea

de la Sympathie, La Voiture Emhourbce, and a book which
had three titles Pharsamon, Les Folies Homanesqites, and
Ee Don QuichoUs Moderne. All. these boOks were in a
carious strain, not in the least resembling the pieces which
long afterwards were to make his reputation, but following

partly the Spanish romances and partly the heroic novels

of the preceding century, with a certain intermixture of tho

marvellous. Then Marivaux's literary ardour took a new
phase. He fell under the influence of La Motte, and
thought to serve the cause of that ingenious paradoxer by
travestying Homer, an ignoble task, which he followed up
by performing the same office in regard to Ftinelon. His
friendship for La Motte, however, introduced him to the

Jferaire, the chief newspaper of France, where in 1717 he
produced various articles of the " Spectator " kind, which
were distinguished by much keenness of observation and
not a little literary skill. It was at this time that tHe

peculiar atyle called_Marivaudage first made its appearance

in him. The year 1720 and those immediately following

were very important ones for Marivaux ; not only did he
produce a comedy, now lost except in small part, entitled

L'Amonr et la Yerite, and another and far better one
entitled Arlequin Pollpar I'Amour, but he wrote a tragedy,

Annibal, which was and deserved to be unsuccessfuL

Meanwhile his worldly affairs underwent a sudden revolu-

ticit His father had left him a comfortable subsistence,

but he was persuaded by friends to risk it in the

Mississippi scheme, and after vastly increasing it for a
time lost all that he had. Eis prosperity had enabled

him to marry a certain Mademoiselle Martin, of whom
much good is said, and to whom he waa deeply attached,

but who died very shortly. His pen now became almost

his sole resource. He had a connexion with both the

fashionable theatres, for his Annibal had been played at

the Com^die Frangaiae and his Arlequin Poli at tho

Comedie Italienne^ where at the time a company who
were extremely popular, despite their imperfect command
of French, were established. He endeavoured too to turn

his newspaper practice in the Mercure to more account by
starting a weekly Spectaieur Fran^ais, to which,he was the

sole contributor. But his habits were the reverse of

methodical; the paper appeared at the most irregular;

intervals ; and, though it contained some excellent work, its

irregularity killed it. For nearly twenty years the theatre,'

and especially the Itab'an theatre, was Marivaux's chief

support, for his pieces, though they were not ill received

by the actors at the Fran(>-ai3, were rarely successful therei

The best of a very large number of plays (Marivaux'^

theatre numbers between thirty and forty items) were the

Surprise de FAmour (1722), the Triomphe de Plutui

(1728), tho Jeu de PAmour et du Hasard (1730), Les
Fausses Confidences (1737), all produced at the Italian

theatre, and Le Legs, produced at the French. Meanwhila
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he had at intervals returned to both ^lis otlier lines of

composition. A periodical publication called Ulndi/jent

Philosophe appeared in 1727, and atiother called Le
CaLiiiet du ridloeoplie in 1734, but tiio same causes which

Lad proved fatal to the Speclnfeur prevented these later

eflbrts from succeeding. In 1731 Marivau.x published the

first two parts of his best and greatest worlc, 2[anruine, a
novel of a now and remarkable kind. As was usual, how-

ever, with him when he ventured on any considerable task,

he was very slow with it. The eleven parts appeared in

batches at intervals during a period of exactly the same
number of years, and after all it was left unfinished. In

1735 another novel, the Paysan Panemi, was begun, but

tills also was left niifinished. The year afterwards

Jfarivaux, who was then nearly fifty years of age, was
«ir0Ctadof the Academy, tie survived for more than twenty

years, and was not idle, again contributing occasionally to

the Merrnre, writing plaj-s, "reHcxions" (which wereseldcm
<if much woitii), and so forth. He died on the 1 2th

February 1763, aged seventy-five ytara.

The personal clmracter of ilarivaiix was curious and somewhat
eontnidictory, tliQUfjIi not without nnalofpcs, one of the closest of

nliicli is to bo foiuiJ in GolJsiuith. tie was, however, unlike
Goldsmith, at least aa brilliant in conversation as with the pen. He
was extremely good-natured, but fond of saying very seveie things,

unhesitating in his acceptance of favours (he drew a regular annuity
from Helvetius), but exceedingly touchy if he thought himself in

any way slightci Ho mus, though a great cultivator o{ sensibilili,

on the whole decent and moral in his writings, and was unsparing
in his criticism of the nsing Philosophca. Tnij last circumstance,

and perhaps jealousy .is well, made him a dangerous enemy in

Voltaire, who los.t but few opportunities of itpeaking disparagingly
of him. Not very much is known of his life, though anecdotes of

Jiis sayings are not uncommon. He had good friends, not merely,

.s has been said, in the rich, generous, and amiable Helvetius, but
Jn Madame de Tencin, in Fontenelle, and oven iu Madarne do
Pompadour, who gave him, it is said, a considerable pension, of the
source of which he was ignorant. It is even asserted that annoyance
at the discovery of the origin of a bencDt which he thought camo
directly froTu tlic king hastened his death ; and, tliough this is

scarcely likely, his extreme sensitiveness is shown by many stories,

one of which carries out in real life and almost to the letter

Farquhar's famous viot as to "laughing consmnedly." He had one
(laughter, who took the veil, the duka of Orleans, the regent's
successor, furnishing her with her dowry.
We Iiave no space here for a detailed criticism of Marivaux's

extensive worlc The so-calleil JMarivaudage is the main point of
importaiice about it, though the best of tlie comedies have great
merits, and Hariatme is an extremely important step in the
legitimate development of the French novel,—legitimate, that is, iu

opposition to the brilliant but epi.sodio productions of Le Saee. The
sabjcct-m.tttcr of Marivaux's peculiar style has been generally and
Avith tolerable ex.ictness doscrihccl as the metaphysio of love-making.
His characters, in a happy phrase of Crebillon's, not only tell each
other and the reader everything they have thought, but everything
that they would like to persuade themselves that they have thought.
The style chosen for this is justly regarded as dorired mainly from
Foutenelle, and through him from the Precieuses, though there are
traces of it even in La liruyero. It abuses metaphor somewhat, and
delights to turn olf a nietaplior itself In some uncxiwcted and bizarre
fashion. Now it is a familiar phrase which is used wjiere dignified
language would be expected ; now the reverse. In the same
criticism of Crebillon's which lias been already quoted occurs
another happy description of Jlarivaux's style as being "an intro-
dueliou to each other of words which have never made acquaintance,
and which think that they will not get on together," a phrase as
happy in its imitation as in its satire of the stylo itself. Yet this
fantastic embroidery of language has a certain charm, and suits
perhaps Iwtter than any other style the somewhat unreal gallantry
and sciisihiliU which it describes and exhibits. The author possessed,
moreover, both thought aud observation, besides considerable com-
mand of pathos. He is not, and is never any more likely to be,
lenerally popular, but he is one of the authors iu whom those who

like them rj-e sure to take particular delight.

Tlic best nn^ mo»t complete ediHon of >far!vaux Is that of 1781, 12 vols. 8ro.
Tlioi-o li a Kood modern ediilon of llio ploys by E. Foin-nlcr, ami anolhcr of
Mafiatirte rtitd Hio PavKm Parprntt In two volumes. J. Fleiiry'a MaritaiiT et Ic
Maritaudagc (Paris, ISiill Is worlU consnliing by tUose wlio are Inlci-ntcil In the
""l>je-t- (G. SA.)

MARK, the traditional name of the author of the Second
Gospel. The name Mark occurs in several books of the
New Testament. Iu the A.-^ts of the AposUcs, chap. sii. _

s;

mention is made of "John whose surname was ^ilark," to
the house of whose mother, Mary, at Jerusalem, P°ter went
when miraculously released from prison.i This John Mark
went with Barnabas and Paul on their missionary journey,

as far as Perga in Painphylia, and then, " departing from
them, returned to Jerusahm" (Acts siL 25; siii. 13).

His departure was afterwards the occasion of a "sharp
contention" between Paul and Barnabas; the former
" thought not good to take with them him who withdrew
from them from Panipliylia, and went not with them to

the work "
; the latter " took Mark, and sailed away into

Cyprus" (Acts xv. 38, 39). On the subsec^uent history

of Mark the Acts of the Apostles are silent

The same name JFark occurs iu three Pauline epistles;

(1) In Col. iv. 10 the writer enumerates Mark among bis

fellow-workers, mentioning also that he was a nephew (somo
translate " cou.^in ") of'Barnabas, and implying that he was
a Jew ("of the circumcision "), He is evidently about to

send him, in accordance with a previous intimation, on a
special mission to the Colossians ; but there is no evidence,

except the statement of the Coptic subscription to the
epistle, to show whether tlis contemplated journey took

' place. (2) In Philemon 24 the writer also mentions ilark

I
as one of his fellow-workers, i.e., probably in preaching the

gospel during his imprisonment at Home. (3) In 2 Tim.
iv. 11 the writer givea the charge to Timotliy, "Take
Mark and bring him with thee, for he is useful to me foe

ministering." It is a plausible conjecture that this is a
request that Mark might be brought back to Rome after

his mission to Colossie.

The same nam^ also occuniin 1 Peter-v. 13, "Ifark, my
so;i." This expression has sometimes been taken literally ;

but it is more usually understood iu a metaphorical sense, as

me8:?ing that Peter had converted Mark. Those who take

"Babylon" iu the same passage to mean Rome necessarily

infer that JIark was with Peter at Rome ; a tradition to the

same effect is mentioned in fragments of Clement of

Alexandria, preserved in Eusebius, //. E., ii. 15 ; vL 14.

The preponderance of patristic and mediceval tradition is

in favonrof the hypothesis that th« samo person is designateij

in all these passages of the New Testament But other

hypotheses have fimnd favour, especially among those

writers of various schools who have felt a difficulty in under-

standing how the same person should be an intimate com-
panion at once of St Paul and of St Peter. It has been
supposed (1) that the John Mark of the Acts is the !Mark of

the Pauline epistles, but not tho Mark of 1 Peter; (2) that

the John Mark of tiie Acts, the Mark of the Pauline epistles,

and the Mark of 1 Peter are all different
; (3) that the

John Mark of the Acts is the Mark of 1 Peter, but not the

Mark of the Pauline epistles. Into the arguments for these

several hypotheses it is unnecessary to enter here ; they

are of course complicated by the prior question of the

authenticity and date of the books of the New Testament

in which the name occurs. The most elaborate modern
discussion of the question, which arrives at the conclusiou

that the first of the three hypotheses just mentioned is the

true one, is contained in tho work of ilolini, whose title is-

given below. But, whether there was only one Mark or

more than one, there is a general belief, which rests ulti-

mately ou the testimony of tho presbyter (John) who i»

quoted by Papias (ap. Euseb.,//. E., iiu 39, 15), that the

second canonical Gospel, or its original, is to be ascribed to

the Mark who was the disciple of St Peter.- Of this MarV

' This double name, the one Jewish, tho olh«r Rom.an, may be coiu-

pared with the double name "Saul, who Is also caltod Paul," in

succeeding chapters of tho Acts ; sometimes the doublo name, somer
times one or other of the single names, is used.

"Most of the arguments by which Kienlen (5<i«J. u.~/Mf^l8iS,
p|i. 4r>.3 stj,} eu'leovouri' to :jljy\Y *bat tbo r^-ospel ij the. ua)rV» j-tf ^lu
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tte evangelist, as of other persons. whose names are pro-

minent in the New Testament, tlieie is a largo mass of

traditional biography, in wliich possible fact and obvious

fiction are so closely interwoven as not to be easily dis-

entangled, and which would not bo worth recording were

it not for the later historical associations which have

clustered round it.

Of Mark's birlh and country nothing is positively known ; the

majority of nicJi.eval writers state that he was a Levite ; hut this

is probably no more tlian an inference from his snpposcd relationship

to Barnabas. The Alexandrian tradition seems to have been tliat

lie was of Cyrena;an origin ; and Severus, a writer of tlie 10th

century, adds to this the statement that his lather's name was

Arittobulus, who, with his wife Mary, was driven fronr the

Pcutapolis to Jerusalem by an invasion of barbarians (Severus

Aschirnon, np. Reuaudot, Uist. Patrimxh. Alex., ]>. 2). In the

apocryphal Arts of Barnabas, which profess to be written by him,

lie speaks of himself as having been formerly a servant of CyriUus,

the high priest of Zens, and as havin;; bceji bajitized at Iconiuin.

Tlie ]iresbyter John, whom Papias quotes, says distinctly that " he

neither heard the Lord nor accompanied Him" {ap. Eusebius, I.e.) ;

and this positive statement is fatal to the tradition, which does not

ajipear until about two hundred and fifty years afterwards, that he

was one of the seventy disciples (Epiphanius, pscudo-Oiigcu Dc recta

tre ZJt'iinj/tfc, and the author of tlic Paschal Chronicle). Various

other results of the tendency to fill np blank names in the gospel

history must bo set aside oa the same ground ; it was, for example,

believed that Mark was one of the disciples who "went back"
because of the "hard saying" (pscudo-Hippolyt., De LXX,
ytpostolis in Cod. Barocc. ap. Migne, Pedro!. Grasc, vol. x. 955);
there was an Alexandrian tradition that he was oue of the servants

at the miracle of Cana of Galilee, that he was the "man bearing a

pitcher of water" iu whose house the last supper was prepared,

and that he was also the owner of the house iu which the disciples

met on the evening of the resurrection (RenauJot, I.e.) ; and even

in modern times there has been ihe conjecture that he was the

•'certain young man" who "fled naked" from Gethsemane, Mark
xiv. 51, 62(01shausen).

A tradition which was widely diffused, and which is not in itself

improbable, was that he afterwards preached the gospel and presided

over the chnrch at Alexandria (the earliest extant testimony is that

of Eusebius, II. £., ii. 16, 1; ii. 24 ; for the fully-developed legend

of later times see Symcon Jletaphrastes, Fita S. Marci, and
Eutyehius, Origines Bcelesias AlcxandrUise). There was another,

though perhaps not incompatible, tradition that he preached the

gospel and presided over the church at Aquileia in North Italy. The
earliest testimony in favour of this tradition is the vague statement

of Gregory of jfazianzus that Mark preached in Italy, but its

existence in the 7th century is shown by the fact that iu 629 A.D.

Heranlins sent the patriarchal chair from Alexandria to Grado, to

•which city the patriarchate of Aquileia had been then transferred

{Chron. Patriarch. Graclcns . ap. Ughelli, Italin Sacra, torn. v. p.

1086 ; for other references to vhe general tradition see De Rubeis,

Monum. Eccles. Aquilcien., e. 1 ; Acta Sanctorum, ad April, xxv.).

It was through this tradition that Mark became connected with
Venice, whither the patriarchate was further transferred from
Crado ; an_ early Venetian legend, which is represented in the
Cappella Ze'n in the basilica of St Mark, anted.atesthis connexion by
picturing the evangelist as having been stranded on the Rialto, while

it was still an uninhabited island, and as having had the future

preatness of the city revealed to him (Dandali, Uhron., iv. 1, ap.

JUuratori, Her. Ital. Script., vol. xii. 14).

The earliest traditions apjirar to imply that he died a natural
/Icath (Eusebius, Jerome, and even Isidore of Seville) ; but the
JIartyrologies claim him as a martyr, though they do not agree as

tn tlie manner of his martyrdom. According to the pseudo-
HipiKilytus he was burned ; but Symcon Metaphrastes and the
Paschal Chronicle represent him to have been dragged over rough
stones until he died. But, however that may be, his tomb appears
to have been venerated at Alexandria, and there was a firm belief

at Venice in the Middle Ages that his remains had been translated
thither in the 9th century (the fact of the translation is denied
even by Tillemont ; the weakness of the evidence in snpjiort of the
tradition is apparent even in Molini's vigorous defence of it, lib. ii.,

«. 2; the minute account which the s.imo writer gives, lib. ii. c. 11,

of the discovery of the supposed actual bones of the evangelist in

1811 .A. D., is interesting). There was another though less widely
accepted tradition, th.at the remains soon after their translation to
Venice were retranslated to the ^abbey of Reichenau on Lake
Constance ; a circumstantial account of this retranslation is given
iu the treatise Ex Mirncitlis S. ilarei, ap. Pertz, Mon. Hist.

Pauline and not of tlie Petrine Mark are used by other writers in

anpport of the hypothesis that in its present form it is uot the work of

which Papias speaks.

German. Smpf.., torn. V. p. 449. It may he a^ded thaj tho
Venetians prided themselves on possessing, not only tho boily of St

Mark, hut also the autograph of his Gospel ; this autograjih, how-
ever, proved on examination to be only part of a6lh-cenUuy book of

*

the Gospels, the remainder of which was published by Bianchini as

the Evangcliarium, Forojulicnse \ the Venetian part of this MS. was
found some years ago to have been wholly destroyed by damp.

It has been at various times supcosed that Mark »rote other

works besides the Gospel. Several books of tho New Testament
have been attributed to him : viz., the Epistle to the Hebrews
(Spanheim, Op. Miscell., vol ii. p. 240), the Epistle of Jude (c/.

Holtzmann, I)ie Synoptisehe Exangelicn, p. 373), the Apocalypse
(HiUig, Weber Johannes J/arats, Zurich, 1843). Tlie a)ioei7phal

Acta ilarnabm purport to have been written by him. 'i'hcre is a
liturgy which bears his name, and which exists in two forms ; the

one form was found in a MS. of the 12th century in Calabria, and
is, according to Reuaudot, the foundation of the three liturgies of

St Basil, St Gregory Nazianzen,. and St Cyril ; tho other is that

which is used by the Maronite and Jacobite Syrians. Both forms

h;ive been published by Renaudot, Liturg. Oriental. Collect, vol. i. p.

127, and vol. ii. p 176, and in Neale's Histori/ of the Holy Eastern

Church; but neither has any substantial claim to belong to the

ante-Nicone period of Christian literature.

Tho symbol by which Mark is designated in Christian art is

usually that of a lion. Each of the "four living creatures" of

Ezekiel and tho Apocalypse has been attributed to each of the four

evangelists iu turn ; Augustine and Bede think that Mark is desig-

nated by the "man"; Theophylact and others think that he is

designated by th'e eagle ; Anastasius Siuaita makes his symbol the

ox ; but medisval art acquiesced in the opinion of Jerome that he
was iniUcated by the lion. Jlost of the martyrologies and calendars

assign April 25 as the day on which he should be commemorated';
but the Martyr. Hieron. gives September 23, and some Greek
martyrologies give January 11. This unusual variation probably

arises from early dilTerences of opinion as to whether there was one
Hark or more th.an one.

Tlic work of Canon JloUnl of Venice, De Vila el LipsanU ". Marci ErangclMx,
eilitcd, afier the author's ilealh, by S. Pieralisi, the librarian of the liaiberini

librnry. in 1864, gives fuU information on ail that relates lo the subject of tlio

present an iclc. ^E. HA.)

MARK, Gospel of. See Gospels.

MARKIECH (in French, SU-Marie-aux-Mines), a flour-

ishing industrial town of Germany, in Upper Alsace, circle

of Rappoltsweiler, is prettily situated in the valley of the

Leber or Liepvrette, au affluent of the Rhine, near tho

French frontier. The once productive "silver, copper, and

lead mines of the neighbourhood are now no longer worked ;

and the present chief industries of the place are weaving

and dyeing. In and about Markircb there are nearly forty

wool and cotton factorie.?, besides numerous looms in the

cottages of the weavers; and these produce cloth to the

annual value of .£025,000. It is estimated that there are

about 40,000 workpeople in the industrial district of which

Markirch is the ceiitre. Tho small river Leber, which

intersects the town, was at one time the boundary between

the German and French languages, and traces of this

separation still exist. The German-speaking inhabitants

on the right bank were Protestants, and subject to the

counts of Eappoltstein, while the French inhabitants were

Roman Catholics, and under the rule of the dukes ol

Lorraine. The population in 1S80 was 11,824.

MARLBOROUGH, a municipal and parliamentary

borough of Wiltshire, England, situated on the great high-

road between London and Bath, and distant 75 miles from

the former, 32 from the latter, and 13 from Devizes. It

stands on the left bank of the Kennet, a tributary of the

Thames, in 51° 25' N. lat.-and T 43' W. long. It is an

agricultural centre, and has a weekly market. In the days

of its prosperity forty-two public coaches halted daily at its

doors, and it had a fair trade in corn and malt; but its

trafhc was to a great extent diverted by tho opening of the

Great Western Railway, and it now carries on a very small

trade in tanning, rope-making, and malting. It consists

mainly of a long and broad street, terminated at one end

by St Mary's church and the town-hall, and at the other

by St Peter's church and the college. The municipal

council consists of a mayor, four aldermen, and twelve

, councillors, and the borough returns one member to parliaa
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flieri;. In ISSl tliiS populntlbn of the municipal borougb
(area 186 acres) was 3343, and of the parliamentary

borough (area 4665 acres) 5180.

The name has becu a frequent matter for discission, some
declaring it to be tlio liill (.bcnj) or fortress (burg) of Merlin tlie

Briton, others the Marl borough, in allusion to the surrounding
soil, which, however, is chalk. A great British mound exists at

tlio south-west extremity of the town, and a castle was erected

around it by William the Conqueror. This became a somewhat
uotalile iihce. Henry I. ko^it Easter here in 1110, and Henry II.

granted it to John Lackland. Henry III. held his last parliament

here in 1267, and passed tlio " Statutes of JIarlebergo." Later the

cnstlc served as an occasional royal residence ; it was probably
dismantled during the Wars of the Roses. The town was besieged

Olid taken during the civil wars, and a few years later (,1653) was
nimost entirely consumed by fire. A large mansion was erected by
Lord Seymour in the reign of Charles 11. near the site of tfaecastlo,

and this, after various vicissitudes, was in 1843 converted into

"Marlborough College,"— a public scliool designed mainly for the

education of the sous of the clergy. A large group of buildings

—

chapel, schools, dinintj h.all, racket courts, &c.—soon sprung up
around the original budding, and the school numbered five hundred
and eighty in 1S82.

T\IARLBOROUGH, a town of the United States, in

Middlesex county, Massachusetts, about 25 miles west

from Boston, with stations on the Old Colony and the

Fitchburg Hallways. It lies in a fertile hilly district, and
contains a beautiful sheet of water 160 acres in extent,

known as Williams Lake. Shoemaking is the staple

industry, some of the factories in the department rivalling

the largest in the world. There is a good public library;

nnd three weekly newspapers are published in the town.

The population increased from 8174 in 1870 to 10,120 in

18S0. Marlborough, colonized by settlers from Sudbury
in 1655, and incorporated in lOGl, occupies the site of

the Christian Indian village of Okommakamesitt.
MARLBOROUGH, John Churchill, Duke of (1650-

1722). In the small manor house of Ashe, situated in the

parish of JIusbury in Devonshire, but hardly a stone's throw
beyond the parish of Asminster, John Churchill the first

duke of Marlborough was born 24lh of June 1650.

Arabella Churchill, his eldest sister, and the mother of the

duke of Berwick, was born in. the samo Luuse on the 28th
of February- 1648. They wero the children of ^Yinston

Churchill of Glanvillc Wotton in Dorset and Elizabeth

the fourth daughter of Sir John Drake, who after the

close of the civil war received his son-in-law into his

own house. For a year or two after the Restoration

John Churchill went to St Paul's school, and there is

a tradition that during this period he showed the bent

of his taste by reading and re-reading Vegetius De Re
MUilari. When fifteen years old he obtained a place in

the household of the duke of York, and about the same
time his sister Arabella became maid of honour to the

duchess, two events which contributed greatly to the

advancement of the Churchills. Next year, in 166G, ho
received, through the influence of his master, a commission
in the guards, aud left England for service at Tangiors.

iSuch fighting as was waged with the Moors did not accord
with bis feelings, and he soon returned to his own country.

For a few years afterwards Churchill remained in attend-

ance at the court, and it was during this period that the
natural carefulness of his disposition was shown by his

investing in an annuity a present of X5000 given him by
a court beauty. In 1672, when England to her shame sent

si.Y thousand troops to aid Louis XIV. in his attempt to

subdue the Dutch, Churchill formed one of the company,
and soon attracted the attention of Turenne, by whose pro-

found military genius the whole army was directed. At
the siege of Nimeguen Churchill acquitted himself with

such success that the French commander predicted his

ultimate rise to distinction. When Maestricht was besieged

ho saved the life of the duke of Monmouth, and received

the thanks of Louis XIV. for his services. Early in 1678
he was married to Sarah Jennings, the favourite attendant

on the Princess Anne, the younger daughter of the duke
of York. Her father Richard Jennings, a Hertfordshire

squire, had twenty-two brothers and sisters ; one of the

latter married a London tradesman called Hill, and their

daughter Abigail Hill afterwards succeeded her cousin the

duchess of Marlborough as favourite to Queen Anne^

Sarah Jennings had as little money as her husband, but
this deficiency was more than compensated for by an
abundance of energy and ambition.

On the accession of James IL the Churchills received a
great increase in fortune. Colonel Churchill had beca
created a Scotch peer in 1GS2, and as a reward for his

services in going on a special mission from the new
monarch to Louis XIV. he was advanced to the English

peerage under the title of Baron Churchill of Sandridge iu

Hertfordshire, the village in which the Jennings's property

was situated. A step in the army was at the same time

conferred upon him, and when the duke of Moumoutli
attempted his ill-fated enterprise in the western counties

the second position in command was bestowed on Lord
Churchill. Through his vigilance and energy victory-

declared itself on the Jfing's side. After the death of

Monmouth he withdre-f as far as possible from the

administration of public business. Whilst on his embassy
to the French court he had declared with emphasis that if

the king of England should change the religion of the state

ho should at once leave his service, and it was not long

before the design of James became apparent to the world.

Clmrchill was one of the first to send overtures of obedience

to the prince of Orange. Although he continued in a higli

position ut:der James, and drew the emoluinents of his

places, he promised William of Orange to use every exertion

to bring over the troops to his side. James had been
warned against putting any trust in the loyalty of the man
on whom he had showered so many favours, but the warn-

ings were in vain, and on the landing of the Dutch prince

at Brixhaui Churchill was sent against him with five

thousand men. AVhen the royal army had advanced to the

downs of Wiltshire and a battle seemed imminent, James
was disconcerted by learning that in the dead of night liis

general had stolen away like a thief into the opposite camp.

For this timely act of treachery Churchill received another

advancement in the peerage. He had now become the earl

of Marlborough and a member of the privy council, a mark
of royal favour which during this and the next reign was
more than an unmeaning honour. William felt, however,

that he could not place implicit reliance in his friend's

integrity; and, with a clear sense of the manner in whicb
Marlborough's talents might be employed without any

detriment to the stability of his throne, he sent him with

the army into the Netherlands and into Ireland. For
some time there was no open avowal of any distrust in

Marlborough's loyalty, but in May 1692 the world waa
astonished at the news that he had been thrown into the

Tower on an accusation of treason. Though the evidence

which could be brought against him was slight, and he was
soon set at liberty, there is no doubt that Marlborough warn

in close relations with the exiled king at St Germains, and

that be even went so far as to disclose to his late master

the intention of the English to attack the town of Brest.

The talents of the statesmen of this reign were chiefly dis-

played in their attempts to convince both the exiled and
the reigning king of England of their attachment to his

fortunes. The sin of JIarlborough lay in the fact that he
had been favoured above his fellows by each in turn, and
that he betrayed both alike apparently without scruple or

without shame. Once again during the Fen wick plot he
was charged with treason, but William, knowing that if he

XV. — 70
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paehed Mari'borougti and his friends to extremities there

were no other statesmen on whom he could rely, contented

himself with ignoring the confessions of Sir John Fenwick,

and with executing that conspirator himself. Not long

afterwards the forgiven traitor was made governor to the

young duke of Gloucester, the only one of Anne's numerous
children who gave promise of attaining to manhood.

During the last years of William's reign JIarlborough once

more was placed in positions of responsibility. His
daughters were married into the most prominent families

of the land : the eldest became the wife of the eldest son of

Lord Godolphin ; the second, the loveliest woman at the

court, with her father's tact and temper and her mother's

beauty, married the only son of Lord Sunderland. Higher
honours were in store for his family, and they came on the

accession of Queen Anne in March 1702. She had not

been more than three days upon the throne before the

knighthood of the Garter was conferred upon Marlborough.

He was made captain-general of the English troops both

at home and abroad, and master-general of the ordnance.

The new queen did not forget the life-long service of his

wife ; three positions at the court by which she was
«nabled to continue by the side of the sovereign as closely

as she had lived with the princess were united in her person.

The queen showed her devotion to her friend by another

signal mark of favour. The rangership of Windsor Park
was granted her for life, with the especial object of enabling

Lady Marlborough to live in the Great Lodge. These were
the opening days of many years of fame and power. A
week or two after the death of William it was agreed by
the three great powers, England, Holland, and Austria,

which formed the grand alliance, that war should be
declared against France on the same day, and on May 4,

1702, the declaration was made by the three countries.

Marlborough was made commander-in-chief of the united

armies of Epgland and Holland, but throughout the war
his plans were impeded by the jealousy of the commanders
who were nominally his inferiors, and by the opposite aims
•of the various countries that were striving to break the

power of France. He himself wished to penetrate into

the French lines; the anxiety of the Dutch w-as for the

maintenance of their frontier and for an augmentation of

their territory ; the desire of tho Austrian emperor was to

ensure his son's rale over Spain. To secure concerted

action by these different powers taxed all the diplomacy of

Marlborough, but he succeeded for the most part in his

desires. In the first year of the campaign it was shown
that the armies of the French were not invincible. Several

fortresses which Louis XIV. had seized upon surrendered

themselves to the allies. Kaiserswerth on the Ehine and
Venloo on the ^leuse soon passed from the hands of the

French to the English, The prosperous commercial town
of Li6ge with its commanding citadel quickly capitulated.

The successes of Marlborough caused much rejoicing in his

own country, and for these brilliant exploits he was raised

to the highest rauk in the peerage, and rewarded with a

iandsome annuity. In the spring of the following year a
crushing blow fell upon the duke and duchess. Their

eldest and only surviving son, the marquis of Elandford,

was seized whilst at King's College, Cambridge (under

the care of Hare, afterwards bishop of Chichester), with

the small-pox, and died on the 20th February 1703, in his

seventeenth year. If the character of the youth which is

given by Cole, the Cambridge antiquary, can be accepted

as true, and Cole was not likely to be prejudiced in favour

of the family of Chofchill, his talents had already justified

the prediction that he would rise to the highest position

in the state.

The result of the campaign of 1703 inspired the French
king with fresh l:-pes of ultimate victory. The dashisg 1

plans of Marlborough were frustrated by tho opposition

of his Dutch colleagues. When he wished to invade the

French territory they urged hiui to besiege Bonn, and
he was compelled to accede to their wishes. After this

digression from his first purpose he returned to his original

plan of attacking Antwerp ; but, in consequence of the

incapacity of the Dutch leaders, the generals (Villeroi

and Boufl3crs) of the French army surprised the Dutch
division and inflicted on it a loss of many thousands of men.

Marlborough was forced to abandon his enterprise, and all

the compensation which he received was the capture of

the insignificant forts of Huy and Limburg. After a year

of comparative failure for the allies, Louis XIV. was
emboldened to enter upon an offensive movement against

Austria; and Marlborough, smarting under the misadven-

tures of 1703, and conscious that the war could only be

brought to an end by more decisive measures, was eager

to meet him. A magnificent army was sent by the French

king under the command of Marshal Tallard, with instruc-

tions to strike a blow at Vienna itself. Marlborough
divined the intention of the expedition, and, without com-

municating his intentions to his colleagues, led his troops

into Bavaria. The two armies (that under Marlborough and
Prince Engine numbering more than fifty thousand men,
whilst Tallard's forces were nearly ten thousand stronger)

met in battle array near the village of Blenheim. The
French commander made the mistake of supposing ths.t

the enemy's attack would be directed against his position

in the village, and he concentrated an excessive number
of his troops at that point. The early part of the fight was
in favour of the French. Three times were the troops led

by Prince Eugfene driven back in confusion ; Marlborough's

cavalry failed on their first attack in breaking tho line of

the enemy. But In the end the victory of the alliei

was conclusive. Nearly thirty thousand of the French
and Bavarians were killed and wounded, and in Blenheim
alone ten thousand were made prisoners. Never was a
victory more eagerly welcomed than this, and never \vas a

conquering leader more rewarded than JIarlborough. On
his return to his own country he was received with
enthusiasm on all sides. Poets and prose writers, were

employed to do him honour, and the lines of Addison com-
paring the English commander to the angel who passed

over " pale Britannia " in the storm of 1 703 have been
famous for nearly two centuries. The manor of Wood-
stock, which was transferred by Act of Parliament from tlie

crown to the duke, was a reward more after his own heart.

The gift even in that form was a noble one, but the queen
heightened it by instructing Sir John Vanbrugh to build a
palace in the park at the royal expense, and; although the

works subsequently caused much anxiety to tho duke and
duchess, £240,000 of public money was spent on the

buildings.

The following year was not marked by any stirring

incident. Marlborough was hampered by tedious forma-

lities at the Hague and by jealousies at the German courts.

The armies of the French were again brought up to their

full standard, but the generals of Louis were instructed to

entrench themselves behind earthworks and to act on the

defensive. In the darkness of a July night these lines

were broken through, and the French were forced to take

shelter under the walls of Louvain. Marlborough urged

an attack upon them in their new position, but Jis

passionate arguments were spent in vain, and when 1705
had passed away the forces of the French king had suffered

no diminution. This immunity from disaster tempted

Villeroi in the next spring into meeting the allied forces

in an open figiit, but his assurance proved his ruin. The
battle of KamUlies (23d May 1706) ended in the total

rout of the French, and caused the transference of uearljj
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the whole of Brabant and Flanders to the allies. Five

diys afterwards the victor entered Brussels in state, and
the inhabitants acknowledged the rule of the archduke.

Antwerp and Ostend surrendered themselves with slight

loss. .Menin held out until three thousand of the soldiers

of the allies were kid low around its walls, but Dendcr-

monde, which Louis had forty years previously besieged in

vain^ quickly gave itself up to the resistless Marlborough.

-Again a year of activity and triumph was succeeded by a

period of languor and depression. During the whole of

1707 fortune inclined to the other side, with the result

that early in the next year Ghent and Bruges returned to

the allegiance of the French, and JIarlborough, fearing

tiiat their e.xaniple might be followed by the other cities,

advanced with his whole army towards Oudenarde. Had
the counsels of Vendomc, one of the ablest of the French

generals, prevailed, the fight might have had a different

inBuo, but his suggestions were disregarded by the duke of

Burgundy, the grandson of Louis, and the battle, like its

liredecessor, ended in their defeat. After this victory

Marlborough, ever anxious for decisive measures, wished

to advance on Paris, but he was overruled. The allied

army invested the town of Lille, on the fortilications of

which Vauban had expended an immensity of thought; and
after a struggle of nearly four months, and the loss of

thirty thousand men, the citadel surrendered. By the end

of the year Brabant was again subject to the rule of the

allies. The suffering in France at this time weighed so

heavily upon the people that its proud king humbled him-

self to sue for peace. Each of the allies in turn did he

supplicate, and his minister endeavoured by promises of

large suras of money to obtain the support of Marlborough

to his proposals. These attempts were in vain, and when
the winter passed away a French army of one hundred and
ten thousand, under the command of Villars, took the field.

On the 3d of August 1709 Tournay capitulated, and the

two leaders, Marlborough and Eugene, led their forces to

Mons, in spite of the attempt of Villars to prevent them.

For the last time during the protracted war the two armies

met in fair fight at Malplaquet, 11th September 1709,

where the French leader had stren<^thencd his position by
extensive earthworks. The fight was long and doubtful,

and, although the French ultimately retreated under the

direction of Boufflers, for Villars had been wounded on
the knee, it was in good order, and their losses were less

than those of their opponents. The campaign lasted for a
year or two a-fter this indecisive contest, but it was not

signalized by any such "glorious victory" aa Blenheim.

All that the English could plume themselves on was the

acquisition of a few such fortresses as Douai and Bethune,
and all that the French had to fear was the gradual

tightening of the enemy's chain until it reached the walls

of Paris. The energies of the French were concentrated

in the construction of fresh lines of defence, until their com-
mander boasted that his position was impregnable. In
this way the war dragged on until the conclusioa of the
peace of Uti^cht.

All that Marlborough had clTocted on the battlefield

during these years of war had not prevented his position

trom being undermined by party intrigues at home. In
the early part of Queen Anne's reign his political friends

were to be found among the Tories, and the ministry was
chiefly composed of members of that party. After a year
or two, however, the more ardent Tories withdrew, and
two younger adherents of the same cause, Harley and St
John (both of whom wore at present content to conceal
their animosity to Marlborough), were introduced into the
ministry. The duchess, partly Ihrou^th the influence of

her sonin-law, the earl of Suadi'ilan:^, and psrc'y through
/he opposition of the Tories- ic tiio Isanib v.-ar, h?A scno

over to the Whig cause, ana she pressed fier.views on the
sovereign with more vehemence than discretion. She had
obtained for her indigent cousin, Abigail Hill, a small

position at court, and the poor relation very soon began to

injure the benefactor who had befriended her. With Hill's

assistance Harley and St John widened the breach with the

queen which was commenced by the imperious manner of

the duchess. The love of the two friends changed into hate,

and no opportunity for humiliating the family of Mad-
borough was allowed to pass away neglected. Sunderland
and Godolphin were the first to fall (July-August 1710); a
few months later the duchess was dismissed from her offices,

and, although Marlborough himsclf-cis permitted to con*

tinua in his position a short time longer, his inll was onlj

delayed until the last day of 1711. Life in England had
become so unpleasant that he went to the Continent, and
he remained abroad until the death of Anne (1st August
1714). Then he once more returned to the shores o9
England and resumed his eld military posts, but he took
little part in public affairs. Even if hs had wished tq

regain his commanding position in the country, ill-health

would have prevented him from obtaining his desires:

Johnson, indeed, says, in the Vanity of Human, Wishes, that)

.

" the streams of dotagp" flowed from his eyes; but it is

not desirable to e.tamine too critically the assertions of a'

poem which relied for its success upon the strength of its

comparisons. It is certain that at the time of his death

he was able to understand the remarks of others and to

express his own wishes. At four o'clock on the morning
of the 16th June 1722, he died at Cranbourn Lodge near

Windsor. His remains were at first deposited in Westr

minster Abbey, in the vault at the east end of King Henry
VIL's chapel, but they now rest at Blenheim.

His widow, to whom must be assigned a considerable'

share both in his rise and in his fall, survived till Octobeij

1744. Those years were spent in bitter animosity with manw
within and without her own family. Left by her husband
with the command of boundless wealth, she used it for the

vindication of his memory and for the justification of her

own resentment. Two of the leading opponents of the minis-

try, Chesterfield and Pitt, were especially honoured by hen

attentions. To Pitt she left ten thousand pound.?, to the

other statesman twice that sum and a reversionary interest

in her landed property at Wimbledon. Whilst a widow.

she received numerous offers of marriage from many titled

suitors. She refused them all : from her marriage to hen

death her heart had no other inmate than the man aa

whose wife she had become almost a rival to royalty.

Marlborough obtained his first start in life through 4
handsome pension, and his rapid rise to the highest position

j
in the state was due to his singular tact and to his skill in

the management of men. In an age remarkable for grace

of manner and for adroitness of compliment, his courteous

demeanour and the art with which he refused or granted

a favour extorted the admiration of every one with whom
he. came in contact. Through his consideration for the

welfare of his soldiers he held together for years an army
drawn from every nation in Christendom. His talents

may not have been profound (he possessed " an excellent

plain understanding and sound judgment " is the opinion

of Lord Chesterfield) ; but they were such as Englishmen

love. Alike in planning and in executing, he took infinite

pains in all points of detail. Nothing escaped his observa,

tion, and in the hottest moment of the fight the coolnesS

of his intellect shone conspicuous. His enemies indeed

affected to attribute his uniform success in the field to

fortune, and they magnified his love of money by drawing

up balance sheets which included every penny which he

had received, but omitted the pounds which he had spent

iu the cause ho had sincerely at heart. All that can be



55G UAl\ — MA 11

alleged in excuse ot his attempt to serve two masters, tue

king whom he had deserted and the king who had received

Lim into favour, is tliat not one of bis associates was with-

out sin in this respect.

The books ou MniIboi-o\if;li are very numerous. Unilor his unmo

in the catalogue of the British Museum there are 121 entries, and

32 under that of his wife. The' chief works are Lediard's, Coxe's,

and Alison's Lives ; a French memoir in 3 volumes, 1808 ; Marl-

borough's Letters and Desjmtchcs, edited by Sir George Murray (5

volumes); and Mrs Cieiditon's interesting summary. The descrip-

tions in Mr John Hill Burton's Reirjn of Qiucn Anne of the battle

scenes of Marlborough are from personal observation. A good

account of his birthjilace and country will be found in Pulman's

JSoolc of the Axe District ; and for the homo of the duchess the

reader can refer to Mr Cussan's IHstory cf Hcrlfonhhire. Long
after the death of the duke there were many pamphlets written on

the conduct of his wife from her appearance at court ; but they

relate to matters of Uttle interest at the present time. (W. P. C.)

JIARLOW, Great, a parliamentary borough of Buck-

inghamshire, England, is finely situated on the Thames,

and on a branch of the Great Western Railway, 37 miles

west of London and 25 south-east of Oxford. It consists

principally of two streets which cross each other at right

angles. The church of All Saints, in the Later English

Btyle, erected in 1835, and lately extensively restored,

possesses a number of brasses. The former bluecoat school

has been reorganized under the endowed schools commis-

sion as a grammar school. The town has paper-mills, a

brewery, and manufactures of lace and embroidery. It is

also a favourite resort for boating and fishing. Marlow,

anciently Merlaw, is a very ancient manor, and for some

time after William the Conqueror it was in the possession

of the crown. It returned members to parliament from

the 28th of Edward I. till the 2d of Edward II., and the

privilege was again restored in the 2l6t of James I;
since 1868 it has returned but one member. The borough

includes Great and Little Marlow, Medmenham, and Bisham

in Berkshire, which is united with Great Marlow by a

suspension bridge," erected in 1835, at a cost of .£20,000.

The population of the borough, which has an area of

14,51-i acres, 2424 being in the county of Berks, was

C627 in 1871 and 6779 in 1881.

MARLOWE, Christopher (1564-1593), the father of

English tragedy and the creator of English blank verse, was

born at Canterbury in February 1564, and christened on

the 26th of that month. John Marlowe, his father, is said,

on authority which satisfied the best editor of the poet, to

Lave been a shoemaker by trade ; it is supposed also that

he was clerk of his parish, and survived his illustrious son

for upwards of eleven years. The boy was educated at

the King's School, Canterbury : matriculated as pensioner

ot Benet College, Cambridge, March 17, 1581 ; took the

degree of bachelor of arts in 1583, and that of master of

arts four years later. Before this date he had produced

the first tragedy worthy of that name in our language,

and called into existence that highest and most difficult of

all its other than lyrical forms of verse, which alone has

proved worthy of acceptance among his countrymen as the

fit and adequate instrument of tragic drama. At some

uncertain .date cf his early life he is supposed to have been

an actor, and said to have broken his leg in the practice of

his profession. But for this and many other traditions of

hi3 career and conversation there is no better evidence

than that of a religious libeller. His first tragedy of

Tamburlaine the Great, in two parts, was successively

followed by Doctor Faustus, The Jew of Malta, Edivard

the Second, and The Massacre at Paris. The tragedy of

Dido, Queen of Carthage, was probably completed for the

stage after his death by Thomas Nash, the worthiest

English precursor of Swift in vivid, pure, and passionate

prose, embodying the most terrible and splendid qualities

of a social and personal satirist ; a man gifted also with

some fair faculty of elegiac and even lyric verse, but in no

wise qualified to put on the buskin left behind him by the

" famous graccr of tragedians," as Marlowe had already

been designated by their common friend Greene from

among the worthiest of his fellows.

The only authentic record concerning the death of

Marlowe is an entry " in the burial-register of the parish

church of St Nicholas," Deptford :
" Christopher Marlowe,

slain by Francis Archer, Juno 1, 1503." Two Puritan

scribblers liavo left two inconsistent reports as to the

circumstances of this manslaughter. On the more respect-

able authority of Francis Meres the critic (1598.) we are

told that Marlowe was "stabbed to death" by a "serving-

man" of bad character, "a rival of his in his lewd love."

The ono thing unhappily certain is that one of the greatest

among English poets died of a wound received in a brawl

(stabbed in the head, according to one account, with his

own dagger) at the untimely age of twenty-nine years and

tLree pionths. Like Sir Walter Raleigh and a few less

memorable men of the same generation, he was attacked in

his own time uot merely as a freethinker, but as a

propagandist or apostle of atheism ; nor was the irregularity

of his* life thought worthier of animadversion than the

iincertainty of his livelihood. The informer whose nam©
has survived as that of his most venomous assailant was

duly hanged the year after Marlowe's death ; and the list

of his charges, first published by Ritson, is hardly a docu-

ment which can commend itself to any man's confidence

as plausibly or even possibly accurate in all its detailed

report of the violent and ofl'ensive nonsense attributed to

the freethinking poet in common conversation "concerning

his damnable opinions."

The majestic and exquisite excellence of various lines

and passages in Marlowe's first play must be admitted to

relieve, if it cannot be allowed to redeem, the storm^

monotony of Titanic truculence which blusters like o

simoom through the noisy course of its ten fierce acts.

With many and heavy faults, there is something of genuine

greatness in Tamhirlaine the Great ; and for two grave

reasons it must always be remembered with distinction and
mentioned with honour. It is the first poem ever written

in English blank verse, as distinguished from mere
rhymeless decasyllabics ; and it contains one of the noblest

passages, perhaps indeed the noblest in the literature of

the world, ever written by one of the greatest masters of

poetry in loving praise of the glorious delights and sublime

submission to the everlasting limits of his art. In its

highest and most distinctive qualities, in unfaltering and
infallible command of the right note of music and the

proper tone of colour for the finest touches of poetic execu-

tion, no poet of the most elaborate modern school, working
at ease upon every consummate re.source of luxurious learn-

ing and leisurely refinement, has ever excelled the best and
most representative work of a man who had literally no
models before him, and probably or evidently was often if

not always compelled to write against time for his living.

The just and generous judgment passed by Goethe on
the Faustus of his English predecessor in tragic treatment

of the same subject is somewhat more than sufficient to

counterbalance the slighting or the sneering references to

that magnificent poem which might have been expected

from the ignorance of Byron or the incompetence of

Hallam. And the particular note of merit observed, the

special point of the praise conferred, by the great German
poet should be no less sufficient to dispose of the vulgar

misconception yet lingering among sciolists and pretenders

to criticism, which regards a writer than whom no man
was ever born with a finer or a stronger instinct for perfec-

tion of excellence in execution as a mere noble savage of

letters, a rough self-taught skctcher or scribbler of crude
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ftnd rudo genius, whose unliewn blocks of verse Ind in

them some veins of rare enough metal to be quarried and

poll: hed by Sliakespeare. What most impressed the

author of Faxst in the work of Marlowe was a quality tlic

Want if which in the author of Manfred is proof enough

to con-<Lgn his best work to the second or third class at

most. " How greatly it is all planned !
" the first requisite

of all great work, and one of which the highest genius

possible to a greatly gifted barbarian could by no possibility

understand the nature or conceive the existence. That

Goethe "had thought of translating it" is perhaps hardly

less preoious a tribute to its greatness than the fact that it

has bei n actually and admirably translated by the matchless

translator of Shakespeare—the son of Victor Hugo ; whose

labour of love may thus be said to have made another

point in common, and forged as it were another link of

union, between Shakespeare and the young master of

Shakespeare's youth. Of all great poems in dramatic form

it is perhaps the most remarkable for absolute singleness

of aim and simplicity of construction
;
yet is it wholly free

from all possible imputation of monotony or aridity.

Tamhurlaine is monotonous in the general roll and flow of

its stately and sonorous verse through a noisy wilderness

of perpetual bluster and slaughter ; but the unity of tone

and purpose in Doctor Faitsius is not unrelieved by change

of manner and variety of incident. The comic scenes,

written evidently with as little of labour as of relish, are

for the most part scarcely more than transcripts, thrown

into the form of dialogue, from a popular prose History of
Dr Faustus, and therefore should be set down as little to

the discredit as to the credit of the poet. Few master-

pieces of any age in any language can stand beside this

tragic poem—it has hardly the structure of a play—for

the qualities of terror and splendour, for intensity of

purpose and sublimity of note. In the vision of Helen,

for example, the intense perception of loveliness gives

actual sublimity to the sweetness and radiance of mere
beauty in the passionate and spontaneous selection of

words the most choice and perfect ; and in hke manner the

sublimity of simplicity in Marlowe's conception and ex-

pression of the agonies endured by Faustus under the

immediate imminence of his doom gives the highest note
ef beauty, the quality of absolute fitness and propriety, to

the sheer straightforwardness of speech in which his agoniz-

ing horror finds vent ever more and more terrible from the

first to the last equally beautiful and fearful verse of that

tremendous monologue which has no parallel in all the
range of tragedy.

It is now a commonplace of criticism to observe and
regret the decline of power and interest after the opening
acts of The Jeio of Malta. This decline is undeniable,

though even the latter part of the play is not wanting in

rough energy and a coarse kind of interest ; but the first

two acts would bo sufficient foundation for the durable
fame of a dramatic poet. In the blank verse of Milton
alone, who perhaps was hardly less indebted than
Shakespeare was before him to Marlowe as the first

English master of word-music in its grander forms, has
the glory or the melody cf passages in the opening
•oliloquy of Barabas been possibly surpassed. The figure

of the hero before it degenerates into caricature is as finely

touched as the poetic execution is excellent ; and the rude
aud rapid sketches of the minor characters show at least

some vigour and vivacity of touch.

In Edward the Second the interest rises and the execu-
tion improves as visibly and as greatly with the course of
the advancing story as they decline in The Jew of Medic.
The scene of the king's deposition at Kenilworth is almost
as much finer in tragic cfloct and poetic quality as it is

shorter aad lesa elaborate thau the corrcspoudiug sccuo in

Shakespeare's King Richard II. The terror of the death-
scene undoubtedly rises into horror ; but this horror is with
skilful simplicity of treatment preserved from passing into

disgust. In pure poetry, in sublime and splendid imagina-

tion, this tragedy is excelled by Doctor Fatistus; in

dramatic power and positive impression of natural effect it

is as certainly the masterpiece ql JIarlowe. It was almost
inevitable, in the hands of any poet but Shakespeare, that

none of the characters represented should be capable of

securing or even exciting any finer sympathy or more
serious interest than attends' on the mere evolution of

successive events or the mere display of emotions (except

always in the great scene of the deposition) rather animal
than spiritual in their expression of rage or tenderness or

suH'ering, The exact balance of mutual effect, the final

note of scenic harmony, between ideal conception and
realistic execution is not yet struck with perfect accuracy

of touch and security of hand ; but on this point also

Jlarlowe has here come nearer by many degrees to

Shakespeare than any of his other predecessors have ever

come near to Marlowe.

Of The Massacre at Pai-is it is impossible to judge fairly

from the garbled fragment of its genuine text which is

all that has come down to us. To Mr Collier, among
numberless other obligations, we owe the discovery of a

noble passage excised in the piratical edition which gives

us the only version extant of this unlucky play, and which,

it must be allowed, contains nothing of quite equal value.

This is obviously an occasional and polemical work, and
being as it is overcharged with the anti-Catholic passion of

the time has a typical quality which gives it some empirical

significance and interest. That antipapal ardour is indeed

the only note of unity in a rough and ragged chronicle

which shambles and stumbles onward from the death of

Queen Jeanne of Navarre to the murder of the last Valois.

It is possible to conjecture, what it would be fruitless to

affirm, that it gave a hint in the next century to Nathaniel

Lee for his far superior and really admirable tragedy on

the same subject, issued ninety-seven years after the death

of Marlowe.

In the tragedy of Dido, Queen of Carthage, a servile

fidelity to the text of Virgil's narrative has naturally

resulted in the failure which might have been expected

from an attempt at once to transcribe what is essentially

inimitable and to reproduce it under the hopelessly alien

conditions of dramatic adaptation. The one really noblo

passage in a generally feeble and iucomposite piece of work

is, however, uninspired by the unattainable model to

which the dramatists have been only too obsequious in

their subservience. It is as nearly certain as anything car>

be which depends chiefly upon cumulative and collateral

evidence that the better part of what is best in the serious

scenes of King Henri/ VI. is mainly the work of Marlowe.

That ho is at any rate the principal author of the second

and third plays passing under that name among the works

of Shakespeare, but first and imperfectly printed as The
Contention between the ti'.<o Famous Houses of York and
Lancaster, can hardly be now a matter of debate among
competent judges. The crucial difllculty of criticism in

this matter is to determine, if indeed wo should not rather

say to conjecture, the authorship of the humorous scenes

in prose, showing as they generally do a power of com-

paratively high and pure comic realism to which nothing

in the acknowledged works of any prc-Shakespearean

dramatist is even remotely comparable. Yet, especially in

the original text of these scenes as they stand unpurified

by the ultimate revision of Shakespeare or his editors,

there are tones and touches which recall rather the

clownish horseplay and homely ribaldry of his predecessors

than anything in the lighter interludes of his very earliest
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plays. We find the same sort of thing which we fiud iu

their writings, only better done than they usually do it,

rather than such work as Shakespeare's a little worse done

than nsual. And even in the final text of the tragic or

metrical scenes the highest note struck is always, with one

magnificent and unquestionable exception, rather in the

key of Marlowe at his best than of Shakespeare while yet

in great measure his disciple.

Had every copy of Marlowe's boyish version or perver-

aioQ of Ovid's Elegies deservedly perished in the flames to

which it was judicially condemned by the sentence of a

brace of prelates, it is possible that an occasional book-

worm, it is certain that no poetical student, would have

deplored its destruction, if its demerits could in that case

Lave been imagined. His translation of the first book of

Lucan alternately rises above the original and falls short of

it,—often inferior to the Latin in point and weight of

expressive rhetoric, now and then brightened by a clearer

note of poetry and lifted into a higher mood of verse. Its

terseness, vigour, and purity of style would in any case

have been praiseworthy, but are nothing less than admir-

able, if not wonderful, when we consider how close

the translator has on the whole (in spite of occasional

slips into inaccuracy) kept himself to the most rigid limit

of literal representation, phrase by phrase and often line

by line. The really startling force and felicity of occa-

sional verses are worthier of remark than the inevitable

8tifi"nes3 and heaviness of others, when the technical

difficulty of such a task is duly taken into account.

One of the most faultless lyrics and one of the loveliest

fragments in the whole range of descriptive and fanciful

poetry would have secured a place for Marlowe among the

memorable men of his epoch, even if his plays had perished

with himself. His Passionate Shep/ierd Tem&ixiS ever since

unrivalled ill its way—a way of pure fancy and radiant

melody without break or lapse. The untitled fragment, on

the other hand, has been very closely rivalled, perhaps very

happily imitated, but only by the greatest lyric poet of

England—by Shelley alone. Marlowe's poem of Hero and
Leander, closing with the sunrise which closes the night of

the lovers' union, stands alone in its age, and far ahead

of the work of any possible competitor between the death

of Spenser and the dawn of Milton. In clear mastery of

narrative and presentation, in melodious ease and simplicity

of strength, it is not less pre-eminent than in the adorable

beauty and impeccable perfection of separate lines or

passages.

The place and the value of Christopher Marlowe as a

leader among English poets it would be almost impossible

for historical criticism to overestimate. To none of them
all perhaps, have so many of the greatest among them
been so deeply and so directly indebted. Nor was ever

any greit writer's influence upon his fellows more utterly

and unmixedly an influence for good. He first, and he

alone, guided Shakespeare into tl;e right way of work ; his

music, in which there is no echo of any man's before him,

found its own echo in the more prolonged but hardly more
exalted harmony of Milton's. He is the greatest discoverer,

the most daring and inspired pioneer, in all our poetic

literature. Before him there was neither genuine blank

verse nor a genuine tragedy in our language. After liis

arrival the way was prepared, the paths were made straight,

for Shakespeare. (a. c. s.)

MARLY-LE-ROI, chief place of a canton in the de-

partment of Seine-et-Oise, France, 5 miles to the north of

Versailles and 3 miles to the south of St Ge"rmain-en-Laye„
is, notwithstanding some fine country houses, a dull and
unattractive village of 1250 inhabitants, which owes all its

celebrity to the sumptuous chateau of Louis XLV. It was
originally designed as a simple hermitage to which the king

could occasionally retire with a few of his more intimate

friends from the pomp of Versailles, but gradually it grew
until it became one of the most ruinous extravagances of the

Grand Monarquo. The central pavilion (inhabited by the

king himself) and its twelve subsidiary pavilions were in-

tended to suggest the snn surrounded by the signs of the

zodiac. Seldom visited by Louis XV., and wholly abandoned
by Louis XVI., it was demolished after the Revolution, its

ai't treasures having previously been dispersed, and all that

now remains consists of a few mouldering ivy-grown walls,

some traces of parterres with magnificent trees, the park,

which is well stocked with game, and the forest of 8i
square miles, one of the most pleasant promenades of tbe>

neighbourhood of Paris.

Close to the Seine, half-way between Marly-le-Roi tind St Germain,
is the village of Port-JIarly (500 inliabitauts), and 1 mile fattber

up is the hamlet of Marly-la-M.icbine. Here, under Louis XIV., on
immense hydraulic engine, driven by the current of the river, was
erected ; it raised the water to a high tower of 155 metres (508
English feet), where the aqneduct of Marly commenced (2100 English
feet in length, 75 in height, with 36 arclies, still well-preserved),

carrying the waters of the Seine to Versailles. The fust engine of

Marly began to work in 1682, but it was necessary to modify it in

1803. In 1826 a steam-engine was substituted, and since 1858 an
atmospheric engine has been employed.

MARMOXT, AuGUSTE Fbedeeic Louis Viesse de
(1774-1852), duke of Ragusa, and marshal of France, one

of Napoleon's earliest friends and most trusted generals,

was born at Chatillon-sur-Seine, on July 20, 1774. -He
was the son of an ex-ofKcer in the army, who belonged to

the pelile noblesse, and had adopted the principles of the

Revolution. His love of soldiering soon showing itself, his

father took him to Dijon to learn mathematics prior to

entering the artillery, and there he made the acquaintance

of Bonaparte, which he renewed after obtaining his com-

mission when he served iu Toulon. The acquaintance

ripened into intimacy ; Marmont became General Bona^

parte's aide-de-camp, and accompanied him to Italy and
Egypt, winning distinction and promotion as general of

brigade. In 1799 he left Egypt with Bonaparte to the

mercy of the English; he was present at the revolution

of the 18th Brumaire, and organized the artillery for

the expedition to Italy, which he commanded with great

effect at Marengo. For this he was at once made general

of division. In 1801 he became inspector-general of

artillery, and in 1804 grand officer of the Legion of

Honour. In 1805 he received the command of a corps,

with which he did good service at Ulm. He was then

directed to occupy Dalmatia with his arpiy ; he defeated

the Russians on October 30 at Castel NuoVo, and occupied

Ragusa. The next five years were the most creditable

in his life; he was both military and civil governor of

Dalmatia, and has still left traces there both in great

public works and in the memories of the people. In 1807

he was made duke of Ragusa, and in 1809, being summoned
up to the help of Napoleon, who was closely beset in the

island of Lobau, earned the marshal's baton by his conduct

at Wagram. In July 1810 he was hastily summoned from

his palace, where he lived in Eastern luxury, to siicceed

Massdna in the command of the French army in the north

of Spain, called tha army of Portugal. ' The skill'^with

which be manoeuvred his army during the year he com-

manded it has been always acknowledged. His relief of

Ciudad Rodrigo in the autumn of 1811 in spite of the prei^

sence of the English army was a great feat, and in the

tactics which preceded the battle of Salamanca he had

the best of it. The extension of his left on the 22d July

1812 was, however, fatal, and its result was the great

defeat of Salamanca, in which Marmont was severely

wounded in the right arm and side. He retired to France

to recover, and was still hardly cured when in April 1813

Napoleon gave him the command of the 6th cor i. With
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it he served at the battles of Lutzen, Bantzen, and Dresden,

and tlirougbout the great defensive campaign .of 1814^

until the last desperdte battle before the walls of Paris,

from which he drew back his forces to the comraaBding

position of Essonne. Here he had 20,000 men in splendid

condition, and was the pivot of all thoughts. Napoleon

said of Essonne, "C'est lit que viondront s'addresser toutes lea

intrigues, toutes Jes trahisons ; aussi y ai-je place Marmont,

mon enfant ilavi spus ma teuto." Martaoot betrayed

this trust and suffered for it. On the restoration of the

Bourbons he was made a peer of France, and a major-

general of the royal guard, and in 1820 a knight of St

Esprit and a grand officer of the order of St Louis, but he

was never trusted, never popular. He was the major-

general of the guard on duty in July 1830, and was

ordered to put down with a strong hand any opposition to

the ordinances (see France). After persevering some

time he gave way, and allowed the republicans to succeed

in their revolution. This defection brought more obloquy

upon him, and the Due d'AngouIeme even ordered him
under arrest, saying, " Will you betray us, as you betrayed

him?" After this Jlarmont left France and wandered

about the Continent for twenty years, publishing many
volumes of travels, an edition of Caesar and of Xenophon,

and his Esprit des Institutions Mi/itaires. Much of his

time was spent upon his Memoires, which are of real value

for the military history of his time, though they must be read

as a personal defence of himself in various junctures rather

than as an unbiassed account of his times. They show

JIarmor.t, as he really was, an embittered man, who never

thought his services sufliciently requited, a great artillery

general indeed, but without the fire of genius which is

BO striking in several of his contemporaries, and above all,

a man too much in love with himself and his own glory to

be a true friend or a faithful servant.

For Marmont's military ability consult Napier, Jomini, and the
historians of the time, particularly Genci-al Pelet. His own works are

Voyage en ifongrie, &c., 4 vols., 1837; Votjage en Sidle, 1S38; Esprit

des IiislUuiions ililitaires, 1846 ; Cisar ; Xeiioplion ; and Jtemoircs,

8 vols!, published after his death in 1856. See also a long and
careful notice by Sainte-Beuve, Caitseries du Ztindi, vol. vi.

MARMONTEL, Jcvs Fe.vn?oi3 (1723-1799), one of

the most distinguished men of letters in Paris during the

iatter half of the ISth century, was born of poor parents in

Limousin, on the 11th July 1723. After studying with

the Jesuits at Mauriac, he taught in their colleges at

Clermont and Toulouse ; and in 1745, acting on the advice

of Voltaire, ho set out for Paris to try for literary honours.

From 1748 to 1753 ho wrote a succession of tragedies

which,' though for the most pare consir!-?red prolix and
artificial by modern readers, had great success on the stage,

and secured to Voltaire's new disciple a good position in

literary and fashionable circles. Being now associated

with Diderot and D'Alembert, he wrote for the great

Encydopedie a series of articles evincing considerable
critical power and insight, which in their collected form,
under the title Elements de Lilteraturg, still rank among
the higher French classics. He also wrote several comic
operas, the two best of which probably are S>/lvain and
Hemire et Azore. In 1758 he gained the patronage of
Madame Pompadour, and was soon after appointed manager
of the official journal Le Meratre, in which he hud already
commenced a series of elegant and attractive tales. These
were the Contn Morani;, on which, according to some
critics, Marmontel's literary rc(>utation mainly rests.

Their merit lies partly in the literary style, which in
delicate finish frequently rivals that of his matter Voltaire,
but mainly in their graphic and charming pictures of

»Z)«V» fe Tijran, 1748; Aruiomine, 1749; CHopdtre, 1750;
Ehaclides, 1762 ; Eo'JJ>l»St 1/53,

French society under- Louis XV.. After being elected ta
the French Academy, in 17G3, he appears to have been
ambitious to create a new literary style, exemplified
notably in his dull prose-epic romance Belisaire, now
remarkable only on account of a chapter on religious

toleration which incurred the censure of the Sorbonne and
the archbishop of Paris. Marmontel' retorted in Les Incas,

by tracmg the cruelties in Spanish America to the religious

fanaticism of the Roman Catholic invaders.

After being appointed historiographer of France, secre-

tary to the Academy (1783), and professor of history in

the Lyc(!e (1786), Marmontel in 1788 wrote a history

of the regency, which is of '.ittle value. To compensate
for this, however, he in 1705 began his Memoires, the

most interesting and valuable if not the greatest of his-

works, being a picturesque review of his whole Life, a
literary history of two important reigns, a great gallery of

portraits extending from tlie venerable Massillon, whom
more than half a century previously he had seen at

Clermont, to the fiery Mirabeau amidst -the tempestnous
first years of the French Revolution. Reduced to poverty

by the Revolution, Marmontel in 1792 retired from the

Reign of Terror toEvreus, and soon after to a coUage near

Gaillon, in the department of Eare. To that retreat we
owe the 2Iemoires, and there, after a short stay in Paris

when elected in 1797 to the Conseil des Anciens, ho
died on the 31st December 1799.

See Yiilenave, j\'oliees sur Marmontel ; Sainte-Benve, Cavsma,
vol. iv. ; Jlorellet, £logc, 1805 ; Edinburgh Bevicw, January 1806.

JLiRMORA, Sea of. See Black Sea.

MARMOT. The word marmot may be considered to

include animals belonging to the three following genera:

—

the true marmots, forming the genus Arctomys (" bear-

mouse "), so called from the thickset, bear-like form of its

members ; the prairie marmots of North America, better

known as the "prairie dogs" {Cynomys, " dog-mouse ")

j

and the pouched marmots, x>t sonsliks, comprising the
genus SpermopMliis, or seed-lovers, so named from the
character of their food. These three genera are all closely

allied to each other, and together form the subfamily
Arctomyinx of the great squirrel family, the Sciuridm, of

which the only other subfamily, the Sciitrintt, consists of

the true squirrels (Sciurus) and the flying-squirrels {Ptercy-

mys). The members of the marmot subfamily are con-

fined to the northern hemisphere, and in fact are almost
entirely limited to the north temperate zone, in marked
contrast to the genera of the subfamily Scinrinx, which
attain their greatest development in tropical or semi
tropical countries.

The Arctomyinx agree in the possession of somewhat
short, stumpy bodies, comparatively short tails (except in
certain sonsliks), and long and powerful daws suitable for

burrowing. They all have broad, strong, and ungrooved
incisors or cutting teeth, two pairs of premolars above and
one below, and three, pairs of true molars in each jaw.

The grinding teeth are all on the whole very similar, th©

first upper premolar much smaller than the others, and
nearly round, the next three teeth triangular in outline,

and each with either two or three transverse grooves upon
the crown ; the List mokr is rather broader and more com-
plicated than the others, as is shown in fig. 2. The general

form of the skeleton is very similar to that of the tme
squirrels, but the bones as a rule are stouter and heavier.

1. The following are the generic characters of Arctomys.

External form stout and heavy, ears short, tail short and
hairy, cheek-poaches rudimentary or absent. Fore feet

with four well-developed toes, and a rudimentary thumb
provided with a flat nail ; skull (see Mammalia, p. 417,
fig. 92) similar in general form to that of the other genera,

but very much larger aud heavier, the poat-orbitol procca<«s
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stouter, and at right angles to the axis of the skull. In-

cisors broad and powerful. First upper premolar nearly

as large as the second. Slolar series nearly parallel,

scarcely converging behind at all.

The various species of marmot, about ten in number,
are all much alike in general appearance, ranging in size

from about 15 to 25 inches in length, with tails from 3 to

C inclies long. The folloniDg are the species now generally

recognized, though the Central-Asiatic forms are still very

imperfectly known :

—

Antomys marmolUi, Linn., southern Europe, the AI21S, Pyrenees,
Hid C.ivpatliiaus ; A. bobac, Siliieb., eabteni Europe and Silieria;

A. 7iiw«!a I/anus, Ilodgs., soiitli-wcst Tibet; A. hemacltalamts,
Hodgs., Ncjial ; A. eaiulutus, Jactjucmont, Caslimere; A. clichrous,

Anderson, Afgliaiiistan ; A. aureus, Blanford, Turkestan; A.
iHonnx, Linn., eastern North America; A. flavivcntcr, And. and
Uacli, western United States ; A. jiruinosiis, Gniel., uortli-westerii

Ji'orth America.

It will thus be seen th;it one species only is peculiar to

Europe, and three to North America, while at least six, and
perhaps more, are found in various parts of Central Asia,

—

one of these, A. bohw, occurring also as far west as Kussia
and cabtcrn Germany

Flo. 1.—Alpine Marmot [ArctomJ/s marmolta). After Brclim.

The following account of the habits of the Alpine

cnarmot, A. mannotta, extracted from Professor Blasius's

well-known work on the mammals of Germany, applies,

with but little variation, to all the members of the genus.

Marmots live liigh up in tlio snowy regions of the mountains,
^ncrally preferring cxpo-sed cliffs, whence they may have a clear
view of any approaching danger, for which, while quietly basking
in the snn or actively running about in search of food, a constant
watch is kept. When one of them raises the cry of warning, the loud
J)iercing whistle so well known to travellers in the Alp.s, they all

instantly take to flight and hide themselves in holes and cranuies
^mong the rocks, often not reappearing at the entrance of their
|jidin;^-places until several hours have elapsed, and then frequently
standing motionless on the look-out for a still longer period. Their
food consists of the roots and leaves of various Alpine plants, which,
like squirrels, they lift to their mouths with their fore paws.

For their winter quarters they make a large round burrow, with
iiut one entrance, and ending in a sleeping-place thickly padded
*rith hay. Here often from ten to fifteen marmots pass the winter,
all lying closely packed together fast asleep until the spring. On
awaking, hungry with their long fast, they remove the hay with
which they stuff up the doors of their burrows, and resume their
life of activity and w.atchfulness. The breeding season is in the
early guinmer, when they bring forth from four to six young ones,
'iheir flesh, although coarse and rank, is eaten by the peasants, and
their fur, though of but liitio value, is also made use of.

2. Our second genus is Cynomyt, containing only the well-

inown " prairie dogs," or more correctly " prairie marmots,"

of the United States. The genus may bo characterized

as follows. Size and form intermediate between Arctomys
and Spermophilns. Ears and tail short. Cheek-pouches
shallow. Fore feet with five claws, that on the thumb as

large as that on the fifth toe. Skull heavily built, the
post-orbital processes di-

rected outwards. Den-
tition, as shown in fig. 2,

remarkably heavy, the

molar teeth differing

from tliose of Arctomys
and Spermopldlus by
having three instead of

two transverse groove.''

on their crowns. First

premolar nearly as largo

as the second. Molar

series strongly converg-

ent behind.

Of this genus two

species have been de-

scribed, very closely

allied to each other,

but separable by their

slightly different size f10. 2.—Under Side of Skull of

and coloration. The Ojnomys ludovuianus.

larger and better-known of the two is the eastern prairie

marmot, C. ludoviciaRux, Ord., inhabiting the open prairies

of the central United States, while the smaller species,

C. colv.mhiamis, Ord., is found to the westward as far as

the Rocky Mountains.

The habits of the prairie marmots have been so ofteti

described that every one is familiar with their custom of

forming their burrows in groups or "to\Yns," of sitting

outside to watch intruders, and of making the peculiar

barking sound froif. which they have derived their

erroneous popular name of prairie dogs. In the burrows
made by them there are commonly found three strange

and, notwithstanding the earlier travellers' talcs, certainly

unwelcome visitors, namely, rattlesnakes, owls, and weasels,

'

all of which at times probably prey upon the young
marmots. Prairie marmots do not truly hibernate^

although in the more northern and colder parts of their

range they retire to their burrows during the very severest

weather. They feed on grasses and roots, for whose
mastication, however, their grinding teeth appear to be
unnecessarily powerfuL

3. The last genus to which the name marmot may be
applied is that of the sousliks or pouched marmots
(Spermojikilns), of which the following are the character)?

Size much smaller than that of Arctomys or Cynomys, am?
form more slender and squirrel-like. Tail very variable,

from 1 to 8 or 9 inches in length. Cheek-pouches always

present. Fore feet with four well-developed toes and a

rudimentary thumb, of which the claw may be either

present or absent. Skull much more lightly built than

that of either of the preceding genera, and the post-

orbital processes slender and directed backwards. Jlolar

scries nearly parallel, as in Arctomys, but all much smaller

and lighter; the first premolar simply rounded, never more
than about one-third of the size of the second.

The members of this largo genus present a far greater

range of variation than is found among the true marmot-s,

some of them, such as the European souslik, being scarcely

as large as a common squirrel, almost entirely without
external ears, and with the tail reduced to a mere stump,
barely an inch long, while others again are more than
three times this size, with long and often tufted ears and
long bushy squirrollike tails. These differences, and
other corresponding cranial ones, have caused the gcnu.i
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to be divided into the threa following subgenera:—

Spermnphihia proper, containing tliirteea or fourteen

species, of small size, with rudimentary ear-conches,

short stumpy tails, and comparatively largo teeth

;

Ofospermop/iilus, two species, of squirrel-like buQd, with

large and tufted ears, and long bushy tails ; and IcdJomys,

with four species, of very slender, weasel-like form, with

short cars, long but slender tails, and comparatively small

teeth. Tho last two subgenera arc confined to North

America, whilo the range of tho first is extremely similar

to that of Ardonvjs, although certain species penetrate

somewhat farther south in the New World, and none are

found so far west iu Europe. Professor Blasius gives the

following details of the habits of the common European

souslik (-5'. ciiil'us, L.).

It lives in dry treeless plains, especially on a sandy or clayey soil,

and is never fonnd either in forests or on swampy ground. It forms

buiiows, often 6 or 8 feet deep, in which food is stored up and tho

winter sleep takes place. Eacli burrow has but one entrance, which

is closed np when winter approaches,—a second hole, however, being

previously formed from the sleeping-place to just below the surface

of the ground. This second hole is opened tho ne.tt year, and used

as the ordinary entrance, so that the number of closed up holes

round a burrow gives an indication of the length of time that it has

been occupied. Sousliks ordinarily feed on roots, seeds, berries,

ic, bnt occasionally also on animal food, preying readily on eggs,

small birds, and mice, the remains of these latter being often found

in their burrows. They bring forth in the spring from four to eight

young ones, which, if taken early, may be easily tamed. They are

often eaten by the peasants, the inhabitants of the Russian steppes

considering their flesh an especial delicacy. (0. T.

)

MARNE, a department of the north-east of France,

made up from Champagne-Pouilleuse, E^mois, Perthois,

Tallage, and La Brie-Champenoise, districts formerly be-

longing to Champagne. Its chief town, Chftlonssur-

Marno, is 92 miles in a direct lino east of P^ig. Bounded
on ihe»W. by Seineet-Marne and Aisne, on the N. by
Ardennes, on the K by Meuse, on the* S. by Haute-Jfarne

and Aube, it is situated between 48° 31' and 49" 26' N.

lat., and 3' 25' and 5° E. long. Its greatest length from

north-east to south-west is 73 miles, and the area 3159
square miles. About one half of this consists of Cham-
pagne-Pouilleuse, a monotonous and barren plain covering

a bed of chalk 1300 feet in thickness. On the west and
on the east it is commanded by two ranges of hills. The
highest point in the department (920 feet) is in the

hill district of Rheims, which rises to tho south-west of the

town of the same name, between the Vesle and the Jlarne.

Tho lowest level (164 feet), where tho Aisne leaves the

department, is not far distant. To the south of the

Marne tho hills of Rheims are continued by the heights of

La Brie (700 to 800 feet). All theso belong geologically

to tho basin of Paris. They slope gently towards the west,

but command the plain of Champagne-Pouilleuse by a

steep descent on the east. On' tho further sido of the

plain are the heights of Argonne (8G0 feet), formed of beds
of the Lower Chalk, and covered by forests ; they unite

the calcareous formations of Langres to tho schists of

Ardennes, and a continuation of them stretches southward
into Perthois and the marshy Bocage. Tho department
belongs entirely to tho Seine loasin, but of that river thero

are only 13 miles, in the south-west ; it thero receives the
Aube, which has 10 miles within the department. Tho
principal river is tho Marno, which runs through tho

department for 105 miles in a great sweep concave to the

south-west, passing Vitry-le-Frani;ois, Chfdons, lipcrnay,

and Dormans. In its course through tho department it

falls from 410 to 213 feet. Tho principal tributaries aro
tho Saulx (which receives tho Ornain) on the right, and on
the left tho Blaise, which waters Vassy, tho Sommo Sonde,
and th'i Surmelin (with its tributary the Dhuis), whence
Paris is .supplied ; besides tho IVtit Jlorin and the Grand
Morin. Of the last three only tho upper courses lie within

ir.-L'i

the department. Tlie Aisne enters the department at a

point 12 miles from its source, and traverses it for 35

miles, watering Ste Jlenehould. Two of its affluents oa

the left, the Suippe and the Vesle, on which stands Rheims,'

have a longer course from south-east to north-west across

the department.

JIarne has the climate of the region of tho Seine ; tho annual

mean temperaturo is 50° Fahr., the rainfall about 24 inches. Of
the total area about three-fourths consists of arable land, and n

sixth is under forest, whilst a twenty-fifth is meadow land.

Vineyards cover 637 square miles. Tho department is largely

stocked with sheep (536,000, of which 133,000 are a mixed merino

breed, whose wool is used iu the manufacture of merinoes, flannels,

and cashmeres). Cattle are estimated to number 95,260 ; horses,

53,000 ;
pigs, 02,000 ;

goats, 6000 ; and asses, 6000 ; these last

are used in the narrow pathways which intersect the vineyards.

About 600,000 lb of honey and 240,000 lb of wax are produced.

The vineyards, though not of great extent, are of high valuo

from the quality of their products. The manufacture of the spark-

ling wines of Champagne is an important industry, of wkieh

ipernay, Rheims, and Chalons are the chief centres. The yearly

exportation is about 20,000,000 bottles, at the average valuo of

half a crown a bottle. Cereals are grown in excess of tho local

consumption. Com, hay, ryo, barley, potatoes, and beetroot are

the chief crops. Several communes supply the more valuable vege-

tables. In 1881 the produce of wine was more than 14J millioa

gallons. The principal orchard fruits are tho apple, plum, and,

cherry. Pine woods are largely planted in Champagne-Pouilleuse.j

The department produces iron ore, phosphate of lime, quantitiea

of turf, and excellent millstones and stone for building.

The chief industry is that in wool, which has brought together;

in the neighbouihood of Rheims, establishments for spinning,

carding, dyeing, and weaving. Thematerials wrought are flannels,

merinoes, tartans, shawls, rugs, and fancy articles. In 1879 tho

aggregate length of tho various stuffs measured at Rheims was

12,198 miles. This business alono occupi& 30,000 operatives in

the department, and produces annually nearly 800,000 pieces,

valued at £18,000,000. Hosiery in woollen employs 420 looms,]

and in cotton 1800. Marne contains blast-furnaces, iron, gopper;

and bell foundries, and manufactories of agricultural implemeuts.'

Besides these there are tanyards, currying and leather-dressing

establishments, and glassworks, which, with sugar-works and
breweries! complete the list of the most important industries.

Biscuits and gingerbread are a specialty of Rheims. Tho chief

imports are wool, coal, and colonial wares ; tho exports are wine,

grain, live stock, stone, whiting, pit-props, and woollen stuffs.

Transport is supplied by the river Marne and the canal connecting

it with the Rhine and with tho Aisne, and by 300 miles of railway.

The population in 1881 was 421,027, an increase of 116,371 since

1801. There aro five arrondissements—those of Chalons (tho

chef-lieu), ilpernay, Rheims, Ste Menehould, and Vitry-le-Franjois.

Tho department belongs partly to the archbishopric of Rheims aud
partly to tho see of Chilons. Chillons is tho headquarters of tho

6th army corps; to the north of the town is the great eamp
devoted to military exercises.

MARNE, Haute-, a department of eastern France, made
up for the most part of districts belonging to the former

province of Champagne (Bassigny, Perthois, Vallage), with

smaller portions of Lorraine and Burgundy, and some
fragments of Franche-Comt(5. It lies between 47° 35' and
48° 40' N. ht., and between 4'' 40' and 5° 55" E. long.,

the capital, Chaumont, being 133 miles east-south-east

from Paris in a direct line, and it is bounded on the N.E.
by Meuse, on tho E. by Vosges, on the S.E. by Ilaute-

Saone, on the S. and S.W. by Cute d'Or, on the W. by

Aube, and on tho N.W. by Marne. Tho extreme length

from north-north-west to south-south-east is 81 miles, and
the area 2402 square miles. Its greatest elevation (1G93
feet) is in the plateau of Langres, betsveen the sources

of tho JIarne and those of tho Aube ; tho watershed
between tho basin of the Rhone on tho south and those

of tho Seine and Mouse on the north, which is formed
by the plateau of Langres and tho Jlonts Faucilles, has
an average height of 1500 or IGOO feet. The country
descends rapidly towards tho south, but in very gentle

slopes northwards. To the north is Bassigny (" paybas,"
as distinguished from the highlands), a district of country
characteri2ed by monotonous flats of small fertility, and
generally under wood. Tho lowest level of the deijajtpient
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is 3G0 feet, llydiogiapliically llaiite-Marne bel iigs fur

the most part to the basin of the .Seine, the R-uiainder to

those of the Rhone and the Meuse. The priiici;';tl stream

is the Mnme, which rises here, and has a course of 75

miles within the departiueut Among the more important

affluents of the ilarne are on the right the Rognon, and
on the left the Blaise, one of the riven of France most
fully utilized for the supply of water-power. The Saulx,

another tributary of the ilarne on the right, also rises in

Haute-Marne. Westward the department is watered by
the Aubc and its tributary the Aujou, botli of which have
their sources on the plateau of Langres. The Meuse also

rises in the JMonts Faucilles, and has a course of 31
miles within Haute-Marne. On the Jlediterranean side

the department sends to the Saone the Apance, the Amance,
the Salon, and the Yingeanne. Th« climate is partly that

of the Seine region, partly that of the Vosg'es, and partly

that of the Rhone ; the mean tempemture is 51° F., nearly

that of Paris ; the rainfall is slishtlv below the averaae for
L-<

o o
i ranee.

Of the total area ratlier more than one half is arable, about a
third .8 under wood, a twentietli under meadow, and a fortieth is

occupied by vineyards. ITiere are 39,000 horses (extensively
bred in Bassigiiy), 86,000 head of cattle, 170,000 sheep, 58,000 pigs,

6000 goats, 25,000 beehives, and a large quantity of all kinds of
poultry. Though not veiy fertile, the soil is well cultivated, and
in 1878 yielded 1,271,363 hectolitres of wheat, 144,348 of barley,

1,446,421 of oats, 1,177,187 of potatoes, besides Dieslin, rye,

buckwheat, dried legumes, colza, beetroot, and hemp. Upwards of
8 million gallons of wine of ordinary quality were produced in
1881. The timber consists chiefly of oak, beech, elm, ash, maple,
birch, and aspeu ; the orchards produce cherries, apples, pears, and
prunes. The department is very rich in iron ; the annual output
of 300,000 tons is exceeded ouly by that of Meurthe-et-itoselle.
Building and paving stones are quarried. The w;arm springs of

Bourbonne-les-Bains are among the longest-known and most fre-

ilented in France. The leading industry is the metallurgical; in
IfiSl 76,000 tons of pig iron and 85,000 of wrought iron were pro-
duced. The establishments include blast furnaces, foundries, forges,

plate-rolling works, and shoj-sfor nailmaking and smith work of
various descriptions. St Di?ier, the place of largest j^pulation, ia

the chief centre of manufacture and distribution. The cutlery trade
alone occupies 6000 persons in the neighbourhood of Langres. The
department employs 1800 spindles in the woollen manufacture

;

glove-making, basket-making, brewing, tanning, and other industries
are also carried on. The principal import is coal, while iron, stone,
wood, and cereals are exported. The population in 1»76 was
253,943, making an increase of 27,288 since 1801. There are
three arrondissements (Chaumont, Langres, and Vassy), the caoital

being Chaumont.

lyiAROCCO. See Morocco.
MAROXITES (Syriac, MoriXnbye ; Arabic, Mawdrina),

an ecclesiastical community, and therefore also, according to

the usage of tbe Christian East, a distinct political or social

body, found mainly in or near the Lebanon, acknowledg-

ing tbe headship of the pope and the Latin siaadard of

orthodoxy, bat still retaining some peculiar privileges,

including the use of a Syriac service—which few even of

the priests now understand—and permission for the inferior

clergy to marry. !Maronite writers, trained either at Rome
(in the Maronite college, founded by Gregory XIIL in

1584) or under Roman influences, have not unnaturally

striven to prove that their church was always in essential

accord with the Church of Rome except in ritual, but there is

clear evidence that this is incorrect. The earliest references

to the Jlaronitcs (beginning in the 8th century) leave no
doubt that they were Monothelites, and there is contem-
porary "tvidence (William of Tyre) that they only abjured

their heresies in 1182, when with their patriarch and
some bishops they joined the Latin Church. Even in later

times it has cost Rome mucu pains and money to attach

them closely to herself and produce real conformity to Latin

or ultinif.tely to Tridentine orthodoxy. The origin of the

Maronitss and their earlier history are obscure. The name
M no doubt connected with the monastery of St Maron.

near tuc source of the Orontes, one of the chief monasteries
of Syria in the 6th century ; ' the Moronites themselves
(Assemani, Bii. Or., i. 49G srj.) have much to tell of their

great jjatriarch John Maron, or rather John of JIaron, who
studied at the convent of St Maron, converted the Lebanon
to orthodoxy, and died 707 a.d. Much of the hi&tory of

this personage is certainly fabulous.^

Though the Maronite college at Rome sent lorth some
distinguished scholars— the grammarian Amlra, Gabriel

Sionita, Abraham Ecchellensis, and the three Assemanis

—

the Maronite community never took on much Western
culture. A simple warlike race, they long maintained a
great mea.sure of internal freedom under their native,

nobility, only paying tribute to the pasha of Tripoli ; and
for a time, when the princely house of Shih.^b left Islam
and became Maronites, they greatly outweighed the Druses
in their inlluence in the Lebanon.' Since the fall, in 1840,
of the Maronite emfr Beshir, who was only by outward pro-

fession a Moslem, their power has sunk. For their subse-

quent history see vol. vii. p. 486, and for statistics, ic,
at the present time, see Leuanon.

The seat of the Maronite patriarch is at Kann<5bln

(Coenobium); the bishoprics are Aleppo, Baalbek, Jebeil,

Tripoli, Ehden, Damascus, Beirut, Tyre, and Cyprus.

See in general Le Quien, Orinis Christianus, iii. 1-100 ; Nairon,
Dc originc, etc., Maronitanini, Rome, 1679; Daudini's account of

the mission of 1596 in the Fi^epch translation with R. Simon's notes
(Voyngc du ifont Lebanon, Paris, 1685); Schnurrer, De Ecclesia

Maroaitica, 1310-1811; and fiodiger's article "Maroniten" in

Herzog's Rcul-Encyd.

MAROONS. A negre marrrni is defined by Littr^ as a
fugitive slave who betakes himself to the woods ; a similar

de6nition of dmarron (apparently from cima, a mountain
top) is given in the Dictionary of the Spanish Academy.
The old English form of the word ia symm-on (see

Hawkins's Voyage, sec. 68). The designation in modern
English is applied almost as a proper name to the

descendants of those negroes in Jamaica who at the first

English occupation in the 17th century fled to the moun-
tains. See vol xiiL p. 550.

MAROS-VASARHELY, a royal free town of Hungary,
and capital of the Transylvanian county of Maros-Torda, is

situated on the Maros and on the Hungarian Eastern

Railway, 50 miles north-east of Hermannstadt, in 46° 30'

N. lat, 24° 31' E. long. It is the seat of the " royal table
"

court of appeal for the Transylvanian circle, of royal and
circuit courts of law, of a board of Tvorks, and of oflices

of assay and of the Government tobacco monopoly ; as also

the headquarters both of the militia and regular infantry

for the district The to-vn is well built, partly upon
rising ground, and has a citadel with barracks, three

churches (one large ard handsome), and a college belonging

to the Calvinists ; Roman Catholic and Greek Orthodox
churches, religious houses, and schools ; a public library

of 80,000 volumes, with a picture gallery and fine collec-

tion of minerals ; a theatre, a hospital, and several philan-

thropic and industrial institutes. The trade is chiefly in

timber, planks, materials for house-roofijig, grain, wine,

tobacco, and other products of the neighbourhood. Both
weekly and special markets are held. At the end of 1 880
the population amounted to 12,843 (6265 males, 6578
females), Magyars and Roumanians by nationality.

ft

' The ruins of this place are described by Bobinson, Bib. Sisearchts,
iii. 539 ; Eenan, Ph&nicie, p. 119.

" Tlie John of Maroa known to Bar-Hebrseus (Chron. Secies., i. 463),
and placed in the 10th century, was apparently a Monophysite. That
Monophysite as well as Monothelite doctrine was once current among
the Jlaronites appears from various things in their ecclesiastical books,
which they now try to explain away or reject as interpolations.

* See Niebuhr, ReisebeschT. , vol. ii ; Volney, Voyage ; Robinsor
'

JiescaTcJies, ii. 506.
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"MAROT, Cl^imext (14DG-1544), one of the most agree-

able if not one of tbe greatest poets of France, and a figure

of all but the first importance in her literary history, was

J)orn at Cahors, the capital of the province of Quercy,

some time during the winter of the year 149G-97. He
was, however, not a southern by blood, at least by his

father's side. That father, Jean Marot, whose more correct

name appears to have been Mares, JIarais, or Marets, was

a Norman of the neighbourhood of Caen. He was himself

a poet of considerable merit, and held the post of escripvain

(apparently uniting the duties of poet laureate and historio-

grapher) to Anne of Britanny. Ho.had however, on what

business or in what capacity is net known, resided

in Cahors for a considerable time, and was twice married

there, his second wife, whose name is not known, being

the mother of Cl(iment. The boy was " brought into

France "—it is his own expression, and is not unnoteworthy

as showing the strict sense in which that term was still

used at the beginning of the 16th century—in 1506, and

he appears to have been educated at the university of Paris,

and to have then begun the study of the law. But, wherea.3

most other poets have had to cultivate poetry against their

father's will, Jean JIarot took great pains to instruct his

son in the fashionable forms of versemaking, which indeed

required not a little instruction. It was the palmy time of

the rliitoriqueurs, poets who combined stilted and pedantic

language with an obstinate adherence to the allegorical

manner of the 15th century and to the most complicated

and artificial forms of the Ballade and the Rondeau.

Cldment himself practised with diligence this poetry

(which he was to do more than any other man to over-

throw), and he has left panegyrics of its coryphaeus

Guillaume Crdtin, the unfortunate suggester of the Kamina-

grobls of Rabelais. Nor did he long continue even a

nominal devotion to law. He became page to a certain

Messire de Neuville, and this opened to him the road of

court life. Besides this, his father's interest must have

been not inconsiderable, and the house of Valois, which was

about to hold the throne of France for the greater part of

a century, was devoted to letters. As early as 1514, before

the accession of Francis I., Cldment presented to him
his Judgment of Minos, and shortly afterwards he was
either styled or styled himself factenr (poet) de la reine

to Queen Claude. In 1519 he was attached to the suite

of Marguerite d'Angoulfime, the king's sister, who was for

many years to be the mainstay not only of him but of almost

all French men of letters. In 1524 he drew 95 livres

annually from her as a pension, and he had a post in the

household' of her husband the Due d'Alen^on. It is

certain that Marot, like most of Marguerite's literary court,

and perhaps more than most of them, was greatly attracted

by her gracior.s. ways, her unfailing kindnes.s, and her

admirable intellectual accomplishments, but there is not

the slightest ground for thinking that his attachment vras

other than platonic. Indeed the most famous passage of

his poems which relates to the future queen, in wliich he
describes her " sweet refusal with a sweeter smile," is

tolerably decisive on the point. It is, however, evident

that at this time either sentiment or matured critical

judgment effected a great change in his style, a change
which was wholly for the better. At the sam, 'timohe
celebrates a certain Diane, whom it has been sought to

identify with Diane de Poitiers. There is nothing to

Kupport this idea and much against it, for it was an almost
invariabler habit of the poets of the ICth century, when the

mistresses whom they celebrated were flesh and blood at

ill (which was not always the case), to celebrate them under
pseudonyms. In the same year 1524, Marot accompanied
Francis on his disastrous Italian campaign. Ho was
wounded and taken at Pa via, but soon released, and he wcs

back again at Paris by the beginning ot 1 S^iD'. His Incl: had,
however, turned. Marguerite for intollectnal reasons, and
her brother for political, had hitherto favoured the double
movementof A vfkldmng, partly humanist, partly Reforming,
which distinguished the beginning of the century. For-

midable opposition to both forms of innovation, however,
now began to be manifested, and Marot, who was at no
time particularly prudent, was arrested on a charge of

heresy and lodged in the Chatelet, February 1520. Bat
this was only a foretaste of the coming trouble, and a
friendly prelate, acting for Marguerite, extricated him from
his durance before Easter. The imprisonment gave him
occasion to write a vigorous poem on it entitled Enfcr, which
was afterwards imitated by his luckless friend Dolet. His
father died about this time, and Marot seems to have been
appointed to the place which Jean had latterly enjoyed, that

of valet de chambre to the king. He was certainly a mem-
ber of the royal household in 1528, with a stipend of 250
livres, besides which he had inherited property in Quercy.
In 1 530, probably, he married. Next year he was again
in trouble for heresy, and was again rescued ; this time the
king and queen of Navarre seem to have bailed him them-
selves. In 1532 he published, under the title of Adoles-

cence Clementine, a title the characteristic grace of which
excuses its slight savour of affectation, the first printed col-

lection of his works, which was very popular, and was fre-

quently repriuted with additions. Dolet's eflition of 1538
is believed to be the most authoritative. Unfortunately,

however, the poet's enemies were by no n?eans discouraged

by their previous ill success, and the political situation was
very unfavourable to the Reformiug party. In 1535 Marot
was again summoned to appear on the charge of heresy, and
this time he was advised or thought it best to fly. He
passed through Ri5arn, and then made his way to Renee of

Ferrara, a supporter of the French Reformers as steadfast

as her aunt JIarguerite, and even more efficacious, because

her dominions were out of France. At Ferrara he wrote a

good deal, his work there including his celebrated Blasons

(adescriptive poem, improved upon medieval models), which

set all the verse writers of France imitating them. IJiit the

duchess flende was not able to persuade her husband, Ercole

d'Est&, to share her views, and Marot had to quit the city.

He then went to Venice, but before very long obtained per-

mission to return to France. Francis himself, though a

fickle and unsafe patron, was attached to him, and in 1539
gave him a house and grounds in the suburbs. It was at

this time that his famous tranilations of the Psalms

appeared. The merit of these has been sometimes denied,

owing apparently to the absurd partiality which seems in

the case of some critics to make it impossible for the reader

to appreciate the manner of a work to the matter of which

he is opposed on political or religions grounds. It is, how-

ever, considerable, and the powtrfid influence which the

book exercised on contemporaries is not denied by any one.

Tho great persons of the court chose different pieces, each

as his or her favourite. They were sung in court and city,

and they are said, with escgqeration doubtless, but still

with a basis of truth, to have done more than anything else

to advance tho cause of the Reformation in France. Indeed

the vernacular prose translations of tho Scriptures were in

that country of little merit or power, and tho form of poetry

was still preferred to prose, even fur. the most incongruous

subjects. At the same time Marot engaged in a curious

literary quarrel characteristic I'f the time, with a bad poet

named Sagon. Half the verse writers of Fmnce ranged

themselves among tho Ma.-otiquqs or the Sagontiques, and

a great deal of versified abuse was exchanged. Tlie victory,

as far as wit was concerned, naturally rested with Marot,

but his biographers are probably not fanciful in supprsing

that a certain amount of odium was created against him by
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tlie squabble, and tliat, as in Dolet's case, his subsequent

misfortunes were not altogether unconnected with a too

little governed tongue and pen. Although on his last

return into France he had formally abjured his errors, the

publication of the Psalms gave the Sorbonne a handle, and

the book was condemned by that body. In 1543 it was

evident that he could not rely on the protection of Francis,

who was probably too selfish in any case to have given him

inconvenient help, and who, like many of his family, was

disposed to compound with the church for a libertine life

by ceremonial devotion and by sacrificing heretics liberally.

Marot accordingly fled to Geneva ; but the stars were now
decidedly against him. He had, like most of his friends,

been at least as much of a freethinker as of a Protestant,

and, notwithstanding the immense service ho had done to

the cause by the publication of his Psalms, this was fatal

to his reputation in the austere city of Calvin. He had
again to fly, and made his way into Piedmont, where he

seems to have enjoyed a sort of left-handed protection from

Francis, who then held it. But the harassing effect bf these

constant persecutions, assisted very likely by the careless

living which was but too common at the time, proved too

much for him, and he died at Turin in the autumn of 1544,

aged barely forty-eight.

In diameter Marot seems to Lave been a typical Frenchman of

the old stamp, cheerful, good humoured, aud amiable enough, but
probably not very much disposed to elaborately moral life and con-

versation or to serious reflexion. He has sometimes been charged,

though on no very definite grounds, with a want of independence

of character, and his attitude towards his patrons was certainly not

that of almost haughty equality which Ronsard brought in ; but it

ia fair to remember that Marot belonged almost as much to the

Middle Ages as to the Renaissance, and that in the Middle Ages
men of letters naturally attached themselves as dependants to the

great. Such scanty knowledge as we have of his relations with his

equals is favourable to him. He certainly at one time quarrelled

with Dolet, or at least wrote a violent epigram against him, for

which there is no known cause. But, as Dolet quarrelled with

almost every friend he ever had, and iu two or three cases played

them the shabbiest of tricks, the presumption is not against

JIarot in this matter. Whatever may have been JIarot's personal

weaknesses, his importance in the history of French literature is very

preat, and it is wont nowadays to be rather under- than over-valued.

Coming immediately before a great literary reform—that of the

Pleiade—Marot suffered the drawbacks of his position ; he was both

eclipsed and decried by the partakers in that reform. In the

reaction against the Pleiade he recovered honour ; but its restoration

to virtual favour, a perfectly just restoration, has again unjustly

depressed him. Yet JIarot is in no sense one of those writers of

transition who are rightly obscured by those who come after them.

He himself .was a reformer, and a reformer on perfectly independent

lines, besides which it may be said that he carried his own reform

as far as it would go. It has been said that his early work was

couched iu the rhiloriqueur style, the distinguishing characteiistics

of which are elaborate metre and rhyme, allegoric matter, and
pedantic language. In his second stage he entirely emancipated

himself from this, and became one of the easiest, least affected, and
most vernacular poets of France. In these points indeed he has,

with the exception of La Fontaine, no rival, and the lighter verse

writers ever since have taken one or the other or both as model.

In his third period he lost a little of this flowing grace and ease,

but acquired something in stateliness, while he certainly lost nothing

in wit. It is beyond question that Marot is the first poet who
strikes rcadei's of French as being distinctively modern. He is not

80 great a poet as Villon nor as some of his successors of the Pleiade,

but he is much less antiquated than the first (whose works, as well as

the Roman dc la Rose, it may be well to mention that he edited) and
not so elaborately artificial as the second. Indeed, if there be a fault

to find with Marot, it is undoubtedly that in his gallant and success-

ful effort to break up, supple, and liquefy the stiff forms and stiffer

language of the 15th century, he made his poetry almost too ver-

nacular and pedestrian. Iu his hands, and while the sli/le Marotijiu:

was supreme, French poetry ran some risk of finding itself unequal
to anything but graceful vers de socieU. But it is only fair to

remember that for a century and more its best achievements, with

r.irc exceptions, had been vers de sociiU wliich were not graceful.

There U a very cheap, bandaome, and naefol edition <( Marot \>j Jannet and
Ill5iicauU, 4 vols., Paris, 1873; but M. Georges Guiffrey is slowly producing a
costly and splendid woi k, containing a vast quantity of unjiuMlshed matter, which
will undoubtedly be the ^tandaid. This work contains much biographical detail,

V. iiicli, ho-.vcvcr, as being 51UI incoDiiiletc, is uol availablc^to modify former

ii\:evual&-
*

O. SA.)

MARQUESAS ISLANDS, or Mexdana Islands
(French, Les Marquises), an archipelago of twelve islands

lying between 7° 50' and 10° 35' S. lat., and 138° 30' and
1 40° 50' W. long. They extend over 200 miles from S.E. to

N.W., and have a total area of 489 square miles. The lower
or true Jlarquesas group consists of the islands Fatouhiva
or Magdaleiia, Motane or San Pedro, Tahouata or Sta
Christina, and Hivaoa or Dominica, the last with a coast-

line of more than GO mile?. With these is often included

the rocky islet of Fetohougo or Hood's, lying in mid-
channel to the north of Hivaoa. The north-western or

Washington group is formed of seven inlands, the four

largest being Koa-Poua or ^ Adams, Ilouahouna or

Washington, Noukahiva or Jlarchand (70 miles in circum-

ference), aud Hiaou. Along the centre of each island is a

ridge of mountains, sometimes attaining an altitude^of

3500 feet, whence rugged spurs forming deep valleys

stretch towards the sea. The volcanic origin of the whole

archipelago is proved by the principal rocks being of

basalt, trachyte, and lava. E.Kcept on a few barren peaks

the islands are clothed with verdure, and in the valleys,

which are well watered with streams and brooks, the

vegetation is luxuriant. The flora includes over four

hundred known species, many of them identical with those

belonging to the Society Islands. The vegetable products

comprise bananas, bread-fruit, yams, plantains, wild cotton,

bamboos, sugar-cane, cocoa-nut and dwarf palms, and several

kinds of timber trees. The land fauna is, however, very

poor: there are few mammals with the exception of dogs,

rats, and pigs ; and amphibia and insects are also generally

scarce. Of twenty species of birds more than half belong

to the sea, where animal life is as abundant as at other

subtropical Polynesian groups.

The climate of the Marquesas, although hot and humid,

is not unhealthy. During the greater part of the year

moderate easterly trade winds prevail, and at the larger

islands there are often both land and sea breezes ; the

rainy season, accompanied by variable winds, sets in at the

end of November, and lasts for about sis months. During
this period the thermometer varies from 84° to 91° F.; in

the dry season its average range is from 77° to 80°.

The inhabitants, a native Polynesian race, have in many
respects a great affinity to the Tahitians, but excel them
in symmetry of form. They live chiefly on bread-fruit,

vegetables, and fish, almost entirely neglect agriculture,

but rear hogs and fowls in great numbers. They exchange

live stock, timber, vegetables, fruit, and fresh water with

traders for iron utensils, firearms, gunpowder, cloth,

tobacco, and brandy. 'They are polite in their intercourse

with strangers, susceptible and courageous, but at the same
time excitable, revengeful, addicted to stealing, lazy, and

immoral. The efforts of missionaries, ^whether Protestant

or Roman Catholic, have hitherto- proved of little avail

either in converting them to Christianity or in improving

their moral and social condition. ^ At the commence-

ment of the present century the population exceeded

20,000, but since then petty warfare, infectious maladies,

and various other causes have greatly reduced its

number; and on the 31st December 1876 it reached only

5754.

In 1842 the Marquesas arcnipelago was formally taken

possession of for France by Captain Du Petit-Thouars

;

and the French still maintain a nominal protectorate over

the islands, with a resident and a small garrison at

Noukahiva. Since 1861, however, French colonization

has been virtually abandoned.
The Marquesas Islands were first discovered 21st July 1595, by

Alvaro Mendaua, who, however only knew of the south-east group.l

to which he gave the name ofMarquesas de Mendoza, iu honour of

the viceroy of Peru. Cook, pursuing tlic same track, rcdiscovcreJ

this group, with the addition of Fetohougo, iu 1774. Thc.uorlU;
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iYvst islands W8re flrsl siglitcdtiy Infp'aliam tlic Ainoncnn in 1791,

and were subsequently visited by Mnrclinnd (1791) and Hergcst

(1792). A more extensive investigation of the archiiielago was
made by Kniseustern in 1804. Of later naWgators to tbc Jlaifjiiesus

tlio most uotewoitby are Stewart (1820), Bennett (16:J5), and
D'LTrville (1838), and, since the date of the French occuiiation,

Dumoulin, Jounn, and above all Jardin.

See C. E. Meinicke, Die Inseln dcs slilleii Oceans, Leipsic,

1875-76 ; Tabkmix dc pop., d-c, dcs col. fmn(;. for 1877.

MARQUETRY. See Fup.xiture.

MAK(^UETTE, a city and port of entry of llie United

States, and the county seat of Marquette county, Michigan,

lies on a bluff about 25 feet above a bay of Lake Superior,

and is a terminus of the Marquette, Houghton, and Onton-

agon, and the Detroit, Mackinac, and Marquette Railroads.

Though the population of the city was only 4690 in 1880,

Marquette is '^'place of importance as the chief shipping

port for the great iron-ore region of western IMichigan

(787,150 tons shipped in 1881), and contains a number
of blast furnaces, foundries, machine-shops, and powder-

mills, while at the same time it has a reputation as a
resort for invalids and tourists. A Roman Catholic cathe-

dral, convent, and orphan asylum are among the public

buildings.

IMARQUETTE, Jacques, a Jesuit missionary and
explorer, was born in 1G37 at Laou iu France, and died

May IS, 1075, on the banks of a small stream, now
known as the Jlarquette, which has its mouth on the

eastern shore of Lake Michigan. Having joined the

Society of Jesus, he sailed for Canada in 166G, spent

eighteen months in the vicinity of Three Rivers, founded
the mission of Sault Sainte Marie on Lake Superior iu 1668,
and followed the Hurons to Mackinaw in 1G71. It is

pjainly, however, as Joliet's companion in his voyage down
the Mississippi in 1673 that Marquette holds a permanent
position in the history of discovery in America.

Ilia .Kirr.itive, first published in Thevenot's licciicil dc Voyages
(I'aiis, 1681), is jninted along with other documents rel.iting to

him in Sbei's Discovery and Exploration of the Mississippi Valley
(New York, 1852).

MARQUIS, or Marquess, a title and rank of nobility,

the second in tho order of the British peerage, and there-

fore nest to duke. Tho fii-st marquis in England was
Robert de Vere, the ninth carl of Oxford, who by Richard
II., l.st December 1385, was created marquis of Dublin.
On the 13th of October following the patent of this

marquisate was recalled, Robert de Vere then having been
raised to a dukedom. John de Beaufort, the second
legitimate son of John of Gaunt, was created to the
second marquisate as marquis of Dorset, 29th September
1397. From that period this dignity appears to have
been dormant till the reign of

Henry VL, when it was revived,

and thenceforward it maintained
its place in tlio British peerage.

A marquis is " most honourable,"

and is styled "my lord marquis." JimqiUs-s Coronet.

His wife, who also is " most honourable," is a marchioness,
and is styled "my lady marchioness." The coronet is a
circlet of gold on whichrest four leaves and as many largo
pearls, all of them of equal height and connected. The
cap and lining, if worn, are tho same as in the other coronets.
The coronet, which in representations displays one central
leaf with two pearls and two half-leaves, when without cap
or lining, is shown in the annexed woodcut. The mantle
of parliament is scarlet, and 1ms three and a half doublings
of ermine.

MARRIAGE, Law of.i Marriage may be defmed here
eathe act, ceremony, or process by which tho legal relation-

ship of husband and wife is constituted. fiiTnost if not
all legal systems it takes the form of a contract—the

mutual assent of the parties being the prominent and indis-

pensable feature of the ceremony. Whether it is really a
contract or not, and if so to what class of contracts it

belongs, are questions which Jiave been much discussed,

but into which it is not necessary to enter. While the

consent of parties is universally deemed one of the con-

ditions of a legal marriage, all the incidents of the relation-

ship constituted by the act are absolutely fixed by law.

la the United States it has been expressly decided that

marriage is not a contract within the meaning of the

constitutional law, which prohibits state enactments

'"impairing the obligation of contracts." Mr Bishop,

however, in his very valuable book on ilarriage and
Divorce, suggests that a State law permitting the status

of marriage to be created without the consent of both
parties would not be constitutional; but that is a
difficulty arising out of the peculiar relation of the States

to the Union. The question whether marriage is merely

a contract or more than a contract, whether a purely civU

or also a religious act, belongs to a similar order of inquiries.

The jurist has only to deal with marriage in so far as it

creates the legal status of husband and wife. It should

be added that, while marriage is generally spoken of by
lawyers as a contract, its complete isolation from all other

contracts is invariably recognized Its peculiar position

may be seen at once by comparing it with other contracts

giving rise to continuous relationships with more or less

indefinite obligations, like those of landlord and tenant,

master and servant, &c. In these the parties may in

general make their rights and duties what they please,

the law only intervening when they are silent. In marriage

every residting right and duty is fixed by the law.-

lioman Law.—The three primitive modes of marriage

were confarreal io, coemplio in mamtm, and vsits, all of

which had the effect of placing the woman in the "power"
(vtanits) of her husband, and on the same footing as tho
children. The first was a religious ceremony before ten

witnesses, in which an ox was sacrificed and a wheatcn cake
broken and divided between the spouses by the priest

Coem^Jlio was a conveyance of the woman by 7Hanc>jmtio,

and might be described as a fictitious sale per xs et

libram, like that employed in emancipation and testa-

mentary disposition and other processes, Usus was the

acquisition of the wife by prescription, through her cohabit-

ing with tho husband for one year without having been

absent from his house three continuous nights. But u

true marriage might be concluded without adopting any
of these modes, and they all fell into desuetude and with

them the subjection of the wife to the inaniis. Marriage
without manus was contracted by the interchange of con-

sent, without writing or formality of any kind. By some
jurists it is regarded as incomplete until consummated by
delivery of the woman, and is accordingly referred to tlio

class of real contracts. Tho restrictions as to age, rolatiou-

ship by consanguinity and aflinity, previous marriage, ic.,

were in the main those which have continued to prevail in

modern Europe with one important exception. The consent
of the pattrfamilias to the marriage of the children

under his power was essential

In the Canon Law, which is related on tho one hand to

the civil law, on the other to the modern matrimonial law
of Europe, although marriage was not merely a contract

but a sacrament, the validity of marriages by consent was
nevertheless admitted. " When the natural and civil

contract was formed," says Lord Stowell, " it had the full

> Sao ulso Ulsbaao akd Vfms and UivoBCk.

" A fall coUcclion of jjiridicil ojiinion an to Ibo k;;ul darai-li r

f nianiage is to bo found in Lord Frasci's Uxulund and Wifr,
vol. i.cliap. iL
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essence of matrimony wiiUout tlic intervention of a priest.

It had even in tliut state the diaiacter of a sacrament, for

it is a misapprehension to suppose that this intervention

was required as a matter of necessity even for that purpose

before the council of Trent."'

Evt/lmul.— Marriage may be the subject of an ordinary

-contract on wliich an action may be brought by either

p:irty. It is not nece.s.sary th.it the promise should be in

writing, or that any particular time should be named. The

parties were fornieily inadmissible as witnesses in this

action ; but they are now competent to give evidence,

subject to the condition that the plaintiff shall not recover

"unless his or her testimony shall be corroborated by

Eonie other material evidence " (32 & 33 Vict, c. GS).

The ordinary defences, e.r/., fraud, discharge, minority, are

available in tluss actions, andthere are also special defences

arising from the nature of the contract, sucli as the bad
character of the plaintilT, the relationship of the parties

within the prohibited degrees, &:c.. Promises to marry are

not within the meaning of "agreement made in consideration

of marriage " in the statute of frauds, which requires such

agreements to be in writing. Contracts in restraint of

marriage, i.e., whose object is to prevent a person from
marrying anybody whatever, are. void, as are also contracts

undei taking for reward to procure a marriage between
two persons. These latter are termed marriage brocage

contracts.

Any man and woman are capable of marrying, subject

to certain disabilities, some of which are said to be
canonical as having been formerly under the cognizance of

the ecclesiastical courts, others civil. The efiect of a
canonical disability as such was to make the m.irriagc not
void but voidable. The marriage must be set aside by
regular process, and .sentence pronounced during the life-

time of the parties. Natural inability at the time of the

marriage to procreate children is a canonical disability.

So was pro.\imity of relationship within the prohibited

degrees, which his been made an absolute avoidance of

marriage by 5 i C Will. IV. c. 54. A pre-engagement
to another person was at one time recognized as a canonical

disability. Civil disfxbilities are (1) the fact that either

party is already married and has a spouse still living ;-

(2) the fact that either party is a person of unsound mind
;

(3) want offull age, w-hich for this purpose is fi.xed at the

age of puberty as defined in the Roman law, viz., four-

teen for males and twelve for females;' (4) proximity of

relationship within the prohibited degrees, already alluded

to. The statute which lawyers regard as establishing the
rule on this last point is the 32 Henry VIIT. c. 38 (repealed

in part by 2 it 3 Edw. VI. c. 23, in whole by 1 & 2 P. and
M. c. 8, but revived by 1 Eliz. c. 1, and so left as under the
Act of Edward), which enacts that " no prohibition, God's
law except, shall trouble or impeach any marriage without
the Levitical degrees." The forbidden marriages, as more
particularly specified in previous statutes, are those between
persons in the ascending and descending line in iiijinitiim,

and those between collaterals to the third degree inclusive,

according to the computation of the civil law, which reckons
from one of the persons related to the common stock and
so down to the other person. The prohibitions extend not
only to consanr/nind (related by blood) but to affiues
(related by marriage). A man may neither marry his
sister nor his deceased wife's sister, for both are related

' Some restrictions on marriage peculiar to the canon law are noticcil
»t the end of this article.

^ A divorce nisi does not enable the parties to mnrrj' until it is
made absolute

' A maniage in which either of the parties is below the age of con-
tent is, however, said to be not absolutely void ; if the parties agree
to continue together at the age of consent no new niarri.ige is
•ecessary. ii"* e^'her of them raay dis.igree and avoid the niarri.i|e.

to him ill the second degree ; nor his sister's daughter,

nor his deceased wife's sister's daughter, for both are in the

third degree ; but he may marry his first cousin, for sha

is in the fourth degree. Consunr/iiinei of either spouse

are related by affinity to the other ; but the consanguinei

of the one are not necessarily related to the consanguinei

of the other. Hence two brothers may marry twosisters,

or a father and son a mother and daughter. A husband is

not related to the ajrines of his wife, and so a man may
marry the widow of his deceased wife's brother. The rule

as to collaterals includes those related by the half blood

and bastai'ds (see Stephen's Coinmenlaries, book iii. c. 2).

Other disabilities previously admitted were abolished by

the statute of Henry. The Act of 5 A G Will. IV. c. 54
enacted that "all marriages which shall hereafter be

celebrated between persons within the prohibited degrees

of consanguinity or affinity shall be absolutely null and
void to all intents and purposes whatsoever." They had
previously, as already slated, been only voidable. The Act

at the sftiiie time legalized marriages within the prohibited

degrees of affinity (but not consanguiniiy)actually celebrated

before the 31st August 183.1

The cclebiation of ni.ivri.igcs is now regulated wholly by statutory

Icgishtion. The most iin|>ort.iut Acts now in force are the 4 Geo. IV.

c. 76 and the G & 7 William IV. c. So.* The farmer regulates

marriages within the Church of England, but was intended to be of

universal apphc.ition, Jews and Quakers only being excepted by
section 31. It roquiics either the previous publication of lianns, or
a licence from the proper ecclesiastical authority. As to banns,
the rule of the rubric, so far as not altered by the statute, is re-

quiicd to be observed. They must be published on three successive

SiiiHl.iys at morning scrnce after the second lesson, in the church
of the parish in which the i)arties dwell ; the bishop may, however,
authorize the public.ition of banns in a public chapel. Seven days'

notice iiiust be given to the clergyman of the n.Mues of the parties,

their pl.ncc of abode, and the time during which they have lived

there. If cither pnrty is under age, the dissent of the parents or
guardians expressed at the time of publication of banns renders
such publication null and void. Licence in lieu of banns raay
only be granted by the archbishop, bishop, or other authority, for

the solemnization of a niarri.ige within the church of the parish in

which one of the parties shall have resided for tifteen d.iys before.

Before a licence c.in be granted an oath must be taken .is to the fact

of residence and that the necessary consent has been obtained in the
case of persons under age. The father, or lawful guardian, or
mother if unmarried, or guardian appointed by the court, is eacli in

order of substitution the proper person to consent to the marriage
of a minor, and the place of any such pei'son incapacitated mentally
is taken by the loixl chancellor. The absence of such consent does
not, however, .avoid a marriage once solemnized. But if pei'sons

wilfully intermarry (unless by special licence) in a place not being
a church or public cliapel, or without due publication of banns or
proper licence, or before a person not in holy orders, the marriage
is null and void to all i)ur]X)ses. Marriage must be celebrated with-
in three months after banns or licence, and between the hoiti-s of
ciyht and twelve in the morning.

For the relief of the great body of dissenters the Act 6 & " Will.
IV. c. 85 was passed. It permits marriage to be solemnized in two
additional w.ays,—viz. (1) by certificate of the superintendent regis-
trar of a district without licence, and (2) by such certificate with
licence. In the first case, notice must be given to the registrar of
tlie district or districts within which the parties have resided for
sevi-n days previous, which notice is inscribed in a marriage notice
book, open to public inspection at all reasonable times, and there-
after suspended for twenty-one days in some conspicuous place in
the registrar's office. The notice nmst be accompanied by a decla-
ration as to the absence of impediments, necessary consent, fcc.

.Vny person whose consent is necessary to an ecclesiastical licence
rnay lorbid the issue of a certificate, but in default of such prohi-
bition the certificate will issue at the end of the twenty-one days.
The maniage may then take place on any day within three months
of the entry of notice, and in one of tlie'foUowing ways :—(1) in a
certified place of religious woi-shij), registered for the solemnization
of marriage

; in that case a registrar of the district with two wit-
nesses must be present, and the ceremony must include a mutual
declaration of assent by the parties and a disavowal of any impedi-
ment ; (2) at the superintendent registrar's office, with the same

* A. complete list of the acts regulating the solemnization of marriage
or confirming marriages which through some defect might be void will
be found in Philliaiore's £cclaiastical Law, vol. i.
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declaration, but with uo religious iervice
; (3) iu a church acconlii)<;

totho usual form, the consent of the minister thereof having been
nriiviously obtained ; (4) according to llio usages of Jews and
Quakers. Tlie place of marriago iu all cases uiust have hccu sjitci-

fied iu the notice and certificate.

In the second case, wheu it is desired to )iroceed by licence,

notice mnst be given to the registrar of the district in which one of

the persona resides, to,';ethcr witli a declaration that he or she has
resided for fifteen days therein, that thcro is uo impediment, and
that the necessary consents if any have been obtained. The uoticc

is not exhibited iu the registrar's olRce, and the certificate n]ny be

obtained at the expiration of one wliole day after eutiy, together

with the licence. No registrar's licence can bo granted for a

marri,ige in church or according to the forms of the Church of Eng-
land,—the ecclesiastical authoiities retaining tliuir monopoly in

that respect. It is also provided that in the case of persons wilfully

intermarrying iu a place other tlian that mentionea iu the notice

and certificate, or without notice or certificate, &c. , the marriage

shall be null and void. And, .as under the former Maniage ."ict of

Geo. IV.., a valid marriage between persons one of whom is under
age, brought about by fraud or false oath,subjects1;he offending party

to a forfeiture of all propei-ty that otherwise might acciue to him
from the marriage, a like iienalty is provided in like cases under
the later Act.

It will be observed that the various rules as to consent of parents,

&c. , to tlie marriages of minors are regulations of procedure only.

The absence of the necessary consent is not a disability invali-

dating a marriage actually solemnized.

The Act 26 Geo. II. c. 33, commonly known as Lord Hardwicke's
Act, which forbids the solemnization of maiTiage without banus
or licence, also enacts that "in no case whatsoever shall any suit or

proceeding be had in any ecclesiastical court in order to compel a
celebration in facie ccdcaiso, by reason of any coutr,act of matrimony
whatsoever whether per ixy-ba dr. prcseiiii or per verba dc fatitro.^'

Blackstone observes that preTious to this Act " auy contract made
per verba de presenti, or iu words of the present tense, and m case of

cohabitation pc/' verba, de/iduro also, was deemed valid marriage to

many purposes; and the parties might be comiwUed in the spiritual

courts to celebrate it in facie ecdesise." In his celebrated judgment
in the case of D.a!rjTnple i'. Dalrymple, which turned on the effect

of promises exchanged between the parties in Scotland, Lord Stowell
laid it down "as the basis of the canon law, the known basis of

the matrimonial law of Europe," that " in the irregular marriage,

t.e. , sponsalia per verba de presenti, everything was presumed to be

complete and consummated in substance but not in ceremony; and
the ceremony was enjoined to be undergone as a matter of order.

In the sponsalia defuturo nothing was presumed to be complete or

consummated either iu substance or in ceremony, but if the parties

who had exchanged the promise had carnal intercourse with each
other the effect was to convert the engagement into an irregular

marriage." On the other hand, in the case of the Queeu v. Hdillis ia
the House of Lords on appeal from the Irish Queen's Bench, tiie

position of Lord Stowell was strongly criticized. Lord Lyndhurst's
conclusion was that, "although a marriage contracted ;;i;r verba de
prese-nti was indissoluble, though it could not be released even by
the mutual consent of the parties, though either of them might en-
force it and compel solemnization, though it had the effect of ren-
dering voidable a subsequeut marriage solemnized in facie ecelesise,

even after the cohabitation and birth of children, though it was
considered to be of the essence and substance of matrimony—yet by
the law of England it did not confer those rights of property or the

more important right of legitimacy consequent on a marriage duly
solemnized according to the rites of the ciiurch. " The lords were
equally divided in their decision, aud the question has since been
agitated not so much with reference to England, where after the
Act of Geo. II. it had a merely hiaiorical interest, as to the colonics

and the United States (see below), where the common law of Eng-
land prevails unless changed by legislation. Dr Lushington in the
case of a marriage in New South Wales declared that, when there
has been a " fact of consent between two parties to become man and
wife," such is " suiBcient niarri.agc to enable me to pronounce when
necessary a decree of separation." In the case* noticed the promises
had been exchanged before ministers of religion not technically
"in holy orders," and thequestiou has accordingly sometimes bceu
put in the form whether, according to the common law, the inter-

vention of a "'crgyman was necessary to a valid marriage.
Royal Mar* lages in England have been subject to special laws.

The HoyaL Maniago Act of 1772 (12 Geo. 111. c. II), riasscd in

coQsequenCS of the marriages of the dukes of Cumberland and
GlouccstflT', enacted that " no descendant of his late majesty George
11. (otUev than the issue of princesses married or who may marry
into foreign f.amilies) shall bo capable of contracting matrimony
withOT.t the previous consent of his majesty, his heirs and suc-

ccssois, signified under the gieat seal. But in case any descendaut
of George II., being above tviiMily-five years old, ^luU persist to

contract a marriage disapproved of by his majesty, suclnUisccudant,
after giving twelve mouths' uoticc to the jjrivy council, may con-

tract such marriage, and the same may be dnly solemnized without
the consent of his majesty, ic, and shall be good except botl%
Houses of rarliament shall declare their disappiob.ition thereto."

Scotland.—The chief point of distinction, as compared
with English law, is the recognition of irregular marriages
ahove noticed. (1) "A public or regular marriage," says
Fraser, " is one celebrated, after due proclamation of banne,
by a minister of religion ; and it may be celebrated either
in a church or in a private house, and on any day of the
week at any hour of the day." The ministers of the national
church at first alone could perform the ceremony ; but the
privilege was extended to Episcopalians by IQ Anne c. 7,
uud to other ministers by 4 i 5 Will. lY. c. 28. (2) A
marriage may also " be constituted by declarations made
by the mau aud the woman that they presently do take
each other for husband aud wife." These declarations
" may be emitted on any day at any time and without the
presence of witnesses," and either by writing or orally or
by signs, and iu any form which is clearly expressive of

iutention. Such a marriage is as eflfectual to all intents
aud purposes as a public marriage. The children of it

would be legitimate ; and the parties to it would have all

the rights in the property of each other, given by the law
of Scotland to husband and wife. (3) A promise followed
by copula does not, according to Fraser, constitute marriage,
unless followed either by solemnization in facie eccUsix
or declarator. On the other hand, in Lorimer's Handbook
it is urged that the promise and copula are mere tokens
of consent recognized by the law, and that " the date of
the marriage is the date of the copula." However this

may be, Lord Jloncreiff's opinion in the case of Brown i.

Burns is admitted on both sides to be good law, viz., that
declarator is essential to the constitution of a marriage
of this kind, so that, if no such declarator be brought in
the lifetime of both parties, the marriage can never L-s

established afterwards. The copula is presumed to have
reference to the promise, but evidence may be adduced M
show that such was not the case.

By 19 i 20 Vict. c. 96, it is enacted that no irregv.''.'r

marriage shall be valid iu Scotland, unless one of tL?
parties has lived in Scotland for the twenty-one days nest
preceding the marriage, or has his or her usual residence
there at the time.

" Habit and repute " has sometimes been spoken of as
constituting marriage in the law of Scotland, but it is

more correctly described as evidence from which marriage
may be inferred. The repute must be the general, constant,
and unvarying belief of friends and neighbours, not merely
the controverted opinion of a section of them. The co-

habitation must be in Scotland, but in one case proof of
cohabitation in another country was allowed, es tending
to throw light on the nature of the cohabitation in Scot-
laud.

The consent of parents is not necessary to the validity

of the marriage, even of minors, but marriage under the
age of puberty with or without such consent is void.

United States.—The absence of ecclesiastical courts has
suggested difTiculties as to the extent to which the law
of' England on this subject continued to prevail after

the revolution. Bishop holds it to be the tiniversal fact

running through all the cases that everywhere in the
country the English decisions on marriage and divorce are
referred to with the same apparent deference which is

shown on other subjects to the decisions ef the English
common law and equity tribunals. The same author
observes that "all our marriage and divorce laws, and of
course all our statutes on the subject, in so far as thej
pertain to localities embraced within the limits of particular
States, are Slate laws and State statutes, the national
power with lus not havic^ Ifcjjislative or judicial cognizanc*
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of the matter within tliose localities." Some of tlie States

have extended the ages below whicli marriage cannot take

place. The common law of the States is assumed to be

that "a contract per verba depresaiti, or;w rerba defiiliiro

aim copiila, constitntes a complete maiiiage." Conditions,

however, may be imposed by the various State legislatures,

and as to these the rule has established itself in American

jurisprudence that "a marriage good at common law is

good notwithstanding the existence of any statute on the

Bubject, unless the statute contains express words of.

nullity." Thus in Pennsylvania, where a statute provided

that all marriages "^should be solemnized before twelve

witnesses," marriages not so celebrated were nevertheless

held to be good. la New Hampshire justices and

ministers of the gospel are authorized to solemnize marriage,

and all other persons are forbidden to do so under

penalties
;
yet a marriage by consent, as at common law,

without justice or minister, has been held valid. On the

other hand, under a very similar statute in Massachusetts,

it was held that " parties could not solemnize their own
marriage," and that a marriage by mutual agreement, not

in accordance with the statute, was void. Bishop regards

this as en isolated exception to the general course of the

decisions. So when State legislation requires any particular

form to be used the want thereof only invalidates the act

if the statute expressly so enacts. Many of the State codes

inflict penalties on ministers or justices for celebrating the

marriage of minors without the consent of the parents or

guardians. The original law as to prohibited degrees has

been considerably modified in the States. The prohibition

lof marriage with a deceased wife's sister is said by Bishop

to be all but unknown in the United States, Virginia

apparently being the only one where it is still retained.

Some writers apply the term legislative marriages to cases

in which the State by enactment conflrms a marriage which

was void for some defect. Questions sometimes arise as to

whether such enactments are within the constitution of

the State.

T'ranw. —Articles 144-526 of the Code Kapoleon prescribe tlio

BBaliflcations and conditions of marriage. The man must be

ightcen and the woman fifteen years of age. A son under twentj--

five, and a daughter under twenty-one, cannot marry without

consent of the father and mother, or oC the father only if they

disagree, or of the surrivor if one be dead. If both are dead grand-

father and gi-andmotliev take their place. A man after t*cnty-five

and a woman after twenty-one are still bound formally to ask the

consent of their parents ; until the age of thirty and twenty-five

respectively this request must be repeated twice, and after the third

application parties are at liberty to marry -nithout such consent.

Even after the age of thirty, formal notice must be served on the

parents or grandparents one month before marriage. If neither

parents nor grandparents bo alive, parties under twenty-one require

the consent of the family council. These rules apply to natural

children when affiliated ;"those not affiliated require the consent of

a specially appointed guardian. Marriage is prohibited between

all ascendants and descendants in the direct line, and between

persons related by marriage in the same line, between brother and

bister, between uncle and niece, and brother-in-law and sister-in-

law.

Before the solemnization of marriage banns are required to bo

published on two distinct Sundays, coutaining the names, occupa-

tions, and domiciles of the parties and their parents. The

marriage cannot take placa until three -days after the second

publication, and if a year is allowed to elapse fresh b.inns must be

put up. On the day appointed by the parties, and in the parish

to which one of them belongs, the marriage is celebrated by the

civil officer or registrar reading over to them the various necessary

documents, with the chapter of the code relating to husband and

wife, receiving from each a declaration that they take each other

for husband and wife, and drawing up the act of maniage. All

this has to be done iu the presence of lour witnesses.

Marriages contracted abroad between French subjects or between

French subjects and foreigners are valid in Prance if celebrated

•ccording to the forms of the foreign law, provided the French con-

ditions as to banns and consent of parents have been observed.

Intcrnaliotial Law.—^n the "conflict of laws" on the subject of

barriagc, it lias been well settled that the lex loci governs. If the

marriage is valid by the law oT the country where it is celebrated ii

is recoKuizoU n« valid overywhoro ; if invalid there it is invalid

evciywiiere. "This rule," says Story, "has received the most
deliberate s.inclion of thc.Englisli and Amciicnu courts aud of foreign

jurists." The most prominent, if not the only known exceptions,

Story considers to be marriages (1) involving incest or polygamv, or

(2) forbidden by the public law of a country from motives of policy,

and (3) marriages celebrated in a foreign country under circum-

stances which impose on the parties the law of their own countiy.

Wcstlako (,P)-ivate International Law, chap, iv.) lays it down as in-

dispensable to the validity of a marriage that the lex loci should be

satisfied in respect of forms, consent of parents and guardians, and
capacity of the parties. The law of the parties' domicile should also

be satisfi'.'d as to capacity unless when it imposes incapacity of n

penal nature unknown to the lex loci. Story, in reference to the

lirst of the three exceptions alluded to above, attempted to set up a

clear and just moral dilference between marriages that arc incestuous

by the law of nature and those that are so by the municipal law of

particular States only, with more particular reference to consan-

guinity and afliuity. "It would be a stron" point to put tliat a

marriage perfectly valid between a man and tho sister of his former

deceased wife in New England would be held invalid in Virginia o'

Kugland, even though the parties formerly belonged to or were born

in the latter country or State. But, as to persons not so belonging,

it would be of the most dangerous consequence to suppose that the

courts of cither of them would assume the liberty to hold such

marriages a nullity merely because their own jurisprudence would

not in a local celebration of marriage therein uphold it." This

position has been expressly disavowed by the English courts. Iu

Brook i>. Brook it was held that an Englishman's marriage with liis

deceased wife's sister during a residence in Denmark where the union

is lawful is invalid in England. In Hyde v. Hyde in the Engluh

divorce court it was held that a marriage contracted in a country

where polygamy is lawful between a man and a woman who profeas

a faith which allows polygamy is not a marriage as understood in

Christendom ; and, although it was a valid marriage by the lex loci,

and at the time when it was contracted both the man and tho woman
were single and competent to contract marriage, the court will not

recognize it as a valid marriage in a matrimonial suit. 1(\\e

difl'erence iu the law of divorce in diflerent countries produces many
complications of this kind. It appears that a divorce of an English

marriage abroad for cause not recognized in England as grounU for

a divorce will be upheld in England if the parties were domiciled at

the time of the divorce in the foreign state ; otherwise not. Com-

pare also the French rule as to marriages of French subjects in

foreign countries. The too frequent consequence of these variances

is that the same persons are neld married in one country and

iinmaiTied in another, while their children are legitimate in one

country and illegitimate in another. There is no subject in relation

to which the establishment of a common code for all civilized nations

is more urgently required.

Besides true marriage, with which we have been exclusively

dealing hitherto, inferior forms of union have from time to time

been recognized, and may be briefly noticed here. These have all

but disappeared from modern society, depending as they do on matri-

monial restrictions now obsolete.

The institution of slavery is a fruitful source of this kind of

debased matrimony. In Roman law no slave could contract

marriage whether with another slave or a free person. Tho union

of male and female slaves (coonlubcrnium was recognized for various

purposes ; a free woman entering into a tiaion with a slave incurred

under the S.C. Claudianum the forfeiture of her own liberty ;
but

the bondwoman might be the concubine of a freeman. In the

United States, where slavery was said to bo regulated by the prin-

ciple of the civil law, the marriage of slaves was so far recognized

that on emancipation complete matrimony took efi"ect and the

children became legitimate without any new ceremony. Such at

least is the purport of the more recent decisions.

In Roman law no legal marriage could be contracted unless there

was cmmubiiim between the parties. Originally there was no con-

nubium between plebs and patricians, and the privilege was conceded

after a long struggle by the Lex Canuleia. In later times Latini

and Pcrcgiini were excluded from connubium except where the right

had been expressly conferred. The great matrimonial law of the

eariy empire (Lex Julia et Papia' Foppa;a) introduced restrictions

depending on the condition of the parties which later legisIUion

extended and perpetuated. Senators under that law were forbi'lden

to marry freedwomen or women of inferior rank, and the husband of

a freedwoman becoming a. senator was set free from his marriage.

In the canon law' new restrictions were developed. Persons who

' The restrictions are enumerated in the following lines :

—

Error, Conditio, Votvua, Cognatio, Crimen,

Cultus Disparitas, Vis, Ordo, Ligamen, Honcscas.

£tas, Affinis, si Clandestinus et Impos,

I
Kaptave sit mulier nee parti reddita tutae.
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Txinnd themselves not to marry worn deemed ineapablo nf marrjin!»
The order of tlio clergy were forbidden to marry And disparity of
faith was recognized by the early church ns a bar to matrimony,
t.y., between Cliristians and pagans, and between orthodox and
heretics (seo Didionarij of Christian Antiquities, art. " Marriage ").

CONXUDINAOE, which such restrictions tended to dcvclo'p, is

noticed under a separate heading {q.v.). It might bo described as
marriage which has no conscnuences, or only slight niid peculiar
consequences, in legal status. In the left-handed or " morganatic "

'

marriages of the German royal families we have the nearest approai h
ever made by concubinage to true marriage, the children being
legitimate, but ncitlier they nor the wife acquiring any right to the
rank or fortune of the husband. Under the Royal JIarriago Act in

England a union of this kind has no matrimonial eflcct whatever.
iJifferences Of religion are no longer regarded in Christian

countries as hindmnces to man iage, except possiUy in some branches

of the Greek Church. But the marriage of jiersons of dillerent

religions frennently rrtiuires the intervention of the law as to the

faith of the Children, more particularly in Kurope ns between Catho-

lics and Protestants. In some countries the clergy make it a con-

dition of such marriages that the children shall bo educated in tlio

Uatholic faith. English law gives the father an indefeasible right

to dictate the I'aith of liia children, no matter what engagements ho
may have entered into (see 1nk.\nt). Tlie practice on this point

varies in Europe—tho fiuestion being ignored in I'rcnch law, Ger-

many following in some parts the same rule as England, in others

giving elfect to ante-nuptial stipulations. In Ireland mixed
marriages (i.e., between Catholic and Protestant) were by 19 Geo.

II. c. 13 null and void if celebrated by a Catholic priest. This Act
is repealed by 33 k 34 Vift. c. 110, which permits mixed marriages

to be validly celebrated by an Episcopalian or Roman Catholic

clergyman, subject to conditions set forth in section 38. (E. R.

)

MAFvRYAT, Fkedekick (1792-1848), has never been

surpassed as a writer of talcs of nautical adventure. His

own life supplied him with abundant raw materials

for his art. The son of a wealthy London gentleman

(who sat in parliament for several years for the boroughs

of Horsham and Sandwich, and was a writer of verses and

political pamphlets), he distinguished himself as a boy by

frequently running away towards sea ; and at last, at the

age of fourteen, he was allowed to enter the navy. His

first service was under Lord Cochrane in the famous
" Impirieu.te," and no midshipman ever had a livelier

Bpprenticesliip to thosea. "The cruises of the 'Inipdrieuse'

were," he sr._rs, " periods of continual excitement, from the

hour in which she hove up her anchor till she dropped it

again in port , tho day that passed without a shot being

fired in anger was with us a blank day." During his two

and a half ywrs of service under the daring and active

Cochrane, the young midshipman witnessed more than fifty

engagements, many of them extremely brilliant, and had

experience of every description of service, fighting duels

with fairly matched ships of war, engaging gunboats,

frngaging batteries, storming forts, capturing and cutting

out merchantmen. Before the general peace of 1815 ho

had added considerably to this experience of active service,

and gained a wide knowledge of conditions of life on board

ship under variou> commanders. Ho frequently received

honourablo mention for his behaviour in action, and in

1818 he received tho medal of tho Humane Society for

"at least a dozen " gallant rescues. He commanded with

distinction in tho Burmese war of 1824-25. And
Marryat's honours were not confined to gallant exploits

;

be was the inventor of a code of signals, obtained some

celebrity as a caricaturist, and was elected an F.R.S.

Marryat brought ripe experience and unimpaired vivacity

to his work when he commenced novelist. His first pro-

duction was Frank J/ildmay, or the Naval Officer, published

' Said to be so called because tho wife's rights were limited to the

Morr/cngabc (donum matutinale). The coumion law in Germany per-

mits them to the royal houses and the higher nobility, and the law of

Prussia to tho lower nobility also. Inequality of condition (Uneben-
burtigkeit) is not necessary to a marriage of this kind, which may bo
made between persons of equal rank, e.g., with tho object of not pic-

JHilicing tho children of n, first marriage by allowing full rights to tho

offspring of a second. A woman of high rank may make a morganatic
alliance with a man of infi'rior por^ition,

.

in 1829, and his second, pub'isbod nine mouths later, Tlu

King's Own. " I think," Washington Irving wrote to him

soon after, "the chivalry of the ocean quite a new region

of fiction and romance, and to my taste one of the most

captivating that could be explored." This was the general

feeling. The freshness of the new field opened up to tho

imagination, bo full of vivid lights and shadows, light-

hearted fun, grinding hardsiiip, stirring adventure, heroic

action, warm friendships, bitter hatreds, was felt all the

more keenly from its contrast with the world of the his-

torical romancer and the fashionable novelist, to which tho

mind of the general reader was at that date given over.

The novels of the sea captain at once won public favour.

His first attempt was somewhat severely criticized from an

artistic point of view It was without form, though the

reverse of void ; he had packed into it matter enough for

half a dozen novels. Blarryat was accused also of gratify-

ing private grudges by introducing real personages too

thinly disguised. He admitted the justice of these

criticisms, and rapidly learnt the mechanical part of his

new business without losing any of the vivacious charm of

his style. T.'ie Kin(j's Otcn was a vast improvement, in

point of construction, upon Frank- Mi'dnia;/ ; and he went

on, through a quick succession of tales, A'ewton Forster,

Peter Simple, Jacob Faithful, The Pacha of Many Tales,

Japhet in Search of a Father, Mr Midshipman Fast/, The

Pirate and the Three Cutters, till he reached his high-

water mark of constructive skill in Snarley-yow, or the

Dog Fiend (1837). If he never surpassed this in story-

telling art, humorous portraiture, and richness of incident,

the records of circulating libraries and tho pencilled com-

ments of their subscribers show that his subsequent works

—he produced twenty-four in all during his twenty years

of authorship—were no less capable of riveting the atten-

tion, especially of youthful readers. The following is tho

list, with the dates of publication -.—The Phantom Ship

(1839), A Diary in America (1839), Olla Podrida (1840),

Poor Jack (1840), Masterman Heady 0841), Joseph

Rushhrook (1841), Percival A'eene (1842), Monsieur Violet

(1842), The Settlers in Canada (1843), The Privateer's

Man (1844), The Mission, or Scenes in Africa (1845), T/ie

Children of the iVeio Forest (1847), The Little Savage

(1847), and Valerie, not completed by Marryat (1849).

Captain Marryat retired from the naval service in 1830,

and thereafter worked as hard at literature as any profes-

sional man of letters, making special historical and geo-

graphical studies for several of the works in the above

list. Ho edited the Metropolitan Magazine for four years

(1832-3G). Marryat's novels were in tho first flush of

their success when Dickens was a youth, and they havo

an interest in the history of literature as forming an im-

portant link between Smollett and Fielding and the author

of Sketches hy Boz. He died in 1848. There is a

biography by his daughter, Florence Marryat

MARS was a Roman deity whose name has passed into

later literature as that of the war god. There grew in

Rome a tendency, fostered by Greek influence, to considei

Jupiter as tho one great god, and the other d'jities as repre-

senting special sides of his character. Mars then was iden-

tified with the Greek Ares ('/.i'.), and was regarded as almost

the same in nature with tho wai-like clement in Jupiter as

Feretrius and Triumphator. In the actual worship of the

Romans Mars bears a very different character, which,

however, had almost disappeared from the mind of the

people before Augustus built in the Forum his temple to

Mars Ultor, tue avenger of the murder of Julius Caesar.

Father Mars, Marspiter, JIaspiter, Mavors, or Maurs,

was the great god of one of the races that composed tho

Roman state. Ho is t!ie god of heaven, the giver of light,

the opener of tho new year ; ho hurls tho thunder and senda

XV - 72
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the raiD. In cases of drought the lapis manalis, which
was kept ia his temple on the Appian Way, was carried

through the city by the pontijices. The first month of the

old Roman year was the month of Mars, still called Jlarch.

On the first day the god had been born ; and on the same
day various annual ceremonies both political and religious

took place ; and the holy fire was renewed in the temple

of Vesta. When Mamurius Veturius, i.e., Jfars of the

Year (yetus, Greek feros), was beaten out of the city on

March 14, the intention was originally to symbolize the

driving away of the old year. The spear sacred to JIars was
in its original sense doubtless the lightning, and his sacred

shield was, like the aegis of Zeus and Athene, the storm

shield, i.e., the thundercloud. The Sabine words Mnrmar
and Mamers (akin to fiapfiaipai) are evidently names of the

hpaven-god. The wolf which was sacred to Mars may be

compared with the'wclves of Zeus Lycaios, and the horse,

the sacrifice of Jfars, is the horse of the 'sun, which the

Greeks also sacrificed to Helios.

As heaven-god and sender of rain. Mars is the giver of

fertility and increase. Hence in some of the oldest cults

he is the god of the "land, of agriculture, and of the flocks.

As ho was powerful to send fertility, so he could cause also

drought, sterility, anjl all evil ; and propitiatory ceremonies,

such as the Ambarvalia, were consecrated to him. The
Arval brothers invoked JIars to assist them and to avert

pestilence. In the Robigalia a sheep and a reddish dog
were sacrificed by the flamen of Mare to avert mildew from
the crops. The sacrifice of the " October horse " in the

Campus Martius, whose head the people of the Suburaand
the Sacra Via struggled for in order to hang it up in their

own precincts, had also a naturalistic and apotropaic

character. In times of calamity there was an old Italian

custom of dedicating to Mars a ver sacrum. Everything
born in this spring was the property of the god; the

animals were sacrificed, the young men when they grew
up were sent out of the country. Mars seems also to have

had some relation to the religious ceremony of marriage.

Along with Juno, the goddess of women and of childbirth,

he was worshipped by the Roman matrons on June 1 and
at the Matronalia on March 1. As god of the land ajd
givar of increase, Mars was also the god of death and the

doad ; he was one of the deities invoked by Decius when
devoting himself to death. He was likewise the giver of

oracles : like Zeus he revealed his will to men by certain

signs. His ancient oracle at Tiora Matiene near Cccre

resembled in character the oracle of Zeus at Dodona, in so

far as revelation took place by the medium of sacred birds

and trees. Woodpeckers were the sacred birds of Mars,

and the noise which they made tapping on the trees was
one of the simplest methods of revelation. Picus, the

woodpecker, was a name or form of Mars, and was ulti-

mately individualized as a local hero, an early king of
Latiuni, and son of the god. Faunas, the favouring deity,

son of Picus, is pre-eminently the god of prophecy ; he

also is closely related to the original Italian character of

JIars, wtich he retained far more truly than the great

Koman god.

Although the worship of Mars was known both in

Latiuin and in Etruria, it was probably of Sabine origin.

Quiriuus, an undoubtedly Sabine word, is merely a name
cf Mi.rs, which never acquired complete individuality ; the

fueling always remained alive in Rome that Jlars and
Quirinus were one, although they had separate priests. It

is in accordance with the Sabine character that the warlike

element should have been very strong in their conception

of deity ; and thus the Sabine Mars became in the Roman
pantheon the deity of war. Besides the ceremonies round

t'r.e altar of Jilars in the Campus Martius, the oldest cults

et the god in Rome are the Sabine worship of Quirinus on

the Quirinal and the Latin worship of the holy Spear ol

Mars in the temple of Vesta. There likewise grew at an'

early time a cultus of the god on the Palatine, said to

have been founded by Numa, and twelve Salti of the

Palatine existed alongside of the twelve Quirinal Salii.

The Palatine Salii performed one of the most remarkable

ceremonies in the Roman worship of JIars. For many
days, begiaaiug from March 1, they danced in armour
through certain jmrts of the city, clashing their lances on
their shields, and repeated the prescribed song. The
shields which they carried were the twelve sacred audita

preserved on the Palatine. One of these, it was said, fell

from heaven in the time of Numa, and tho king, in order

to preserve safely this pledge of victory for the state, had
eleven others exactly like it made by Mamurius Veturiu.s.

The song of the Salii, besides mentioning all the gods of

the city, referred to Mamurius, whose name is only a form

of Mamers.
Next to Jupiter, Mars was the chief protecting god of

the Roman state. Quirinus Mars was the father of the

twin-fonnders of the city, and his sacred wolf was the

emblem of the city and the foster-mother of the twins.

The Campus Martius outside the city was dedicated to the

god from a very early time ; there the young men practised

their warlike exercises; there the horse races, equina, In

honour of Mars (February 27) and the sacrifice of the

"October horse" took place. There also was held the

census every fifth year, followed by the purificatory cere-

monial for the whole city, which was dedicated to Mars.

When war broke out, the Roman general clashed the shield

and spear in the temple of Mars and invoked the god ; the

spoils of victory belonged to him after Jupiter Feretrius.

There was an ancient temple of Mars outside the Porta

Capena on the Appian Way ; and on the ides of July, in

commemoration of the battle of Lake Regillus, the knights

had a procession

" From Castor in the Fonim,
To Mare mthout the well.''

As the god of war, who marched with Lis people to

battle, Mars was Gradivus ; such at least was the later

explanation of an old religious name. Inuus Lupercus, tho

averter, to whom the Lupercalia was dedicated, was prob-

ably a local form of Mars ; his character as protector of

the Palatine city, and the warlike element in him, resemble

Mars (see Lupeecalla). Silvanus is also closely related

to the agricultural god Mars, who is sometimes called Mars
Silvanus. A goddess named Nerio or Neriene is sometimes

mentioned as wife of Mars. There was also a goddess

Bellona, whose name marks her strictly as the goddess of

war ; she is called the sister or daughter or wife of ilars.

Quirinus, on the Quirinal, had a festival called Quirinalia,

on the 17th of February.

See Preller, Miim. MtjOtol., and the otLer hooks on Eoman
religion ; Marquardt on religious antiquities; Unger, "Lupercalia,"
Rtuin. Mils., 1881; Jordan, Stadt Rom; Koscher, Apollo und
j\fars ; and on the Etruscan Mars, Muller, Elruskcr, ed. Dpeckc,

ii. 67 and 169.

MARSALA, a seaport on the west coast of Sici'y, m
the province of Trapani, 20 miles south of Trapani, to the

north of the river Marsala, with a station on the railway

between Trapani and Palermo. A flourishing and well-

built town, with wide paved streets, it possesses a castle, a

cathedral, a theatre, cavalry barracks (now occupied by
Government offices), an academy of science and literature,

and a public library. The Corinthian columnf. of the

cathedral were originally intended for the cathedral at

Canterbury, and owe their present destination to the

wreck of the vessel which was conveying them to England.

After the destruction of its harbour in tho latter part of

the 16th century as a precaution against its occupation by
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the Turkish pirates, the commercial importance of Marsala

reinainotl iii abeyance till the construction of the new port

to the soutli of the town. The sea-wall for this was begun

in 1818 ; but it was not till 1835-36 that the pier was

constructed. A great part of the surface of 44 acres con-

stituting the port is now silted up ; new works, however,

on an extensive scale, arc being undertaken. The wine

trade, which forms the staple, was commenced in the end

of the last century by Woodhouse & Co.; and the wines

first got into favour by being supplied to the English fleet

in 1802. They are for the most part white, and are usually

"fortified." Tiie number of seagoing vessels that entered

at Marsala in 18G3 was 149, with a burden of 9791 tons;

in 1880 there were 249 vesoels of 16,645 tons. From
31,350 in 1861 the population of the commune had in-

creased by 1881 to 40,251 ; that of the town was 14,105

in 1871, or, with the suburbs of Porta Garibaldi, Porta

Mazzara, and Porta Trapani, 17,666.

On the small island of San Pantaleone, about C miles north of

Marsala, lay tlio Carthaginian stronghold of Motya (Ital., Moiia)^
After the destruction of this settlement by Dionysius in 397 B.C.

the defeated party established a new colony on the neighbouring

promontory of Lilyba.-um. It was there that in 276 B.C. the

Carthaginians held out successfully against Pyrrhus, who liad

already driven them from the rest of Sicily ; and it was only after

a siege of ten years tliat in the first Punic War they were obliged

to surrender the fortress to the Romans. Under its new possessors

Lilybamm continued to flourish and became the residence of one of

the two qiuxstors of Sicily. It was still an important city under
the later empire, and when occupied first by the Goths and then by
the Vandals. The Arabs called it JlersA 'Aly, " port of 'Aly," and
Edrisi (12th century) describes it as a considerable town, which,

having been ruined, had been restored by Roger I. It was at Mar-
sala tliat Garibaldi began his Sicilian campaign in 1860.

MARSDEN, William (1754-1836), an eminent Ori-

ental scholar, was the son of a Dublin merchant,and was bom
in 1754. After studying at Trinity College, he obtained

an appointment in the civil service of the East India

Company, and set sail for Bencoolen, Sumatra, in 1771.

There he soon rose to the oDBco of principal secretary to the

Government, and was at the same time intent on acquiring

that intimacy with the Malay language, and that knowledge
of the country, which were afterwards the sources of his

literary reputation. Returning to England in 1779 with

a pension, he retired into literary seclusion, and in 1782
produced The History ofSumatra. Marsden was appointed

in 1795 second secretary and afterwards first secretary to

the admiralty. In 1807 he retired again into private life,

and, devoting himself to study, published in 1812 his

Grammar and Dictionary of the Malay Lanrpiaje, and in

1817 his translation of the Travels of Marco Polo. A
pension of ^1500, which ho had received on his retirement

from office, he voluntarily resigned in 1831 for the behoof
of the public. In 1834 he presented his rich collection of

Oriental coins to the British Museum, and his library of

books and Oriental MSS. to King's College, London. He
died of apoplexy in October 1836.

Marsdcn's other works are

—

Niimismata Oricntaiia, London,
1823-25; Calnlogtic nf Dictionaries, Vocal)itlarics, Grammars, and
Alplmbels, 1796 ; and several papers on Eastern topics in the
I'hilosophical Transacliom and tlio Archeeologia. His namo will

also bo remembered in connexion with African philologj-, as he had
—the first in England, and, it would appear, independently of

I.ichtcnstoin and Vater—drawn attention to the affinity of. the
Congo and Mozambiquo languages with those spoken by the KalTre

race. See Tuckey's Narrative ^ an Expedition to explore the Riixr
Zaire, London, 1818, p. 386 sq.

MARSEILLES (Fr. Marseille), the third largest city of

Jrjknce, and the chief commercial port of the Mediter-

ranean, iu 43° 17' N. lat. and 5° 22' E. long., is the chief

town of the department of Bouches du Rhone, headquarters
of the 15 th army corps, the scat of a bishop, aud of numerous

' The ruins of Motya were excavated by ScUliemauu iu 1876. See
Academy, March 1876, p. 288.

commercial and scientific institnlions."^ The population

(1881) is 360,099.

The old harbour of Marseilles opens on the west to ine

Gulf of Lyons; and the famous Rue de la Cannebifere,

leading east-north-east from the inner end of the harbour,

and continued by the Rue de Noailles, the Allees de

Meilhan, and the Boulevard de Longchamps, to the Palais

des Arts, forms the first main artery of the town. A
second great arterj', at right angles to the first, connects

the Aix gate and its triumphal arch with the grand

Promenade du Prado, by the Conrs Belsunce and the Rue

de Rome. North of the old harbour, between the Aix

gate and the sea, lies the old town of JIarseilles. The

finest streets, the Rue St Ferreol, the Rue Paradis, and the

Rue de Breteuii, arc to the south of the Rue Cannebifere,

Pi^ of Marseilles,

running parallel with the Rue de Rome, Detween it and
the foot of the hill upon which is Notre Dame de la Garde.

From La Cannebierc to La Joliette, the centre of the new
docks, runs the broad Rue do la RiSpublique, lined with

fine buildings, and opening a line through the oldest part

of the town. The entrance to the old harbour is defended

by Fort St Jean on the north and Fort St Nicolas on the

south. Behind the latter is the Anse (Creek) de la Keserva.

Beyond this again, situated in succession along the shore,

come the old imperial palace, the Anse du Pharo, the

military orcrcising ground, aud the Anse des Catalans.

The DOW parts of the town extend in this direction to the

Vallon d'Endoume behind Fort St Nicolas. To the old

harbour, wliich covered only 70 acres, the basin of La
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Jolietto (55 acres) was adtled in 1853. Communicating
with tho old liarbour by a channel which passes behind
Fort St Jean, this dock opens on the south into the outer

harbour, opposite the palace and tho Anse du Pharo

;

it is separated from the roadstead on the west by a simple

jetty. A series of similar basins have since been added
along the shore to the north, viz., the Lazaret or " Bassin

des Docks" (37 acres), tliat of Arenj (59 acres), the
" Bassin National," twice as large as the preceding, and
the graving dock of 20 acres; a fine revolving bridge,

worked by steam, separates the graving dock from the rest.

Farther out. the Chlteau d'lf and the islets of Pomfegus

and Ratonueau, where vessels formerly did quarantine,

have 45 acres of harbour ac ommodation. The port of

Mirseilles has in all an area of 422 acres, but there are

only 4 J miles of quays, an amount . of accommodation

quite inadequate for the enormous traffic, now amount-

ing to more than 3,400,000 tons. Protected on the east

by Cape Croisette, and on the west by Cape Couronne, the

roadstead of Marseilles and its approaches are lighted by
six lighthouses, of which the most distant (130 feet higb)

is 8 miles south-west of the town, on the Planier rock.

The docks along the Lazaret basin cover an area of 45

acres, and the company to which they belong also holds

a large area of ground for their enlargement, and has ex-

clusive rights over li to 2 miles of quays. The ware-

houses occupy 27 acres of floor space on their several

stories, and the 200,000 tons of goods for which they

afford storage are easily manipulated by powerful hydraulic

machinery wrought by steam. From the harbour station

at the docks tha railway is carried up to the principal

station, " Gare St Charles," which commands the town.

The Toulon line goes round the zoological gardens, and the

whole upper part of Marseilles, and sends a branch to the

Prado station. There is a fourth station to the south of

the old harbour near the custom-house, and at the foot of

the steps of St Victor ; it is proposed to join it by a tunnel

to the Marseille-Prado station. Tho large steam vessels for

trading with Algiers, the Levant, and the further East lie

ia La Joliette, but the old harbour still displays the ancient

characteristics of Marseilles, The old-fashioned Mediter-

ranean traders with their lateen sails are crowded together

in the Rive Neuve Canal to the south, while the sailing

vessels of heavy tonnage are moored to the quay by their

sterns. At the end of the old harbour opens out La
Caunebiere, so called from former rope-walks, of which it

occupies the site ; it is now the liveliest part of the town,

where the principal cafes, shops, hotels, naval and com-

mfircial agencies, as well as the Bourse, are found.

Despite its antiquity, Marseilles has no ancient monu-
ments. The old cathedral, which superseded a temple of

Diana, itself preceded, it is said, by an altar of Baal, has

given place to a modern structure, of which the exterior

only is completely finished. It is a Byzantine basilica, in

the form of a Latin cross, 460 feet long, built in grey

Florentine stone blended with white stone from the neigh-

bourhood of Aries. Near the cathedral stands the bishop's

palace. The cathedral is situated at tho entrance of the

harbours, but a more distant church has superior attrac-

tions for the sailors,—the celebrated Notre Dame de la

Garde, the steeple of which, surmounted by a gilded

statue of the Virgin, 30 feet in height rises 150 feet above

the summit of the hill on which it stands, commanding
a view of the whole port and town, as well as of the sur-

rounding mountains and the neighbouring sea. The pre-

sent chapel of Notre Dame de la Garde occupies the site of

one built in 1214. Like the new cathedral it is in the

Byzantine style, and constructed of the richest materials.

Descending from Notre Dame by steps, with shops on
both sides containing objects of devotion, such as medals

and chaplcts, and passing the Promenade Pierre Puget.'

which affords another fine view of the sea, we reach the

church of St Victor, close by Fort St Nicolas. Originally an
abbey founded about 410 by St Cassian, it was afterwards
destroyed by the Saracens, but rebuilt in the 1 1 th century

;

destroyed a second time, it was finally restored by Pope
Urban V., a former abbot, who surrounded it in 1350 with
high square crenellated towers. Tradition relates that St
Lazarus inhabited the catacombs under St Victor ; and the

black Virgin, still preserved there, is popularly attributed to

St Luke. The spire of the ancient church des Accoules
marks the centre of Old Marseilles. At its foot are a
" Calvary " and a curious chapel of modern construction

in rock work. Notre Dame du Mont Carmel, also in the

old Cown, occupies the place of what was the citadel of tho

Massaliots when they were besieged by Julius Ciesar. The
new Hotel de la Prefecture, at the end of the Rue St Ferrdol,

the Palais de Justice, and the Bourse, are all buildings of

the last twenty years. The first is a palatial edifice 300 feet

long and 2G0 wide, adorned with statues and bas reliefs ; it

has a fine staircase and largo reception rooms, decorated with

paintings. Before the Palais de Justice stands a statue

of Berryer. The pediment and peristyle are decorated with

bas reliefs by Guillaume. The outer ball is surrounded
by beautiful pillars of red marble. The Bourse has in the

vestibule a bas relief representing Marseilles receiving the

productions of all parts of the world, and allegorical

statues of Marseilles and France. The hall is larger

than even that of the Bourse at Paris. The hall of the

Chamber of Commerce, at whose- cost the whole edifice

was built, is remarkable for the magnificence of its mural

paintings and gildings. The Hotel de Ville, an old and
unimportant building, stands on the quay to the north of

the old harbour. The Palais des Arts de Longchamps,

completed in 1870, is a work of consummate taste; it is

built at the terminus of the Canal de Marseille, that

great work which has metamorphosed the town and its

surroundings by bringing into it the waters of the Durance.

This canal, which leaves the river opposite Pertuis, has a

length of 94 miles, of which more than 15 are underground.

It crosses the valley of the Arc, between Aix and Eoguac,

by the magnificent aqueduct of Roquefavour, comparable

with the noblest works of ancient or modern times. The
canal then purifies its waters, charged with ooze, in tho

basins of E^altort, sets in motion seventy-two mills, which

it supplies with upwards of 1200 horse-power, carrying

about 200 cubic feet of water per second to the district of

Marseilles. Right and left of the Chateau d'Eau, which

occupies tho centre of the Palais de Longchamps, and is

1 28 feet in height, are the picture gallery, a fine collection

of ancient and modern works, and the natural history

museum, remarkable for its conchological department and

the interesting collection of ammonites. Behind are exten-

sive zoological gardens, with the astronomical observatory,

one of the most important in France. Tho museum of an-

tiquities is established in the Palais Borely, in a fine park,

recently purchased by the town, at the end of the Prado,

and approached by the two finest promenades of the city.

It includes a Phcenician collection (containing the remains

that support the hypothesis of the Phoenician origin of

Marseilles), an Egyptian collection, numerous Greek, Latin,

and Christian inscriptions in stone, &c. A building within

the city, recently finished, 177 feet by 64, with an impos-

ing fai^ade, contains the school of art and a valuable

library. The triumphal arch of Aix, originally dedicated

to the victors of the Trocadero, was in 1830 appropriated

to the conquests of the empire.

Marseilles contains large hospitals. The H6tel Dieu in the old

to%vn was founded in 1188, and rebuilt in 1593 ; it has 450 beds.

The Hospice do la Charite, ia the same neighbourhood, acoommo-^
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dates 600 patients, while nt tlie o]nv)sitc extremity of tlic town,
near the Prado station, are tlie niojera H6[iital do la Conception
(with 800 beds), the military hospital, and the lunatic asylum.
The scientific institutions of the town arc also numerous, includ-

ing a faculty of science, an astronomical observatory, a preparatory

school of medicine and pharmacy, a musical conservatoire, a school
of art, a lyceum, and many private institutions. The principal

learned societies are the academy of science, letters, and art, the

medical as^ciation, and the geographical, statistical, agricultural,

and horticultural societies.

The mean temperature of Marseilles is 58° Fahr. ; frost is rare, .ind

snow almost unknown. The heat of summer is tempered during
the day by the cooling sea breeze. The most disagreeable wind
is the mistral, a violent and cold north-west wind, which blows on
an average one hundred and thirty-eight times a year, but has at

least the advantage of restoring salubrity to the frequently un-
healthy shores of the Mediterranean. The sirocco, a south-east

wind, blows some sLxty times a year ; though hot and parching
ij summof, it softens the winter climate. The cast-south-east

wind is cold and damp, and brings rain. The Canal de Iq, Durance
has greatly modified the climate of Marseilles and its neighbour-
hood, for by restoring vegetation it has increased the fogs and
rains ; there is now an annual rainfall of nearly 24 inches.

JIarscilles is at once the largest commercial port of France and a
manufacturing town, working up the raw materials brought in by
sea from every part of the world. The leading industry is that of

«oap-making, which occupies sixty factories with 1200 artis.ans,

and annually produces 65,000 tons, valued at £2,000,000 sterling.

With this manufacture are connected oil and chemical works ; in

the former, which employ 2000 to 2500 workmen, 55,000 tons of

ditferent oils are produced yearly. The chemical works comprise

a dozen mills, manufacturing chiefly the salts of soda and concen-

trated acids. Two thousand operatives are there employed, and
the value of their annual production is estimated at £320,000.
There are also three sugar-refineries, producing 65,000 tons of

loaf-sugar, of which more than half is re-exported. Sulphur
from Sicily too is refined and converted into sticks or flowers of

fiidphur, to the value of £80,000. Petroleum refining occupies

iOO workmen. Metallurgy is another great industry ; a large

quantity of ore, imported from Elba, Spain, and Algeria,

is smelted in the blast furnaces of St Louis in the suburbs.

The Mediterranean iron-works and yards, together with other

private companies, have large workshops for the construction or

repair of marine steam-engines and every branch of iron shipbuild-

ing, employing several thousand workmen. Marseilles is a great

centre for the extraction of silver from lead ore ; 16,000 tons of

lead and 25 tons of fine silver are separated annually. There are

64 flour-mills with 300 sets of stones, and 100 factories prepare

semolina and other cereal pastes, while 34 tanyards dress 500,000

sheep skins and 335,000 goat skins. To this list of industries

must be added the manufactories of matches, candles, and wax-
lights, with brass foundries, glass-works, and manufactures of cural,

and of Oriental hosiery.

The port of Marseilles is the centre of numerous lines of steamers.

The French company of mail steam packets (Mcssagerics MaritiAcs)
despatch their boats regularly to Italy, Egypt, Keunion, India,

China, and the far East, as well as to Greece, Turkey, the Black Sea,

Smyrna, and Syria. The Transatlantic Company runs its vessels

to Algiers, Tunis, Malta, and the coast of Italy, and has also a

regular line between Marseilles and New York. Many private com-
jianies have services to Corsica, Algiers, the coast of Languedoc
and of Spain, and the Italian Riviera. Other lines connect
Marseilles with Brazil and La Plata, Havre, and London.
Landward there are two lines of railway to Aix, and a third to

Toulon. A navigiible canal is greatly needed to connect the port

directly with the Rhone, in order to avoid the diflicultics of egress

from the river and to make Marseilles the natural outlet of

the rich Rhone basin. The countries with which the greatest traflio

is maintained are Algeria, Spain, Italy, Turkey, and the Russian
ports on tho Black Sea ; next in order come England, Austria,

the western coast of Africa, Reunion, the Cape, British India,

Brazil, tho Antilles, China, and Senegambia. From the Black Sea,

Turkey, and Algeria come the cereals which form the chief imports
in point of bulk ; from Italy, Spain, the Levant, China, and Japan
the silk, which is tho import of greatest value (£4,000,000 yearly).

Then follow ores and metals, iron, cast iron, lead, and copper; also

wood, raw material for oil manufacture, raw sugar, cattle, wool and
cotton, rice, and various dry vegetable foods, petroleum, cocoa,

gums, pepper, and other spices, wines ond brandies, coal, skins,

cod-fish, cheese, and sponges. Tlio principal exports in respect of

value are silk, woollen, and cotton fabiics, refined sugars, wines
and spirits ; those of greatest bulk are cereals in tho form of grain
or flour, coal, building materials, oil-cakes, iron and other manu-
factures in metal, wines and spirits, oils, gloss and crystal, lead,

and coffee.

Of tho seagoing tonnage, one-third is under tho French flog, but
the coasting trade, carried ou by French sailors alone, is almost

half as large as tho ocean trade. The shipowners of the port pos-
sess almost seven hundred vessels, without counting the hundreds of
fishing boats which ply along the coast.

History.—The Greek colony of JIassalia (in Latin, Massilia) was
founded by the enterprising mariners of Phocasa in Asia Minor,
about 600 B.C. The settlement of the Greeks in waters which tho
Carthaginians jealously reserved for their own commerce was not
elfccted without a naval conflict; it is, indeed, not improbable that
the Phoeniciims were settled at ilarseilles before the Greek period,

and that the very name of the town is the Phcenician >\Q, "settle-

ment." 'Whether the judges (D*t2Et^', "suffetes") of the Phcenician
sacrificial tablet of Marseilles were the rulers of a city older than
the advent of the Phcenicians, or were a sort of consuls for Punic
residents in tlio Greek period, is disputed. The fall of the Ionic

cities before the Persians probably sent new settlers to the Ligurian
coast and cut off the remote city of Massalia from close connexion
with the mother country. Isolated amidst alien populations, the
Massaliots made their way by great prudence in dealing with the
inland tribes, by the vigilant administration of their oligarchical

government, and by frugality and temperance united to remarkable
commercial and naval enterprise. Their colonies spread east and
west along the coast from Monaco to Cape St Martin in Spain, carry-

ing with them the worship of Artemis ; the inland trade, in which
wine was an important element, can be traced by finds of l^Iassalian

coins right across Gaul and through the Alps as far as Tyrol. The
Massaliot Pytheas (330-320 B.C.) passed the pillars of Hercules and
visited the coasts of Gaul, Britain, and Germany. The great rival

of Massalian trade was Carthage, and in the Punic ware the city

took the side of Rome, and was rewarded by Roman assistance in

the subjugation of the native tribes of the Ligurian mountains. In
the war of C'ssar and Pompey the aristocratic town took the side

of the latter, and made a courageous but vain resistance to Csesar.

In memory of its ancient services the city, *' without which," as

Cicero s,ays, " Rome had never triumphed over the Transalpine

nations," was still left as a civilas libera, but her power was broKen
and most of her dependencies taken from her. From this time
Massalia has little place in Roman history ; it became for a time
an important school of letters and medicine, but its commercial
and intellectual importance gradually declined into insignificance.

The town appears to have been Christianized before the end
of the 3d century, and its reputation partly revived through
the names of Gennadius and Cassian, which give it prominence in

the history of Semi-Pelagianisra and the foundation of Western
monachism.

After the ravages of successive streams of invaders, Marseilles was
repeopled in the 10th century under the protection of its viscounts.

In 1112 the town bought up their rights, and was formed into a

republic, governed by a psdestat, who was appointed for life, and
exerciseu his office in conjunction with 3 notables, and a munici-
pal council, composed of 80 citizens, 3 clerics, and 6 principal

tradesmen. During the rest of the Middle Ages, however, the

higher town was governed by the bishop, and had its harbour at

the creek of La Joliette. The southern suburb was governed by
the abbot of St Victor, and owned the Port des Catalans. Situated

between the two, the lower town, the republic, retained the old

harbour, and was the most powerful of the three divisions. The
period of the crusades brought great prosperity to Marseilles. The
activity of its shipbuilding, the magnitude of its fleet, the import-

ance of its commerce and manufactures, all increased at once. The
count of Provence, Raymond Bercngo'-, Charles of Anjou, and after-

wards Alphonso of Aragoix successively attempted to make them-
selves masters of the town ; it suffered at different times from
incendiarism, pillage, and massacre during tho 13th and 14th cen-

duries, and iu tho beginning of the 15th. King Rene, who had
made it his winter residence, however, caused trade, arts, and manu-
factures again to flourish. Under Francis I., the disaffected con-

stable de Bourbon vainly besieged the town with tho imperial

forces in 1524. During the wars of religion, Marseilles took an
active part against tho Protestants, and long refused to acknowledge
Henry IV. The loss of the ancient liberties of the town brought

on new disturbances under tho Fronde, which Louis XIV. came in

person to suppress. Ho took the town by storm, and had Fort St

Nicolas constructed. Marseilles repeatedly suffered from the plague,

and an epidemic raged from May 1720 to May 1721 with a severity

for which it is almost impossible to find a parallel ; Bishop Belsunce,

Chevalier Rose, and others immortalized themselves by their courage

and devotion.

During tho Revolution the people rose against the aristocracy,

who up to that time had governed the commune. In the Terror
they rebelled against the convention, but were promptly subdued by
General Carteaux. The wars of tho empire, by dealing a severt

blow to their maritime commerce, excited the hatred of the inhabit-

ants against Napoleon, who accordingly hailed with cnthusiasni

tho return of tho Bourbons and tho defeat of Waterloo. The news
of the latter provoked a bloody reaction in tho town against those

suspected of imperhalism. Since 1815 tho prosperity of tho city
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lias rpceircil n consiilcmlile impulse from hi' conquest of Algeria
iinil the o|ieaii)g of tlie Suez Canal. Tlie completion of tlic canal of
the DuraiK-e h-is covered witii verdure the formerly arid country
surruuniliug the town, and tbc openings made in the old part of
Marseilles have iniprorcd its sanitary condition. (G. JIE.)

M.\RSH, Georoe Perkins, LL.D. (1801-1882),
American diplomatist and philologist, was bom at ^Yood-

Btock, Vermont, ilarcli 17, 1801, graduated at Dartmouth
College in 1820, and practised law at Burlington, Vermont,
devoting himself also with ardour to philological studies.

In 1S35 he was elected to the State legislature, and in

18-12 he became a member of Congress. In 1849 he was
appointed United States minister to Turkey, and in 1852
discharged also a.sjjecial mission to Greece, returning to

Vermont in 1853. In 18G1 he became United States

minister to Italy, and died in that office at Vallombrosa,

July 24, 1882.
His chief published works are a CrnnjKndiaUs Gframmar of the

Old IiTarl/iern or Icelandic Lart'iuage, 1838, conapiled and translated
from the gi-ammar of Rask ; TIk Caviel, his Organizatimi , Habits,

and Uses, 1856 ; Lectures on the English Lnngfxiage, 1861 ; J'he

Origin and History of the English Langtiagc, 1862 ; J/an and
Nature, 18C4. The last-named work, largely reimtten, was issued

under the title The Earth as Modified by Human Action, in 1874.

3IARSHAL (from Old High German marak, horse, and
scale, caretaker), in its original signification a servant of

the royal manege, was afterwards a title given in

different countries to the holder of various high oflices,

military and civil. In the time of Philip Augustus the

commander of the French forces was called the marshal of

France. Under Francis I. the marshals of France became
two in number, under Henry III. four, and in the time of

Louis XIV. their number was raised to twenty.- In
England the marshal was a high officer of state as far back
as the 12th century. In the end of the 12th and first half

of the 13th century the ofiice was conferred on the earls

of Pembroke, from whom it passed by female descent to

the family of Bigod, earl of Norfolk. The. dignity of earl-

marshal was afterwards held successively by the Mowbrays,

dukes of Norfolk, the Howards, dukes of Norfolk, and the

earlsof Arundel and Norwich. Under a grant by Charles II.

to Henry Howard, earl of Norwich, it has descended to

and continues in the line of the existing dukes of Norfolk.

The mars"hal was in feudal times (in conjunction with the

constable, a still higher officer) the judge in the court of

chivalry, which had cognizance of questions of honour and
dignity ; and,_when the king headed his army in person, it

was the marshal who selected the proper spot for the

encampment of each noble. The constable's powers and
duties were superseded in the reign of Henry VIII. ; but

the earl-marshal is still the head of the Heralds' College,

and appoints the officers of arms. In Scotland (an

orthography resembling the French mar^chal being adopted)

the office of marischal, probably introduced under David L,

became from the 14th century hereditary in the family of

Keitk The Scottish marischal became an earl under the

designation of " earl-marisclial" in 1 458. Marischal College

in Aljerdeen was founded and endowed by the munificence

of George, 5th earl-marischal. The dignity came to an

end by the attainder of George, 10th earl-marischal, in

1716. The military title of field-marshal was at first

borrowed by the Germans from the French marecJuil de

champs; and in the Thirty Years' War it meant much
what quartermaster-general does now. It was not till last

certury that the word rose in dignity so as to signify the

highest military dignity except that of commander-in-chief.

It was adopted into the British military system from

Germany,—the first field-marshals being John,, duke of

Argyll, and George, earl of Orkney, made so by George IL
in 1735.

MARSmUiL, JoH.v (1755-1835), chief justice of the

United States, was born in Fauquier county, Virginia, on

September 24, 17."i"). As lieutenant and captain lie served
in the revolutionary army from 1775 to 1780. In IVol
he began the practice of the law, and two years later

removed to Richmond. At various times from 1782 to

1798 he was elected a member of the Virginia legislature,

in 1788 a member of the Virginia convention for the rati-

fication of the constitution; in 1797 he was cnvoy-extii-

ordinary to France, and in 1799 a member of Congress;
in 1800 he became secretary of state ; and on January SI,

1801, he was appointed to the chief justiceship, which
position lie held until his death on the 6th of July 1835.
Jfarshall as a lawyer soon rose to the first rank at the
Virginia bar, and acquired also a national reputation. In
the Virginia convention of 178S his influence was second
only to that of Madison in securing the adoption of the

constitution. But, unlike Madison, he continued, under
the constitution, to support the administration of Washing-
ton and Federalist measures in general. It was as chief

justice of the .supreme court of the United States, however,
that M^irshaU won lasting fame. His reports, filling about
thirty volumes, form a work which time will only render

more valued. In the expounding of public law, whether
international or State law, his talents found their freest

scope. In these departments of jurisprudence general prin-

ciples rather than authority must be sought by the judge,

and in their application Marshall has had no equal upon
the American bench. It is tlie peculiar" function of the

supreme court of the United States to interpret the consti-

tution and to guard it from the encroachments of both

national and State legislation. To this duty Marshall

brought his great and just powers of reasoning, as well as

those broad views of government which, during the thirty-

four years of his judicial career, gave to the constitution

the liberal powers which were necessary to its durability.

" The constitution," says Judge Story, " since its adoption,

owes more to him than to any other single mind for its

true interpretation and vindication." See biography by
Henry Flanders in his Lives of the Chief Justices, voL iL

SLiRSHALL ISLANDS. See Micronesia.

MAFlSHALLTOWN, the county seat of Marshall

County, Iowa, United States, is situated on the Iowa
river at the junction of several railways, and in the midst

of a grain and stock producing region. Among its numer-
ous industries are sugar-refining, waggon -making, and the

manufacture of barbed steel wire for fencing purposes.

The population was 3218 in 1870 and 6240 in 1880, and
has since increased rapidly.

JIARSHMAN, Joshua (1', 58-1837), a Baptist mis-

sionary and Oriental scholar, was born on April 20, 1768,
at Westbury Leigh, in >Viltshire, where he received a

somewhat defective school education, and afterwards

followed the occupation of a weaver until 1794, when he
removed to Bristol to take charge of a small school there.

Jleanwhile he had been diligent in the cultivation of his

talents, which were naturally good ; and he was already a
man of considerable acquirements when in 1799 he was
sent by the Baptist Missionary Society to join their estab-

lishment at Serampore. Here, in addition to the discharge

of his more special duties, he engaged with success in the

study of Bengali and Sanskrit, and afterwards of Chinese,

and accomplished numerous literary tasks, the more im-

portant of which are mentioned below. He received the

degree of D.D. from Brown University, U.S.A., in 1811.

His death took place at Serampore on December 5, 1837.

Dr Marshman translated into Chinese the book of Genesis, the
Gospels, and the Epistles of Panl to the Romans and t^e Corinthians

;

in 1811 he published The IVorks of Cotfucius, containing the

Original Text, with a Translation, and in 1814 his Clavis Sini4Xi.

He was also the author of Elements of Chinese Grammar, vUh Pre-

liminary Dissertation on the Cliaraciers and Colloquial Mediums of

the Chinese, and was associated with Carey in the preparation of a
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Sanskrit grammar ami of a Ben;pli-English Uiotiocary. See J. C.

Marshmaii's Li/c and Times of C'aroj, Marshman, and Ward (2

vols., 1S59).

MARSIGLI (Latinized JI.vesiuus), Luigi Ferdinand,
soldier and savant, was born at Bologna, July 10, 1G58,

and died in the same city, November 1, 1730. After a

considerable course of study in mathematics, .natural

history, and anatomy, he visittd Constantinople, and on his

return to Christendom offered his services to the emperor

Leopold, then at war with the Turks (1G82). Wounded
and captured in an action on the river Raab, he was sold

to a pasha and accoinpanied him to the siege of A'ienna ;

but in lost his friends purchased his release, and at the

close of the war he was appointed commissioner for fixing

the new Dalmatian boundary. In 1703 he was second in

command to the count of Arco when Alt-Breisach was

furrendered to the duke of Burgundy ; and, though popular

opinion acquitted him of blame, JIarsigli was cashiered

when Arco was condemned to death. Devoting himself

to scientific pursuit.s, he vLsited Switzerland, and spent a

considerable time at Paris and Marseilles. He went to Rome
in 1709 at the request of Clement XI., but soon returned

to Marseilles to prosecute his investigations into the physical

nature of the sea. In 1712 he presented his scientific

collections to his native city, and thus gave rise to the

Bologna Institute of Science and Art ; and about the same
time he established a pres.=, including founts of Oriental

characters, for printing the publications of the society,

Marsigli's own works were valuable contributions to knowledge,
brouglit out in very liandsome style. Best known are hie curious

Sbysical history of the sea (Italian, Venice, 1711 ; French, Anister-
ain, 1725), with a very laudatory preface by Boerhaave ; L'itnt

inilitaire dc VEmpire Ottoman (Amsterdam, 1732) ; and Uaiiubius
Pannonico-Mysicus (Il.igue, 1726). Tliis last, of which only three
bundled and seventy-five copies were printed, consists of six huge
folio volumes illustrated by nearly three hundred maps and engrav-
ings, and furnishes an cscecdingly elaborate accouot of the coufba of
the Danube, of the towns and antiquities along its banks, of its

birds, btaits, lishcs, &c. See Fontenelle's iloge in Hem. dc I'Acad.
dcs Sciences, Paris, 1730 ; Quincy, Fie dc iloiis, Ic Comic da ilarsigli,
Zurich, 1741.

JIARSTOX, JonjT, was one of the most vigorous
satirists and dramatists of the Shakespearean age. He
was probably some ten years younger than Shakespeare
He has been identified with a gentleman commoner of
Brasenose College, O.xford, who entered in 1591, and was
admitted B.A. in 1.593 as the eldest son of an esquire.

If this is tlie same John Marston that was buried in tho
Temple Church in 1G34, under a tombstone Oblidaui
sacnim, the identification of him with the poet is most prob-
ably right, for one of Marstou's most singular poems is a
prayer to Oblivion

—

*' Let otlicrs pray
For ever their fair poems l!ouri;tIi may;
But as for me, hungry Oblivion,
Devour mo fjuick."

In the superfluity of learned allusions and Latin quota-
tions in his plays Marston proclaims the fact that he was
a university man. He entered the field of letters in 1598,
as a satirist, with a Scourge of Villuni/. He was pro-
fessedly an imitator of Juvenal, but he wrote rather in the
spirit of Skelton, and speedily earned something like
Skelton'a reputation as a coarse ribald buffoon of astonish-
ing energy, girding at the grossest vices of the time in
" plain naked words stript from their shirts." There was
more of the good-natnred chuckling buffoon than of the
cynic in Marston's satire, though he did profess unmeasured
scorn for the vices and fopperies of Lis age. The coarse
energy of his invective pours out r.s if he loved strong
language more than he hated tho subjects of his ridicule.
Shakespeare's Venus and Adonis was one of Maraton's first
butts; in his Pi///malion's Image (1598) the wooing of
Adonis by tho queen of love ia very roughly but very

cleveily parodied. The freshness and vigour of Marston's
vein brought «him at once into notice. He is mentioned
(misspelt as Maxton or Mastone) in Honslowe's Liary, in

1599, as " the new poet " receiving payment as part author
of a play ; and in the same year he was probably ridiculed

by Ben Jonson as "Carlo Buffone" in Every Mem out oj

his Ilumour. He and Dekker had a famous quarrel with
Jonson arising out of the latter's attack upon them in the
Poetaster (see Dekker). The literary enemies were re-

conciled ; Marston forswore literary quarrels, dedicated a
play to Jonson in terms of high eulogy, and was conjoined
with Jonson and Chapman in the play of Eastivard Ho!
some political allusions in which nearly cost the author.s

their ears. Marston wrote comparatively few plays, pub-
lished in quick succession at the following dates :

—

Antonio
and MelUda {idOi) ; Antonio's lieoenrje (1602); The
Malcontent (1604, his first and most powerful play) ; The
Dutch Courtesan (1605); Farasitaster (1606) ; Sophonisha

(1606); What You Will {HJQl). Marston then apparently
left off play writing; if he lived till 1631, there is no
explanation of his sudden stoppage. There is very little

constructive skill in his plays; the plots are uninteresting.

He does little more than send a procession of puppets
across the stage, one or more of which "gird at " the

others—very "loose libertines'' and very contemptible
some of them—in the author's own rough vein of satire.

One scene in Antonio and Mcliida was much admired by
Charles Lamb, and either suggested or was suggested by
one of the most powerful situations in Kirig Lear. But
the passage taken out of the body of the play gives a very

misleading idea of its general tenor, or of the general cast

of Marston's dramatic work.

MARSYAS was a Phrygian god, whose name ha.s passed

into Greek mythology. It is hardly possible to discover the

real basis of the legends, as their original form has been so

much altered. Marsyas was the god of a small river which
rose in a cave in the agora of Cehenae, and flows into the

Masander. In this cave was hung a hide, which according

to the story was the skin of Marsyas suspended there by
Apollo. When Athene threw away her flute, Slarsyas

found it, a subject represented by the sculptor Myron.
Proud of his skill, Marsyas challenged Apollo with his lyre.

Midas the Phrygian king, appointed judge in the contest,

preferred the flute-player, and got his ass's ears in inward

for his stupidity. 'The contest and the punishment of

Marsyas, who was flayed alive by Apollo, were frequent

sulyeute for Greek art, both vase-painting and sculpture.

There can be little doubt that this account has been very

much altered from its native Phrygian form by the Attic

comic poets, with whom Marsyas was a favourite character.

With regard to the Phrygian god it is diftlcult to say more
than that he and Silenus and Midas are associated in

legend with Dionysus, and that he must therefore belong

to the cycle of legends of Cybele (see Preller, Gr. MylhU.^

i. 508). The flute was the favourite instrument in the

worship of the goddess. Sacrifices were offered by the

people of Celcence to Marsyas, and he helped them against

the Galatians (Paus., x. 30). A statue of Marsyas was
erected in the Roman Forum and in other towns, and is

said to have been a symbol of liberty.

Mx^RTEN,' the name of a group of animals constituting

' By all old, authors of authority, as Ray, Pennant, Shaw, and
Heniing, the word is written "Miirtin," but this form of spelling is

now generally reserved by way of distinction fortbobir>l(see MAnTi>').

The word, as applied to the animal here dcscribcii, occurs in most
Germunic and Romanic lanRunges:—German, marder; Dutch, martcr;
Swedish, vuird; Danish, maar; English, marteron, marlem, marten,
martin, and marlklt; French, martc and martre; Italian, martora
and marlorella ; Spanish and Portuguese, marta. Its earliest known
use is in the form mnrtcs (Martial, Mp. x. 37), but It can scarcely ' o

au old Latih word, as it is^uot foiud iu Pliuy or other classical wTitcr.^
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n small but well-defined section of llic family jVimlelitla;

belonging to the Arctoid or Bear-like division of the order

Camivora (see Mammalia, pp. 439, 440 of the present

Yolume).

The genus Mustela, as restricted by Cuvier (Rtlr/ue

Animal, 1817), contains a very natural assemblajjo of

animals commonly called Martens, Sables, Polecats, Stoats,

Ermines, and Weasels, all closely allied in structure and

habits. A structural division, however, occurs Ijctwccn

the two first-named and all the otiicrs, especially shown in

the presence of an additional small premolar tooth on eadi

side of each jaw ; and, availing himself of this and somn
other minor characters, Cuvier divided the genus into two
subgenera, for the first of which he retained the name of

Musteta, and to the second assigned that of Pntnrins.

Three years later Nilsson {Skand. Fauwt, 1820) definitely

constituted the two groups into genera, applying to the first

the name of jVnrtes, by which the animals composing it

had been generally designated by the Latin-writing zoo-

logists of the preceding century, and keeping Mnatela for

the more typical AVeasels and their immediate allies.

Later zoologists have been divided between the nomencla-

ture of Cuvier, which has the priority, and that of Nilssnn,

which 'on other grounds is preferable. Those who adopt

the latter afhrm that Cuvicr's names, being only used by

hiui in a subgeneric sense, and not binoniially, need not

be applied generically ; but this is contrary to the practice

usually followed in such cases: Others avoid the dithculty

by not breaking up the genus at all, and so apply the term

Mustela to all the species. The result is that the generic

name of the JIartens in modern zoological works oscillates

between Maries and Muslela, according to the views of the

writer.

The following characters apply to the restricted group of

Martens proper, by whatever name they are called. Body
long, slender, and very flexible, though less so than in the

true Weasels. Head somewhat triangular ; muzzle pointed,

the nose extending a little beyond the lips ; eyes large and

prominent; ears conspicuous, broad, somewhat triangular,

rounded at the ends, furred outside and in; limbs short;

feet rounded ; toes short, five on each foot, all with short,

compressed, curved, sharp-pointed claws. Soles densely

furred between the naked pads. Tail moderately long,

more or less bushy. Outer fur long, strong, and glossy

;

a very abundant soft under fur.

Vertebrae: C 7, D U, L G, S 3, C 18-23. Skull elongated

and deprrssed. Facial portion moderate atid rather com-
pressed. Zygomata arched and wide but slender. Post-

orbital processes small. Auditory bulhc large, but not

very globose. Mandible with a strong triangular vertical

coronoid process and a well-developed angular process.

Dentition : i %, c \, p ^,ml; total 38. Upper incisors

m a straight transverse line, rather long and compressed ;

first and second subequal, third considerably larger.

Lower incisors very small, especially the first, and crowded
together, the second placed rather behind the others.

Canines long and sharp-pointed. L^pper premolars : first

very small, with simple crown and one root; second and
third njarly equal in size and two-rooted, with simple

compressed sharp-pointed crowns, with very slightly

developed accessory cusps; fourth (the sectorial) with

blade consisting chiefly of the central and posterior cusps,

the anterior being rudimentary, inner tubercle small -and

and Martial often iutrodiiccd foreign nords into bia L.itin. Its

etymology has been connected with tlie German " niartern," to

torment. A tecond Romanic name for tlie s»me animal is fuina, in

Fnnch fouine (see E. Von JIarten'a " Ueber Tliiemameu," in Dir
Zooloyische Oarten, toI. xi., 1870). Tins tenn " Marten Cat," often

used, is a misnomer, for thougli soniewliat Cat-lilio in eUe, general

appearance, and li.ibits, its true aOimtics are nut witli the Fclidce, but,

a.s aloted above, with tlio XScois.

confined to the anterior part of the tooth. True molar
tuberrular, about twice as wide transversely as in th'

nnteropostcrior direction, having an outer, more elevated,

but smaller portion, bearing three blunt tubercles; to the

inner side of this the crown is contracted, and its surface

deeply hollowed ; it then expands again into a broad low

lobe, with the central part elevated, and a raised, even,

semicircular, .slightly crenated internal border. Lower
premolars : first very small, simple, and one-rooted ; second,

third, anil fourth incrca^^ing slightly in size, with high

compressed jioinlpd crowns and posterior accessory cusps,

host markofl in ihc third. First molar (sectorial) with well-

marked liilobed blade,—heel scarcely more than one-third

of the length of the tooth, and a very small inner tubercle.

Second molar small, single-rooted, with a low, flattened,

subciroular or oval tubercular crown.

In geographical distribution the Martens are limited to

the northern hemisphere, ranging throughout the greater

part of the northern temperate regions of both Old and
New Worlds, as far north as conditions of existence suited

to their habits are met with, and southwards in America
to 3.5^ N. lat., while in Asia one species is met with as

far as the island of .lava.

The various species appear to be Very similar in their

habits. They live in woods and rocky places, and anj

thoroughly arboreal, spending most of their tmie in trees,

although descending to the ground in quest of prey.

They climb with great facility, and are agile and graceful

in their movements. Some species are said occasionally to

resort to berries and other fruit for food, but as a rule

they are strictly carnivorous, feeding chiefly on birds and
their eggs, small mammals, as squirrels, hares, rabbits,

and moles, but chiefly mice of various kinds, of which

they destroy great nilmbers, and occasionally snakes,

lizards, and frogs.
' In' proportion to their size they are

among the most bloodthirsty of animals, though less so

than the true Weasels. The female usually makes her

nest of moss, dried leaves, and grass in the hollow of a

tree, but sometimes in a hole among rocks or ruined build-

ings, and produces several young at a birth, usually from

four to six. Though wild and untameable to a great

degree if captured when fully grown, when taken young
they are very docile, and have frequently been made pets

of, not having the strong unpleasant odour of the smaller

ifustelidx. The common European Marten appears to

have been partially domesticated by the Greeks and

Romans, and to have been used to keep houses clear from

rats and mice before cats were introduced.^ In the same

way, according to Hodgson, an allied species, the Yellow-

bellied Weasel (Mustela kathiah), " is exceedingly prized

by the Nepalese for its service in ridding houses of rats.

It is easily tamed ; and such is the dread of it common to

all murine animals that not one will approach a hou.sa

where it is domiciled." It is, however, to the great valua

attached to the pelts of these animals that their importance

to man is chiefly due. Though all yield fur of serviceable

quality, the commercial value varies immensely, not only

according to the particular species from which it is obtained,

but according to individual variation, depending upon age,

sex, season, and other trifling circumstances. The skins

^rom northern regions are more full and of a finer colour

and gloss than those from more temperate climates, as are

those of animals killed in winter compared to the same

individuals in the summer season. The caprices of fashion

have, moreover, set wholly factitious values upon slight

shades of colour, recognized and named by experienced

furriers, but not indicating any specific or other distinctions

•See Rolleston, "On tlie Domestic Cats, Felii domcsticxis and

ilusUlafoina, of Ancient and Modem Times," Journal o/ Anatomy

0B(? JPhvsidoff]^, vol. ii. p, 47, 1868.
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of wLich zoologists have nny cognizance. Enormous
numbers of animals are annually caught, chiefly in traps,

to supply the demand of the fur trade, Siberia and North
America being the principal localities from which they
are obtained.

With the exception of the Pekan (M. pcnnanii) all the Martens
are so much alike in size, general colouring, and cranial and
dental characters that the discrimination of the species, and assign-

ment of the proper geographical distribution to each, has been a

subject which has sorely perplexed the ingenuity and patience of

zoologists. The following description by Dr Elliott Coues of the
OKtemal characters of the American Pine JIarten {Af. americana)
will apply almost equally well to most of the others. " It is almost
impossible to describe the colour of the Pine Marten, except in

General terras, without going into the details of the endless
iversities occasioned by age, sex, season, or other incidents. The

animal is 'brown,' of a shade from orange or tawny to quite
blackish ; the tail and feet are ordinarily the darkest, the head
lightest, often quite whitish ; the ears are usually rimmed with
whitish ; on the throat there is usually a large tawny-ycllowish or
orange-brown patch, from the chin to the fore logs, sometimes
entire, sometimes broken into a number of smaller, irregular

blotches, sometimes wanting, sometimes prolonged on the whole
under surface, when the animal is bicolor like a Stoat in summer.
The general ' brown ' has a greyish cost, as far as the under fur is

concerned, and is overlaid with rich lustrous blackish-brown iu

places where the long bristly hairs prevail. The claws are whitish ;

the naked nose pad and whiskers are black. The tail occasionally
shows interspersed white haira, or a white tip."

The species generally recognized as distinct are the following, the
first five belonging to the Old and the last two to the New World.

1. Mtislda foina, Erxleben ; the Beech Marten, Stone Marten, or
White-breasted Marteu.—DistinOTished from the following by the
greater breadth of the skull, and some minute but constant dental
characters, by the dull greyish-brown colour of the fur of the upper
parts, and the pure white of the throat and breast. It inhabits the
greater part of the Continent of Europe, but is more southern than
the next in its distribution, not being found iu Sweden or Norway,
nor, according to the recent investigations of Mr Alston, in the
British Isles, although included in their fauna by all earlier writers.

2. M. marles, Linn ; Maries sylvatica, Nilsson ; it. abidum,
Fleming; the Pine JIarten (see figure).—Outer fur rich dark
brown ; under fur reddish-grey, with clear yellow tips ; breast spot
usually yellow, varying from bright orange to pale cream-colour
or yellowish-white. Length of head and body 16 to 18 inches ; of
tail (including the hair) 9 to 12 inches. This species is extensively
distributed throughout northern Europe and Asia, and was formerly

European Pine Mart«n {Afiulela marks). From life,

common in most parts of Great Britain and Ireland. Though
commonly called " Pine Marten," it does not appear to have any
special preference for coniferous trees, except that, inasmuch as they
constitute the greater proportion of the forests of the countries
which it inhabits, it is more often mot with in them than in nny
other. With regard to its recent occurrence in the British Isles,
Mr Alston writes in Proc. of Zool. Socielij of London, 1879 :—
"AthouRh grcnlly reduced In number* by persecution. It still mnlntilns lis

fTound In Iho wilder districts o[ Scotland, tho norlli ot Enirland, Wales, and
Iruand ; and occasionally spcclmeiu are killed In cuunllu wbcre tbo sgccIgi vaa

thoupl.tloliavc been lone cjllnct. In Scotland It Is jim fonnd, thouRh com-
iiaii.llvcly larcly. In llie Lews ond In most of itio Highland mainland counties,
bcinp perhaps most abundant in Sutherland tind Hoss-ahirp. especially In the deer
forests. In the Lowlands a Marten Is now a very great laiity; but a fine
eianiHe was kilim In Ayrshire In ihcwln!cro( 187»-;6. In the north of Eneland
Mr \V. A. Durnfoid saya the species Is 'still plenliful* In the wilder pans of
Cumbciland, Westmoreland, ond Laiicushlre, and in Lincolnshire several have
been recorded, the latest killed In ISC';, by Mr Cordejux.' Id Noifolk one was
shot last year ; and I have myself examined a fine example which was shot In
Hertfordshire, wlihln 20 miles of London, In December 187-.'. In Dorsetshire the
Inst Is said to have been killed in 1804 ; but a specimen (jccuired In Humpshlro
ul)out forty years ago, and another In Surrey in 1847. In Ireland the followin/;
counties were enumeialed by Thompson as habllats of this species; Donegul,
l-ondondcrry, Antrim, Down, Annagh, Fermanagh, Longford, Galway, Tippcraiy.
Cork, and Kerry.' The CaC-crann is probably now b. rarer animal In Ireland
thdn It was when Thompson ^vrote ; but it still exists In various districts,
especially In Connty Keny, whenco the society has received several li\ing
examples; and Professor A. Leitll Adams states that It has been seen of late
years even la county Dublin."

3. if. nbcUina, Linnrcus ; the Sable (German^ Zohel and
Zebc!

; Swedish, sabd; Russian, sobcl, a word probably of Turanian
origin).—Closely resembling the last, if indeed diHering from it

except in the quality of the fur, which is the most highly valued of
that of all the group. Found chiefly in eastern Siberia.

4. if. Jiavigula, Boddaert ; the Indian Marten.— Inhabits the
southern slopes of the Himalayas, the Nilgiri Hills, the interior

of Ceylon, the Malay Peninsula, and Java.
5. il. melampus, Wagner.—Japan.
6. if. anuricana, Turton ; the North-American Sable or

Marten.—A species so closely allied to the European Pine Marten
and Asiatic Sable that it is very difEcult to as.sign constant dis-

tinguishing characters between them. The importance of the fur
of this animal as an article of commerce may be judged of from the
fact that 15,000 skins were sold in one year by the Hudson's Bay
Company as long ago as 1743, and the more recent annual imports
into Great Britain have exceeded 100,000. It is ordinarily caught
in wooden traps of very simple construction, being little enclosures

j

of stakes or brush in which the bait is placed upon a trigger, with
a short upright stick supjrorting a log of wood, which falls upon its

victim on the slightest disturbance. A line of such traps, several
to a mile, often extends many miles. The bait is any kind of meat,
a mouse, squirrel, piece of fish, or bird's head. It is principally
trapped during the colder months, from October to April, when the
fur is in good condition, as it is nearly valueless during the shed-
ding in summer. Dr Coues tells us that, notwithstanding the
persistent and uninterrupted destruction to which the American
Sable is subjected, it does not appear to diminish materially in
numbers in unsettled parts of the country. It holds its own partly
in consequence of its shyness, which keeps it away from the abodes
of men, and partly because it is so prolific, bringing forth six to
eight young at a litter. Its liome is sometimes a den under ground
or beneath rocks, but oftener the hollow of a tree, and it is said
frequently to take forcible possession of a squirrel's nest, driving off

or devouring the rightful proprietor.

7. il. pcnnanti, Erxleben ; the Pekan or Pennant's Marten,
also called Fisher Marten, though there appears to be nothing in
its habits to justify the appellation. This is the largest species of
the group, the head and body measuring from 24 to 30 inches, and
the tail 14 to 18 inches. It is also more robust in form than the
others, its general aspect being more that of a Fox than a Weasel

;

in fact its usual name among the American hunters is " Black Fox."
Its general colour is blackish, lighter by mixture of brown or grey
on tlie head and upper fore part of the body, with no light patch
on the throat, and unlike the other Martens generally darker below
than above. It was generally distributed in wooded districts

throughout tho greater part of North America, as far north as Great
Slave Lake, lat. 03° N. , and Alaska, and extending south to the
parallel of 35° ; but at the present time it is almost exterminated in

the settled parts of the United States east of the Mississippi.

See Elliott
,
Cones, Fur-beayiny AnimaH, a Monoyra'pJi of North American

ilutUUilx, 1877; E. R. Alston. "On Iho ISrltlsh Martens," frocerilings of (lie

Zoological Society 0/ London, 1879, p. 4(18. (\v. H. F.)

MARTIAL (M. Valerius Martialis) is a writer to

whoso merits it is difiicult to do justice in the present day.
His faults are of tho most glaring kind ; they are exhibited
without tho least concealment ; and they are of the sort of

which modern feeling is most intolerant. Living as he
did under perhaps the worst of the many bad emperors
who ruled the world in tho 1st ceutury, ho addresses
him and his favourites with tho most servile flattery in his

lifetime, reviles Lim immediately after his death (xii. C),

and offers equally fulsome incense at the shrine of his

successor. No writer of equal genius has ever shown such
an absence of dignity and independence of character in his

relation to his richer friends and patrons. Ho is not ashamed

' The Zoologist for June 1882 records ,the recent capture o( %
Marten iu a trap near Bardney in Lincoliisbir«.
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to be dependent on them for gifts of money, for lils dinner,

and oven for his dress. We cannot feci suro that even

what seem his sincerest tributes of regard may not be

prompted by the hope of payment. Further, there is no
book in any litcratnre which, both in expression and in the

things treated of, sins so flagrantly against all instincts of

propriety. A certain proportion of the epigrams in every

book—perha[)S one-fifth or one-sixth (in some books the

proportion is much larger)—can bo read by no class of

readers with any other feelings than those of extreme

distaste.

These faults are so unmistakable and undeniable that

many readers of ancient literature have formed their whole

estimate of Martial from them, and have declined to make
any further acquaintance with him. Even those who
greatly admire his genius, who find the freshest interest

in his representation of Roman life and his sketches of

manners and character, and who, after admitting the un-

favourable first impression which he is bound to make,
believe that they still can discern sufficient indications of

the better nature which made him a popular and likeable

man in his day, do not attempt to palliate his faults,

though they may partiall}' account for them by reference

to the morals of his age and the circumstances of his life.

The time when " the last of the Flavian line was tearing

in pieces the half-lifeless world, and Rome was a bond-

slave to a bald Nero," ^ was one when literature had cither

to be silent or to be servile. Martial was essentially a
man of letters; there was no other metier for which he
was fitted ; he was bound cither to gain favour by his

writings or to starve. Tacitus and Juvenal might have
chosen the latter alternative, but they were fortunately

spared the necessity of making the choice by the pos-

session of independent means. Even Statius, the contem-
porary of Jlartial, whose writings are in other respects

irreproachable, is nearly as fulsome in bis adulation as

MartiaL The relation of client to patron had been
recognized as an honourable one by the best Roman
traditions. Xo blame had attached to V^irgil or Horace
on account of the favours which they received from
Augustus and Mscenas, or of the return which they

made for these favours in their verse. That old honourable

relationship had, however, greatly changed its character

between the era of Augustus and that of Domitian.
Men of good birth and education, and sometimes even of

high official position (Juv., i 117), were not ashamed to

gain or increase their living by the acceptance of money
doles to provide their daily meal " Atria magna colam"
is the resource of a man who was too lazy or too incora-

petent to become an advocate, and who thought himself

too much of a gentleman to adopt any mechanical trade.

Martial was merely following a general fashion in paying
his court to " a lord." " Rex " is the common tsrm used
for a patron. He made the best of the custom. In his

earlier career he used to accomjiany his patrons to their

villas at Baiaj or Tibur, and to attend their morning levies.

Later on he went to his own small country house, near
Komentum, and sent a poem, or a small volume of liia

poems, aa his representative, at the early visit If his

patron was courteous and liberal, he became his friend and
entertained him with his wit and social vivacity. If he
was mean and exacting, he found in him a subject for his
epigrams. The fault of grossness Martial shares with
nearly all ancient and many modem writers who treat of
life from the baser or more ridiculous side. That he
offends worse than perhaps any of them is to be explained,
not, apparently, on the ground that he was more of a

^ Ctun iam semianiinmn laceraret Flavins ortcm
Xntimns, et calvo serviiet Eoma Neroni,—Jnv., iv, -37,

libertine in his life, but on tL" ^roand that he had to

amuse a public which had bteome more corrupt than in any

other civilized era. Although there is the most cynical

effrontery and want of self-respect in Martial's use of Ian-

gnago, there is not much trace of the satyr in him,—much
less, many readers will think, than in Juvenal. Neithei

is it at all true, as is said by historians of Roman litera-

ture (W. S. Teuffel, vol. il 317, 5), that his epigraae

mostly deal with this side of life. At least four-fifths ef

them are unexceptionable in subject and treatment.

Our knowledge of Jlartial's life is derived almost entirely

from himself. His writings do not, like those of Horace,
supply materials for a contiuuous biography, nor do they
lay bare every secret of his heart with the self-absorption

of Catullus. But, as he writes frankly about everything

that interested hira, he has not only painted a very life-

like picture, or rather drawn a multitude of very life-lilce

sketches of Roman society in his time, but he has clearly

marked his own position in and his own relation to that

society. His criticism of men and manners enables us to

judge of the standard which ho applied to life, of the things

which he liked and disliked, and of his own temper and
disposition. Reference to public events enables us approxi-

mately to fix the date of the publication of the different

books of epigrams, and from these dates to determine
those of various important events in his life. Thus, as in

book X.. which was published in 97 or perhaps 98 a.d., he
is found celebrating his fifty-seventh birthday (x. 24), .the

date of his birth may be assigned to the year 40 or 41.

The place of his birth was Bilbilis, or Augusta Bilbilis, in

Spain, in a "baiTen and rugged country" near the sources

of the Tagus. His name seems to imply that he was bom
with the rights of Roman citizenship, but he speaks of

himself as "sprung from the Celts and Iberians, and a
countryman of the Tagus "; and, in contrasting his own
masculine appearance with that of an effeminate Greek,

he draws especial attention to " his stiff Spanish hair "

—

"Hisranis ego contnmax capillis " (x. 66).

In an epigram written nearly thirty years after his removal
to Rome he piously commends the soul of a little child,

Erotion, to whom he was much attached, to his parents

Fronto and Flaccilla, who had gone before to the worli
of shades (v. 34). Their position in life seems to be
indicated by such references to his former home as the
phrase " saturK sordida rura casae " (x. 90). His home was
evidently o'oe of rude comfort and plenty, sufficiently i»

the country to afford him the amusements of hunting ani
fishing, which he often recalls with a keen sense of pleasure,

and sufficiently near the town to afford him the compaTiion-

ship of many; comrades, the few survivors of whom he looks

forward to meet again after his five and thirty years

absence (x. 104). The memories of this old home, of

Bilbilis on its mountain site, of the shallow, rapid Safo

flowing round the base of the hill ("fluctu tenui sei

inquieto "), of " Gains hoary with snow and sacred Vadaverw
with it« broken cliffs, " of the ilex-grove of Burado (iv. 55)
" which even the laziest traveller walks through," and of

other spots the rough names and local associations of wliich

he delights to introduce into his verse, attest the enjoy-

ment which he had in his early life, and were among the

influences which kept his spirit thoroughly alive in the

midst of the deadening routine of social life in Rome.
But his Spanish homo could impart, not only the vigorous

vitality which was one condition of his success as a wit

•and poet, but the education which made him so accom-
plished a writer. The literary distinction obtained by the

Senecas, by Lucan, by Quintilian, who belonged to a
somewhat older generation, and by his friends and contem-
poraries Licinianus of Bilbilis, Decianus of Emcrita, and
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Canius of Gades, proves how eagerly the novel impulse of

letters was received in Spain in the first century of the

empire, just as a similar impulse had been received in

Cisalpiuo Gaul in the first half of the first century before

our era. The success of his countrjmen may have been

the motive which induced Martial's parents to prepare him
for a liUjrary career,

—

" At me littcrulas stulti docucro rarenbes " {ix. 73, 7),

and which induced Martial himself to remove to Rome
when he had completed his education. This he must have

clone some time before the fall, in 65 a.d., of Seneca and
Lucan, who were probably his earliest patrons. He
speaks of the halls of the Pisos and of Seneca as having

been opened to him when he first went to Rome (iv. 40);

and in epigrams, addressed to his widow nearly thirty

years after the death of Lucan, he speaks of him with

grateful admiration, and applies to her the word " Eegina,"

"his lady patroness."

Of the details of his life for the first twenty years or

80 after he came to Kome we do not know much. He
published seme juvenile poems of which ho thought very

little in his niaturer years, and he laughs at a foolish book-

seller who would not allow them to die a natural death

(L 113). Martial had neither youthful passion <jor youth-

ful enthusiasm to make him precociously a poet. His
faculty ripened with experience and with the knowledge

of that social life which was both his theme and his

inspiration ; and many of his best epigrams are among
those written in his last years. From many answers which

he makes to the remonstrances of friends,—among others

to those of Quintilian,—it may be inferred that ho was
urged to practise at the bar, but that he preferred his

own lazy Bohemian kind of life to more settled and
remunerative modes of industry. He made many in-

fluential friends and patrons, and secured the favour

both of Titus and Domitian. From them he obtained

various privileges, among others the " semestris tn'bunatus,"

which conferred on him equestrian rank. He failed,

however, in his application to the latter for more substantial

advantages, although he commemorates the glory of

having been invited to dinner by him, and also the fact

that he procured the privilege of citizenship for many
persons in whoso behalf he appealed to him. The earliest

of his extant works, that known by the name of Liber

Spectaculorum, was first published at the opening of the

Colosseum in the reign of Titus ; but the book as it now
stands was given to the world in or about the first year of

Domitian, i.e., about 81 A.D. The favour of the emperor
procured him the countenance of some of the worst creatures

at the imperial court,—among them of the notorious

Crispinus, of Parthenius, Earinus, Rcgulus, and probably
of Paris, the supposed author of Juvenal's exile, on whose
death Martial afterwards wrote a eulogistic epitaph.
The two books numbered xiii. and xiv., and known by
the name of Xenia and Apopkorela,—inscriptions of two
lines for presents,—were published between 81 and 86 a.d.

In that last year he gave to the world the first two of the
twelve books on which his reputation rests. From that
time till his return to Spain in 93 A.D. he published a
volume almost every year. TTio first nine books and the
first edition of book x. appeared in the reign of Domitian

;

and book xi. at the end of 96 a.d., shortly after the
accession of Nerva, A revised edition of book x., that
which wo now possess, appeared in 98 a.d., about the time
of the entrance of Trajan into Roma The last book was
written after three years' absence in Spain, shortly before
his death, which happened about the year 102 or 103 a.d.

These twelve books bring Martial's ordinary mode of life

between the age of ^ve-and-forty and sixty very (»\]y

before us. His regular home for five-and-thirty years

was Rome. He lived at first up three pair of stairs ("et

scalis habito tribus sed altis," i. 117), and his rooms over-

looked the laurels in front of the portico of Agrippa.

He had a small and not very valuable country house

near Momentum, in the Sabine territory, to which he
occasionally retired as a jrefuge from the bores and noises

of the city (iL 38, xli. 57). In his later years he had a
small house on the Quirinal, near the temple of Quirinus.

At the time when his third book was brought out he had
retired for a short time to Cisalpine Gaul, in weariness, as

he tells us, of his unremunerative attendance on the levies

of the great

—

" Kon poterat vante taidia fcrre togse " (iii. 4).

For a time he seems to have felt the charm of the new
scenes which he visited, and in a later book (iv. 25) he
contemplates, probably with a reminiscence of Horace
{Od. ii. 6), the prospect of retiring to the neighbourhood
of Aquileia and the Timavus in his old age. But the spell

exercised over him by Rome and Roman society was too

great to permit of a prolonged absence ; and even the

epigrams sent from Forum Corneli and the jEmilian Way
ring much more of the Roman Forum, and of the streets,

baths, porticos, and clubs of Rome, than of the places

from which they are dated. So too his motive for his final

departure from Rome in 98 a.d. was a weariness of the

burdens imposed on him by his social position, and, appa-

rently, the difficulties of meeting the ordinary expenses of

living in the metropolis (s. 96) ; and he looks forward,

with a kind of " nostalgia," to a return to the scenes familiar

to his youth. The well-known epigram addressed to

Juvenal (xii. 18) shows that for a time his ideal was
realized ; but the more trustworthy evidence of the prose

epistle prefixed to book xii. proves that his contentment

was of very short duration, and that he could not live

happily away from the literary and social pleasures of

Rome ("bibliothccas, theatra, convictus"), which supplied

both the impulse to his genius and the material on which
it could exercise itself. The one consolation of his exile

was the society of a lady, Marcella, of whom he writes

rather as if she were his patroness,—and it seems to have

been a necessity of his being to have always a patron or

patroness,—than his wife or mistress. His delight in her

society arose from his finding in her one who, though

born and bred in this remote province, yet by her natural

grace and accomplishment revived for him the charm of

Rome.
During his life there, although he never rose to a

position of real independence, and had always a hard

struggle with poverty, he seems to have known every-

body, especially every one of any eminence at the bar or

ia literature. In addition to Lucan and Quintilian, he

numbered among his friends or more intimate acquaintances

Silius Italicus, Juvenal, the younger Pliny ; and we find a

number of other names, such as those of Julius Martialis,

Faustinus, Bassus, Decianus, Melior, Stella, &c., of men
holding a high social, legal, or literary position, whose

society and patronage he enjoyed. The silence which he

and Statins, although authors jvriting at the same time,

having common friends, and treating sometimes of the

same subjects, maintain in regard to one another may be

explained by mutual dislike or want of sympathy. Martial,

in many places, shows an undisguised contempt for the

artificial kind of epic on which Statius's reputation chiefly

rests ; and it seems quite natural that the respectable

author of the Thehaid and the .Si/i^a; ^should feel little

admiration for either the life or the works of the Bohemian
.epigrammatist.

The personal fivjlts of _ Martial, which deny to hi*
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writings, notwitlistanding tlicir vivacit}', trutn, and brilli-

ancy, a place among the best poetry of antiquity, have

been sufficiently indicated. It remains to ask, What were

those qualities of nature and intellect which enable us to

read his best work—even the great body of his work

—

with the freshest sense of pleasure in the present day ?

lln had the keenest capacity for enjoyment, the keenest

curiosity and power of observation. The ordinary spectacle

of Roman life, as it passed before his eyes, was thus vividly

apprehi>nded and reproduced by him in all its details ; and

the many varieties of character which an overripe and
decaying civilization produces were quickly seized and
graphically sketched. He had also a very just discern-

ment. It is rare to find any one endowed with so quick

a perception of the ridiculous who is so little of a carica-

turist. He was himself singularly free from cant, pedantry,

or affectation of any kind. Though tolerant of most vices,

he has a hearty scorn of hypocrisy,—of the combination

of outward austerity with secret profligacy,—of the uiao

who, while he wears

" Fosoos colores, galbinos habet mores."'

There are few better satirists of social and literary pre-

tenders either in ancient or modern times. Living in a

very artificial age, he was quite natural, bating pomp and

show, and desiring to secure in life only what really gave

him pleasure. To live one's own life heartily from day to

day without looking before or after, and to be one's self

without trying to be that for which nature did not intend

him, is the sum of his philosophy. It is the philosophy

of a man who has passed the middle of life, who has

outlived any illusions he may ever have had, and who
is quite content that whatever remains to him in the future

should be like his present. Further, while tolerant of much
that is bad and base,—the characters of Crispinus and

Kegulus, for instance,—he shows himself genuinely grateful

for kindness and appreciative of excellence. He has uo

bitterness, malice, or envy in his composition. He pro-

fesses to avoid personalities in his satire ;
—"Lndimus in-

nocui " is the character he claims for it. Pliny, in the .<hort

tribute which he pays to him on hearing of his death, says,

" He had as much candour as wit and pungency in his

writings" {Ep. iii. 21).

Honour and sincerity (fides and simplicitas) are the

qualities which he most admires in his friends. Though

many of his epigrams indicate a cynical- disbelief in the

character of women, yet others prove that he could respect

and almost reverence a refined and courteous lady. His

own life in Rome afforded him no experience of domestic

virtue ; but his epigrams show that, even in the age which

is known to modern readers chiefly from the Satires of

Juvenal, that virtue was recognized as the purest source of

happiness. The tenderest element in Martial's nature

seems, however, to have been his affection for children

and for his dependants. The pathos with which he has

recorded their premature death, combined with hia fresh

enjoyment of outward nature, give to many of his pieces

a rank among the serious poetry of the world—"inter

eanctiora carmina,"—to use a phrase of his own.

The permanent literary interest of Martial's epigrams

arises not so much from their verbal point or briLUancy,

though in these respects they are unsurpassed, as from the

amount of human life and character which they contain.

There is no truer painter of social manners in antiquity. He
enables us better than any other writer to revive the out-

ward spectacle of the imperial Rome which we see in its

ruins, and to repeople its streets, shops, porticos, baths, and

amphitheatres. If Juvenal enforces the lesson of that time,

and has penetrated more deeply into the heart of society,

' " Whose dress is of s dull colour, liis morals »pale exejva."

Martial has sketched its external aspect with a much fairer

pencil and from a much more intimate contact with it. It
is from the immediate impressions and comments of the
epigrammatist that the satirist has taken the suggestioa
of many of his more elaborate pictures and more stem
denunciations. But it is not only the peculiarities of

Roman customs that live in the writings of Martial His
page, to use his own phrase, "has the true relish of humaa
life " in every age—" hominem pagina nostra sapit"
Ho was to Rome in the decay of its ancient virtue and
patriotism what Menander was to Athens in its decline.

They were both men of cosmopolitan rather than of a
n»>ional type, and had a closer affinity to the life of Paris

or London in the ISth century than to that of Rome is

the days of the Scipios or of Athens in the age of Pericles.

The form of epigram was fitted to the critical temper of

Rome as the comedy of manners was fitted to the dramatic

genius of Greece. Martial professes to be of the school of

Catullus, Pedo, and Marsus, and admits his inferiority

only to the first But, though he is a poet of a less pure

and genuine inspiration, he is a greater epigrammatist

even than his master. He has indeed made that form oT

art peculiarly his own. He has applied it to the repre-

sentation of a very much greater number of situations,

incidents, and characters, and he has done this with the

greatest clearness, terseness, and vivacity of style, and with a
masterly command over all his metres, except the pure hexa-

meter, in which no other writer has been able to treat the

familiar matters of the day with the light touch of Horace.

Martial, except where he is flattering the emperor,—and
then we may sometimes suspect an undercurrent of irony,

—is one of the most natural and sensible as he is one of

the wittiest and most brilliant of writers. He fails, per-

haps, more often in his wit than in his sense. He is

full of the happiest phrases, which express admirably

for all times, without over-subtlety and without triteness,

the judgment and impressions of life formed by direct

contact with it, and taken neither from books nor from the

opinions of other men, of a thorough man of the world,

who had yet some feelings and sensibilities to which men
of the world are generally strangers. He wrote naturally

because he was completely in harmony with the life of

his age. As this is the explanation of his grave offences,

it should also be recognized as contributing to his merits

as a writer.

Owing probably to the reasons which have exclnded his writingB

from school education, little has been done for the criticism or

explanation of Martial for about two centuries. There is a good
edition of the text by Schneidewin in the Teubner series of classics.

For English readers the Selected Epigrams of MaHial, by H. H.
Stephenson, and the Martialis EpigramTnata Scltcta, by Messrs

Paley and Stone, may be recommended as a good introduction to

the study of this poet An edition of book i., with a Latin com-

mentarj' by J. Flach, has lately appeared at Tiibingen. Further

information about him may be obtained in a work by A. Brandt,

Dc ilariialispoetx vitact scriptis (Berlin, 1853), and in Friedlander'a

Sittengaschichte Roms ; and an excellent criticism on his writings

is to be found among the prose works of Lessing. (W. Y. 8.)

MARTIAL LAW. See Military Law.
MARTIGUES, chief place of a canton in the depart-

ment of Bouches-du-Rhone, France, stands on the southern

shore of the lagoon of Berre, and at the eastern extremity

of that of Caronte, by whitfh the former is connected with

the Mediterranean. Divided into three quarters by canals

with numerous bridges, the place has sometimes been called

the Venice of Provence. It has a harbour of 10 acres, an

iron foundry, workshops for maritime constructions, oil

manufactures, and chemical works; the principal iudnttry,

howr ver, consists in the preparation of " boutargue," wliidi

is obtained from the roes of the grey mullet caught in the

lagoons, and rivals Russian caviare. The population ift

1876 was 805a



MAR M A R 581

Bailfm 1232 by Raymond Berenger, connt of Provence, Martigucs

W»s made a viscouritsliip by Joanna I., queen of Naples. Henry IV.

made it a principality, in favour of a princess of the house of

Luxembourg. It afterwards nasseJ into the hands of the duke of

Vaiars.

MARTIN ^ (French, Marlinet), the Hirundo urhica of

Linnxus and Chelidon vrhica of niodera ornithologists, a

bird very well known throughout Europe, including even

Lapland, where it is abundant, retiring in winter to the

south of Africa.^ It also inhabits the western part of Asia,

and appears from time to time in large flocks in India

;

but the boundaries of its range and those of at least one of

its Eastern congeners cannot as yet be laid down. The
Martin (or House-Martin, as it is often called, to distinguish

it from the Sand-Martin presently to be mentioned) com-

monly reaches its summer-quarters a few days later than

the Swallow (^-.^i.), whose habits its own so much resemble

that heedless persons often disregard the very perceptible

differences between them, the Martin's white rump and

lower parts being conspicuous as it flies or clings to its

"loved mansionry" attached to our houses, for, as

Shakespeare wrote

—

" No jutty, frieze,

Buttress, nor coign of vantage, but this bird

Hath made his pendent bed and procreant cradle."—ilacbcth, act i. sc. 6.

This nest, made of the same material as the Swallow's,

is, however, a far more difficult structure to rear, and a

week or more is often occupied in laying its foundations

—

the builders clinging to the wall while depositing the mud
of which it is composed. But, the base once securely fixed,

the superstructure is often quickly added till the whole

takes the shape of the half or quarter of a hemisphere, and

a lining of soft feathers, mixed with a few bents or straws,

fits it for its purpose. The Martin sets about building very

8i»n after its return, and a nest that has outlasted the

winter's storms is almost at once reoccupied ; though if a

new nest be needed its construction often involves great

delay,forany excess of wet or drought retards the operation,

nnd the work is generally placed in such an exposed situa-

tion that heavy driving rains will frequently wash away

the half-dried walls. However, the bird mostly perseveres

against these and other untowardnesses, contriving in ths

course of the summer to raise a second or, rarely, a third

brood of ofi'spriug—though it is certain that the latest

broods often die in the nest—apparently through failure of

food. Yet what seem to be adults of this species are

observed in England every year so late as November, and

there are several instances of its appearance within a few

days of the winter solstice ; but it is to be remarked that

these late birds are almost certainly strangers, and not

natives of the locality in which they are seen.

The Sand-Martin, Hirundo riparia of Linnaeus and

ColUe riparia of modern writers, differs much in appearance

and habits from the former. Its smaller size, mouse-

coloured upper surface, and jerking flight ought to render

it easily recognizable from the other British llirundiiiida:
;

but through carelessness it is seldom discriminated, and,

being the first of the Family to return to its northern

borne, the "early Swallow" of newspaper-writers would

ncern to be nearly always of this species. Instead of tho

clay-built nest of the House-Martin, this bird bores, with

a degree of regularity and an amount of labour rarely

excelled in its Class, horizontal galleries in a natural or

' The older English form, Martlet (French, Martdel), is, except in

heralds' language, almost obsolete, and when used is now applied in

•ome places to the Swift {q. v. ).

' Since the publication of the account of this species in YarrcU's

British Birds (ed. 4, ii. p. 354), Mr Guniey has informed the writer

of a specimen obtained out of a migratory flock flying very high on the

Qua'qua' river, lat. 19° 10' 6., by tho c.'cpeditioa of Messrs Jameson
*ud Ayrea, 23d October 1880.

artificial escarpment When beginning its excavation, it

clings to the face of the bank, and with its bill loosens the

earth, working from the centre outwards, assuming all sorts

of positions—as often as not hanging head downwards.
The form of the boring and its length depend much on
the nature of the soil ; but the tunnel may extend to 4,

G, or even 9 feet. The gallery seems intended to be
straight, but inequalities of the ground, and especially the

meeting with stones, often cause it to take a sinuous

course. At the end is formed a convenient chamber lined

with a few grass stalks and feathers, the latter always

beautifully arranged, and upon them the eggs are laid.

The Sand-Martin has several broods in the year, and is

much more regular than other /riV«H(/int</cE in its departure

for the south. The kind of soil needed for its uesting-

habits makes it a somewhat local bird ; but no species of

the Order Passeres has a geographical range that can com-

pare with this. lu Europe it is found nearly to the North
Cape, and thence to the Sea of Okhotsk. In winter it visits

many parts of India, and South Africa to the Transvaal

territory. In America its range is even more extraordinary,

extending (due regard being of course had to the season of

the year) from Melville Island to Caigara in Brazil, and
from Newfoundland to Alaska,

The Purple Martin of America,' Hirundo or Progne

purpurea, requires some remarks as being such a favourite

bird in Canada and in the United States. Naturally

breeding in hollow trees, it readily adapts itself to the

nest-boses which are very commonly set up for its accom-

modation ; but its numbers are in some years and places

subject to diminution in a manner which has not yet been

satisfactorily explained. The limits of its range in winter

a;-e not determined, chiefly owing to the differences of

opinion a.s to the validity of certain supposed kindred

species found in South America; but according to some

authorities it reaches the border of Patagonia, while in

summer it is known to inhabit lands within the Arctic

Circle. The male is almost wholly of a glossy steel-blue,

while the female is much duller in colour above, and

beneath of a brownish-grey.

Birds that may be called Martins • occur almost all over

the world except in New Zealand, which is not regularly

inhabited by any member of the Family. The ordinary

Martin of Australia is tho Hirundo or Hylochelidon

nigricans of most ornithologists, and another- and more

beautiful form is the Ariel or Fairy-Martin of tho eame

country, Hirundo or Lagenoplasles ariel. This last builds

of mud a bottle-shaped nest, as does also the Eock-Martin of

Europe, Hirundo or Biblis nipestris; but space fails wherein

to tell more of these interesting birds. (a. n.)

MARTIN, St, bishop of Tours, was born of heathen

parents at Sabaria {Stem am Anger) in Pannonia, about

the year 316. When ten years of age ho became a

catechumen, and at fifteen, contrary to his own inclination,

he' entered the army. It was while he was stationed at

Amiens that he divided his cloak with the beggar, nnd on

the following night had tho vision of Christ making known

to his angels this act of charity to Himself on the part of

" Martinus, still a catechumen." Soon afterwards he

received baptism, and, two years later, having been per-

mitted to leave the army, ho joined Hilary of Poitiers,

who wished to make him a deacon, but at his own request

ordained him to the humbler oflice of an exorcist. In the

course of the years that followed he undertook a journey

to Pannonia for tho purpose of converting his parents, and

was successful in bringing his mother within the pale of

' In 1840 ah example is said to have been killed at Kingstown in

Ireland, the skin of which is in the Dublin Museum of Science and Art,

* The Martin of French colonists (in the Old World) is an Acri-

dotkcres, one of the SxAiiLiNOS (j.v.).
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the church; For some time, doubtless during the Arian

troubles, he lived, along with a presbyter friend, an ascetic

life on the desert island of Gallinaria near Genoa ; in 3G0

he was again with Hilary at Poitiers, and founded in the

neighbourhood the monastcrium Locociagense (Licug(5).

Here his miracles, which included more than one case of

restoring the dead to life, were very numerous, and made

him so famous that in 371 the people of Tours insisted on

having him for their bishop. In this capacity he was

extremely zealous and energetic in seeking to extirpate

idolatry from his diocese and from France, and by example

as well as by precept he did much for the spread of the

monastic system. To obtain the privacy that he required

for the maintenance of his personal religion, he established

the monastery of Marmoutior-les-Tours (Martini mona-

sterium) on the banks of the Loire. At Treves, in 385,

he was importunate in his entreaties that the lives of the

Priscillianist heretics should be given them, and he ever

afterwards refused to hold ecclesiastical fellowship with

those bishops who had sanctioned their execution. He
died at Candes about the year 400, and is commemorated

by the Roman Church on November 11 (duplex). He is

the patron saint of France, and of the cities of Mainz

and Wiirzburg. The Life by his disciple Sulpicius Severus

is practically the only source we have for his biography,

but it is full of legendary matter and chronological

inaccuracies. The feast of St Martin (Martinmas) took

the place of an old pagan festival, and inherited some of

its usages (such as the Martinsmannchen, Martinsfeuer,

Martinshorn, and the like, in various parts of Germany)

;

by this circumstance is most probably to be explained the

fact that he is regarded as the patron of drinking and jovial

meetings, as well as of reformed drunkards.

MAKTIN I., pope, succeeded Theodore L, in June or

July 649. He had previously acted as papal apocrisiarius

at Coustantinople, and was held in high repute for learning

and virtue. Almost his first official act was to summon a

synod (the first Lateran) for dealing with the Monothelite

heresy. It met in the Lateran church, was attended by

one hundred and five bishops (chiefly from Italy, Sicily,

and Sardinia, a few being from Africa and other quarters),

held five sessions or "secretarii" from the 5th to the Sist

of October 649, and in twenty canons condemned the

Monothelite heresy, its authors, and the writings by which

it had been promulgated. In this condemnation were

included, not only the " Ecthesis " or exposition of faith of

the patriarch Sergius for which the emperor Heraclius had

stood sponsor, but also the " Typus " of Paul, the successor

of Sergius, which had the support of the reigning emperor

(Constans II.). Martin was very energetic in publishmg

the decrees of his Lateran synod in an encyclical, and

Constans replied by enjoining his exarch to seize the pope,

should he persist in this line of conduct, and send him
prisoner to Constantinople. These orders were found

impossible of execution for a considerable space of time,

but at last Martin was arrested in the Lateran (June 15,

653), hurried out of Rome, and conveyed first to Naxos
and subsequently to Constantinople (September 17, 654).

After suffering an exhausting imprisonment and many
public indignities, he was ultimately banished to Cherson,

where he arrived on March 26, 655, and died on the 16th

of September following. His successor was Eugenius L
A full account of the events of his pontificate will be

found in Hefele'a Concilienyeschichte^ vol iii., 1877.

MARTIN IL See Majrinus L
MARTIN lU. See. Marinus IL
MARTIN IV., pope from 1281 to 1285, was the suc-

cessor of Nicholas III. He was a native of Touraine, born

about 1210, and his proper name was Simon de Brion.

Alter holding various offices at Rouen ai.Ci Touis, he was

made chancellor of France by Lonis IX. in 1260, and
cardinal by Urban IV. in 1261. He acted as legate for

this pope and also for his successor Clement IV. in the

negotiations for the assumption of the crown of Sicily by
Charles of Anjou, and he is supposed also to have stimu-

lated the ambition of Philip IIL for the imperial dignity

in 1273. After the death of Nicholas IIL (August 1280)
Charles of Anjou was able to secure the election of Cardinal

Simon by the conclave at Viterbo (February 22, 1281),

The Romans declined to receive him within their walls,

and ho was crowned at Orvieto. At the instance of

Charles, whose tool he had become, he in Noi'ember
1281 excommunicated the emperor Michael Palaeologus,

who stood in the way of the French projects against Greece,

—an act by which the union of the Eastern and Western
churches was rendered impossible. For three years after

the Sicilian Vespers in 1282 all the spiritual and material

resources at his command were in vain employed on behalf

of his patron against Peter of Aragon. He died ;.t Perugia

on March 25, 1285, and was succeeded by Honorius IV.

MARTIN V. (Otto di Colonna), pope from 1417 to 1431,

was elected on St Martin's day at Constance by a conclave

consisting of twenty-three cardinals and thirty delegates of

the council, which after deposing John XXIII. had long

experienced much perplexity from the conflicting claims of

Gregory XII. and Benedict XIIL The son of Agapito

Colonna and Catarina Conti, born about 1368, he belonged

to one of the oldest and most distinguished families of Rome,
became apostolic protonotary under Urban VL, was
created cardinal-deacon by Innocent VIL, aud in 1410
was the delegate of Alexander V. to hear the appeal which

had been taken in that year to the papal see by John
Huss. He was justly esteemed for his moderation, learn-

ing, uprightness, and business capacity, but he failed to

achieve, as he might have done, the honour of being a

reforming pope. His first act after his election was to

publish a brief confirming all the regulations made by his

predecessors with regard to the papal chancery,—regula-

tions which had long been the subject of just complaint.

When the " nations " of the council pressed their plans for

reform, Martin submitted a cormter scheme, and ultimately

entered into negotiations for separate concordats, for the

most p4rt vague and illusory, with Germany, England, and
France. He left Constance at the close of the council

(May 1418), but travelled slowly through Italy, lingered at

Florence, and did not venture to enter Rome until

September 1420, when his first task was to seek to restore

it to the prosperity and order to which it had become a
atranger. In accordance with 'he decree of Constance,

confirmed by himself, ordering that councils should be

held every five years, he ia 1423 summoned the council

which met at Pavia and afterwards at Siena ; it was some-

what poorly attended, and this circumstance gave the pope

a pretext for dissolving it as soon as it had come to the

resolution that "internal church union by reform ought to

take precedence of external union." It was prorogued for

seven years, and then met at Basel ; shortly after its opeii-

ing Martin died of apoplexy, on February 20, 1431. His
successor was Eugenius IV.

SLARTIN, John (1789-1854), a popular English

painter, was bom at Haydon Bridge, near Hexham, on the

19th of July 1789. On account of his early interest in

art he was apprenticed by his father to a coachbuilder to

learn heraldic painting, but owing to a quarrel the

indentures were cancelled, and he was placed under

Bonifacio Musso, an Italian artist, father of the well-

known enamel painter Charles Musso. With his master

Martin removed to London in 1806, where he married at

the age of nineteen, and led a struggling life, supporting

himself by giving drawing lessons, and by painting in
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water colours, and on china and glass. His leisure was
occupied in the study of perspective and architecture. His

first picture, Sadak in Search of the Waters of Obhvion,

was executed in a month. It was exhibited in the Royal

Ac-ademy of 1812, and sold for fifty guineas. It was

followed by the Expulsion (1813), Paradise (181.3), Clytie

(1814), and Joshua (1815). In 1821 appeared the famous

Belshazzar's Feast, which excited much favourable and
hostile comment, and was awarded a prize of £200 at the

British Institution, where the Joshua had previously carried

off a premium of .£100. Then CDme the Destruction of

Hereulaneum (1822), the Creation (1824), the Eve of the

Deluge (1841), and a long series of otlier Biblical and

imaginative subjects, many of which are widely known
through engravings. In 1832-33 Martin received £2000
for drawing and engraving a line scries of designs to

Jlilfon, and along with Westall he produced a set of Bible

illustrations. He was also much occupied with schemes

for the improvement of London, and published various

pamphlets and plans dealing with the metropolitan water

supply, sewage, dock, and railway systems. During the last

four years of his life he was engaged upon his large subjects

of the Judgment, the Day of Wrath, and the Plains of

Heaven. He was attacked with paralysis while painting,

and died in the Isle of Man on the 17th of February 1854.

The bold originality of Martin's productions startled .ind

attracted the ]mblic, but they are without the qualities of solid

execution and truth to nature upon which a lasting fame in the

arts must be built. His figures are badly drawn, his colomiug is

liot and unpleasant To most of his professional brethren his

works seemed theatrical and tricky ; and the best lay critics of his

thnc, like Charles Lamb, were disposed to deny that they evinced

true imaginative power. His jiopuJarity may be said to have cul-

nrinatcd in 1828, the year of his fall of Nineveh ; since then it has

been giadually declining.

MARTINA FRANCA, s city of Italy in the province

of Lecce, 18 miles north of Taranto, on a hill near the

sources of the Tara. It was a fief of the Caraccioli family,

and dates from a comparatively modem epoch. The ducal

palace is one of the finest buildings of its kind in the south
' of Italy, somewhat similar in style of architecture to the

Palazzo Pamfili in Nap'es. The population of the city

was 13,088 in 1861 ; that of the commune has increased

from 16,637 in that year to 19,257 in 1881.

MARTINEAU, Hakeiet (1802-1876), English woman
of letters, was born at Norwich, where her father was a
manufacturer. The family was of Huguenot extraction, but

had adopted Unitarian views. Her education, which in-

cluded Latin and French, as well as domestic accomplish-

ments, was received partly at home, and partly under a
Mr Perry, to whose lessons in logical English composition

she ascribed something of her later clearness of thought
and statement. The atmosphere of her home was indus-

trious, intellectual, and austere ; she herself was clever,

weakly, and unhappy, and was, moreover, already growing
deaf. At the age of fifteen the state of lier health and
temper led to a prolonged visit to her father's sister, Mrs
Kentish, who kept a school at Bristol. Here, in the

companionship of amiable and talented people, her life

became happier. Here, also, she fell under the influence

of the Unitanan minister, Dr Carpenter, from whose in-

structions, she says, she derived " an abominable spiritual

rigidity and a truly respectable force of conscience

strangely mingled together." From 1819 to 1830 she
again resided chiefly at Norwich. The first part of this

period was mainly spent in quiet and almost secret

study and in needlework. About her twtutipth year her
deafness became confirmed, and she habitually from that

time used an ear trumpet. In 1821 she began to write

anonymously for the Monlhhi Rrfiosiiory, a Unitarian

periodical, and was assured by her brother that suthorshin

was her proper career. A little later she published
Devotional Exercises ami Addresses, Prayeis, and Hymns.

la 1826 her father died, leaving a bare maintenance
to his wife and daughters. His death had been preceded
by that of his eldest son, and was shortly followed by that

of the young man to whom Harriet was engaged. Mrs
ilartineau and her daughters soon after lost all their

means by the failure of the house where their money was
placed. Harriet had to earn her living, and, being
precluded by her deafness from teaching, took up author-

ship in earnest and toiled with incredible industry. She
reviewed for the Repository at the rate of £15 a year,

wrote stories (afterwards collected as Traditions of Pales-

tine), gained in one year (1830) three essay-prizes of

the Unitarian Association, and eked out her income by
needlework. In 1831 she was seeking a publisher for

a series of tales designed as Illustrations of Political

Economy, After many failures she accepted veiy disadvan-

tageous terms, and the first number appeared amidst gloomy
prognostications from the publisher. The sale, however,

was immediate and enormous, the demand increased with

each new number, and from that time her literary success

was secured. In 1832 she moved to London; she at once

became the fashion, and her acquaintance was eagerly

sought. ' Till 1834 she continued to be occupied with

her political economy series and with a supplemental
series of Illustrations of Taxation. Four stories dealing

with the poor-law came out about the same time. These
tales, direct, lucid, written without any appearance of effort,

and yet practically effective, display the characteristic

qualities of their author's style. In 1834, when the wholo
series was complete, Miss Martineau paid a long visit to

America. Here her open adhesion to the Abolitionist

party, then small and very unpopular, gave great offence,

which was deepened by the publication, soon after her

return, of Society in America and a Retrospect of Western

Travel. An article in the Westminister Review, " The
Martyr Age of the United States," introduced English

readers almost for the first time to the struggles of the

Abolitionists. In these American writings Miss Martineau

shows less than her usual calmness and judicial common
sense, but it will scarcely be denied that there was some
ground for her vehemence. The American books were

followed by a novel, Deerhrook,—a story of middle class

country life, lacking the delicate humour of Miss Austen or

the touch of farce that enlivens Miss Edgeworth's tales,

but delightfully clear in style, wholesome in spirit, and well

sustained in point of interest. To the same period belong

two or three little handbooks, forming parts of a Guide

to Service. The veracity of her Maid of all Work led to

a widespread belief, which she regarded with some com-

placency, that she had once been a maid of all work
herself.

In 1830, during a visit to the Continent, Miss Martineau'a

health, which had long been bad, broke down entirely.

She retired to solitary lodgings in Tynemouth, and remained

a prisoner to her couch till 1844. She was still busy, and,

besides a novel {The Hour and the Man), published some

tales for children, and Life in the Sick-room. These

volumes contain some of her best work, and possess a charm
of tender feeling to balance the somewhat cold rationality

that predominates in most of Miss Martineau's writing.

Dui-rngthis illness she for a second time declined a pension

on the civil list, fearing to compromise her political

independence. Her letter on the subject was published,

and some of her friends raised a small annuity for her

soon after.

In 1844 Miss Martineau underwent a course of

mesmerism, and in a few months was restored to hcMth.

Her recovery excited much discussion and controversy.
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She herself felt no doubt either of its reality or of its

being due to mesmerism, and not unnaturally resented the

incredulity of others. She eventually published an account

of her case in sixteen Leilers on Mesmerism, a proceeding

which caused great offence to some members of her family.

On fiuding herself set free from the bondage of ill-health,

she removed to Ambleside, where she built herself the

house in which the greater part of her after life was spent.

In 18-45 she published three volumes of Forest and Game
Law Tales, in which the method of her political economy

series was again applied. In 1846 she made an Eastern

tour with some friends. She was abroad for eight months,

visiting Egypt, Palestine, and Syria, and on her return

published Eastern Life. The tendency of this work is to

display humanity passing through one after another of the

world's historic religions, the conception of the Deity and

of Divine government becoming at each step more and more

abstract and indefinite. The ultimate goal Miss Martineau

believed to be a philosophic atheism, but this belief she

did not e.xpressly declare \i\ Eastern Life, considering it to

be outside the province of that book. She published

about this time Household Education, expounding the

modern theory, in which freedom and rationality, rather

than command and obedience, are regarded as the most,

effectual instruments of education. Her practical interest

in all schemes of instruction led her to start a series of

lectures, addressed at first to the school children of-

Ambleside, but afterwards extended, at their own desire, to

their elders. The subjects of these lectures were sanitary

principles and practice, the histories of England and North

America, and the scenes of her Eastern travels. At the

request of Mr Charles Knight she wrote for him, in 1849,

The History of the Thirty Years' Peace,—a characteristic

instance of Miss Martineau's remarkable powers of labour.
" From the first opening of the books to study for the

history to the depositing of the MS. of the first volume at

press \fas," she says, " exactly six months. The second

volume took six months to do."

In 1851 Miss Martineau edited a volume of Letters on

the Laws of Man's Nature and Development. Its form is

that of a correspondence between herself and Mr H. G.

Atkinson (in which the latter has much the larger share),

and it expounds that doctrine of philosophical atheism to

which Miss Martineau had, iu Eastern Life, depicted the

course of human belief as tending. The existence of a first

cause is not denied, but is declared unknowable, and the

authors, while regarded by others as denying it, certainly

considered themselves to be affirming the doctrine of inau's

moral obligation. Mr Atkinson was a zealous exponent

of mesmerism, and the prominence given to the topics of

mesmerism and clairvoyance no doubt tended to heighten

the disapprobation with which the book was received. Tlie

reviewers were almost unanimous in condemnation, and
the publication caused a lasting division between Miss
Martineau and soine of her friends.

The new philosophical bent of her studies directed Miss
Martineau's attention to the works of Comte, and she

undertook a condensed English version of the Philosophie

Positive. It appeared in 1853, and to most readers is

more useful and intelligible than the original. She had
begnn in the previous year to write articles, chiefly

biographical, for the Daily Kews. Afnong these were the

Lettersfrom Ireland, written during a visit to that country

in the summer of 1852. She also wrote a considerable

number of essays upon different manufactures for House-
hold Words, and another series for the same periodical upon
the treatment of blindness, deafness, idiotcy, &c., besides

a Guide to Windermere, followed afterwards by a Complete
Guide to the Lakes. She had been for many years a con-

tributor to the Westministei- Revieiv, and was one of the

little band of supporters whose pecuniary assistance, in

1854, prevented its extinction or forced sale. In the early

part of 1855 Miss Jfartineau found herself suffering from
heart disease. Having always felt it one of her duties

to write her autobiography, and believing the time before

her to be but brief, she now at once set about this

task, and on its completion caused the book to be printed

that it might be ready for speedy publication at her death.

But her life, which she supposed to be so near its close,

was prolonged for other twenty years, her death not
taking place until 1876.

These years were by no means laie. She continued to contribute
to tlio Laibj Xews, for which she wrote in nil nioro than 1600
articles, and to the IP'eslminslcr Ikvino, as well as to other papers,

and her biographical stetchcs were collected and reprinted from the
Daily Ncus in a volume which has justly become one of the best-

known of her works. In point of style it is probably the most
excellent of thoni all. The form and method leave nothing to be
desired, and tlio perception of character is shrewd, sincere, and,

rouf;hly speaking, reliable. But in reading the book we feel that
the biographies, divided by the editor into groups of royal, political,

&c., fall far more naturally into two larger classes,—the biographies
of persons whom Jliss Martineau liked, and tlie biographies of

persons whonl' she disliked. All are doubtless in a sense true, as

all phofogiaphs are true, but the diU'erence between a flattering and
an unflattering photograph is considerable.

She also produced two books on tlie government of India, and
was continually occupied in jn-omoting schemes of reform and
benevolence. Her poorer neighbours owed much to her kindly and
enlightened efforts, and her servants found in her a friend as well

as a mistress. Her long and busy life bears the consistent impress

of two leading characteristics,—industry and sincerity. Her n-ork

was invariably sound," and its motive invariably respectable. Tho
verdict which she records on herself in the autobiographical

sketch left to he published by the Daily Ncxos is probably very

near to that which will be recorded by future judgment. She
says,—" Her original power was nothing more than was due t<i

earnestness and intellectual clearness within a certain range. With
small imaginative and suggestive powers, and therefore nothing
approaching to genius, she could seo clearly what she did see, and
give a clear expression to what she- had to soy. In short, she

could popularize while she could neither discover nor invent."

Her judgment on large questions was clear and sound, and was
always the judgment of a mind naturally progressive and Protestant.'

Mentally she was a true daughter of her Huguenot ancestors. But
it is impossible to read her autobiography without suspecting that

she was subject to considerable prejudices, especially in her judg-

ment of persons, and tliat her temper, particnlaily in earlier life,

was unamiable, hard, and unforgiving. She seems, indeed, to have
possessed the sort of disposition which shows to much greater

advantage in its relation to juniors, inferiors, and dependants than
in its relations to elders and supcrioi-s, and which therefore appears

more amiable in the closing than iu tlie opening years of life. Her
autobiography reveals also a weakness which was perhaps unavoid-
able. The publication of her political economy tales brought h^
into great and sudden notice ; many persons of high position,

official and otherwise, desired to enlist her advocacy on the part of

their particular projects. She found her help much courted, and
mych help eagerly proffered to her. Her deafness, which suffered

her to hear only what was directly addressed to herself, assisted to

make her a central figure, and to induce the belief that hers was
one of the most potent if not actually the most potent voice in

English politics. Her deafness was in another direction probably
advantageous. It led her to find solitude easier than most com-

fanionship, and saved her from many distractions of attention,

t may indeed fairly be surmised that but for her deafness she

could never have found time to achieve tho amazing quantity of

wor'rc that she did, while the courageous, cheerful, and unobtrusive

spirit in which she bore her infirmity remains an example and an

encouragement to all her fellow-sufferers. (C. BL.

)

MARTINI, Giovanni Battista (1706-i784), the

most learned musician of the 18th century, was bom at

Bologna on April 25, 1706. His father, Antonio Maria

Martini, a violinist, taught him very early the elements

of music, and to play the violin ; at a later period he

learned singing and .harpsichord playing from Padre
Pradieri, and counterpoint from Antonio Riccieri. Having
received his education in classics from tlie fathers of the

oratory of San Filippo Neri, he afterwards entered upon

a noviciate at tho Franciscan monastery at Lago, at the

close of which he was received into that order on September
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11, 1722. Continuing his studies in tlie theory and
l>ractice of music with great zeal, he in 1725, though only

nineteen years of age, received theappointment of chapel-

master in the Franciscan church at Bologna, where his

compositions soon attracted much attention. At the

invitation of amateurs and- professional friends he now
opened a school of musical composition at which in the

course of his long life several celebrated musicians were

trained, including Paolucci, Sabbatini, Euttini, Zanotti,

Sarti, Ottani, and Stanislas Mattel ; as a teacher ho con-

sistently declared his preference for the traditions of the

old Roman school of musical composition (see Music).

Padre Martini was a zealous and indefatigable collector of
' musical literature, and is alleged to have been the pessessor

of the most extensive musical library ever formed. After

a lingering illness ho died at Bologna on August 4, 1784.

His Elogio was published by Pietro della Valle at Bologna
in the same year.

The greater number of Martini's sacred compositions remain im-
printed. The Liceo of Bologna possesses the MSS. of two oratorios

;

and a leijuiem, with some other pieces of church music, are now in

Vienna. Lilanim alquc anliphonx finales B. V. Marix were pub-
lished at Bologna in 1734, as also twelve Sonatc d'intavolaturci ; six

Senate per Vorgano ed il cembalo in 1747 ; and Dxielti da Camera
in 1763. Martini's most important works are his Sloria della Musica
(Bologna, 1757-81) and his Sar/gio di Conlrapunlo (Bologna,

1774-76). The former, of which the three published volumes relate

wholly to ancient music, and thus represent a mere fragment of the

suthor's vast plan, exhibits immense reading and industry, but it

is written in a dry and unattractive style, and is overloaded with
matter which cannot be regarded as historical. At the beginning

and end of each chapter occur puzzle-canons, some of which are

exceedingly difficult ; Cherubini solved the whole of them. The
Saggio is a very learned and valuable work, containing an import-

ant collection of examples from the best masters of the old Italian

and Spanish schools, with excellent explanatory notes. It treats

chiefly of the tonalities of the plain chant, and of counterpoints

constructed upon them. Besides being the author of several con-

troversial works, llartini drew up a Dictionary of Ancient Musical
Terms, which appeared in the second volume of G. B. Doni's
Works ; he also published a treatise on The Theory of Numbers as

applied to Music.

MARTINI, SiMONE (1283-1344), called also Simone di

Martino, and more commonly, but not correctly, Simon
Memrai,* was born in 1283. He followed the manner of

painting proper to his native Siena, as improved by
Duccio, which is essentially different from the style of

Giotto and his school, and the idea that Simone was
himself a pupil of Giotto is therefore wide of the mark.

The Sienese style is less natural, dignified, and reserved

than the. Florentine ; it has less unity of impression, has

more tendency to pietism, and is marked by exaggerations

which are partly related to the obsolescent Byzantine

manner, and partly seem to forebode certain peculiarities

of the fully developed art which wo find prevalent in

Michelangelo. Simone, in especial, tended to an excessive

and rather affected tenderness in his female figures ; he

was more successful in single figures and in portraits than

ii large compositions of incident. He finished with

scrupulous minuteness, and was elaborate in decorations of

patterning, gilding, &c.

The first known fresco of Simone is the vast one which

he executed in the hall of the Palazzo Pubblico in Siena,

—

the Madonna Enthroned, with the Infant, and a number of

angcLs and saints ; its date is 1315, at which early period

of his life he was already an artist of repute throughout

Italy. In S. Lorenzo Maggioro of Naples he painted a

life-sized picture of King Robert crowned by his brother,

' Tlio ordinary account of this celebrated xarly Sienese painter is

that given by Vasari, and since repeated in a variety of forms.

Modern research shows that it Is far from correct, the incidents bcins
erroneous, and the paintings attrilmtcd to Simone in various principoi

Instances not his. We follow the autliority of Messn Crowe uml
Cavalcaselle.

Lewis, bishop of Toulou.'o; tliis also is extant, but much
damaged. In 1320 he painted for the high altar of the
church of St Catharine in Pisa the Virgin and Child between
.six saints ; above are archangels, apostles, and other figures.

The compartmented portions of this work are now dispersed,

some of them being in the academy of Siena. Towards
1321 he executed for the "church of St Dominic in

Orvieto a picture of the bishop of Savona kneeling before

the Madonna attended by saints, now in the Fabricceria of

the cathedral. Ccr'^ain frescos in Assisi in the chapel of

St Martin, representing the life of that saint, ascribed by
Vasari to Puccio Capanna, are now, upon strong internal

evidence, assigned to Simone. He painted also, in the

south transept of the lower church of the same edifice,

figures of the Virgin and eight saints. In 1 328 he produced

for the Sala del Consilio in Siena a work of a very different

character—a striking equestrian portrait of the victorious

general Guidoriccio Fogliani de' Ricci.

Simone had married in 1324 Giovanna, the daughter of

Memmo (Guglielmo) di Filippuccio. Her brother, named
Lippo Memmi, was also a painter, and was frequently

associated with Simone in his Work ; and this is the only

reason why Simone has come down to us with the family-

name Memmi. They painted together in 1333 the

Annunciation which is now in the UflBzi gallery. Simone
kept a bottega (or shop), undertaking any ornamental work
commissioned of him, and his gains were large. In 1339

he settled at the papal court in Avignon, where he made
the acquaintance of Petrarch and Laura ; and he painted

for the post a portrait of his lady, which has not come
down to us ; it gave occasion for two of Pe^trarch's sonnets,

in which Simone is highly eulogized. He also illuminated

for the poet a copy of the Comment of Servius upon Virgii,

now preserved in the Ambrosian library of Milan. He
was largely employed in the decorations of the papal

buildings in Avignon, and several of his works still remain

—in the cathedral, in the hall of the consistory, and, in

the two chapels of the palace, the stories of the Baptist,

and of Stephen and other saints. One of his latest pro-

ductions (1342) is the picture of Christ Found by his

Parents in the Temple, now in the Liverpool Gallery.

Simone died in Avignon in July 1344.

From this account of Sinione's principal works it will

be perceived that those with which his name and fame

are most generally identified are no longer regarded as his.

These are the compositions, in the Campo Santo of Pisa,

from the legend of S. Ranieri, and the Assumption of the

Virgin ; and the great frescos in the Cappellone degli

Spagnuoli, in S. Maria Novella, Florence, representing

the Triumph of Religion through the work of the Dominican

order, kc. Some of the works in question can be proved

to have been done many year's after Sinione's death, and

the others belong to a ditferent school and style of art

MARTINIQUE, one of the West India island.s,

belonging to the chain of the Les?er Antilles, and consti-

tuting a French colony, lies 33 miles south of Dominica

and 22 north of Saint Lucia, between 14° 23' and 14'

52' N. lat. and 63° 6' and 63° 31' W. long. The greatest

length is 43 miles, the mean width 19; and the surface

comprises 244,090 acres, or 380 square miles. A cluster

of volcanic mountains in the north, a similar group in the

south, and a line of lower heights between them, form the

backbone of the island, which culminates in the north-west

in Mont Pelce (4430 feet), and has altogether a much more

irregular and strongly marked relief than it presents to

the eye,—the deep ravines and iirecipitous escarpments

with which it abounds being reduced in ajipearance to

gentle undulations by the dra[iery of the forests. Of the

numerous streams which traverse the few miles of country

between the watershed and the sea, about .seventy or eighty

XV — 74
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are of considerable size, ami in tlie rainy season become
deep and too often destructive torrents. The east coast of

iho island, exposed to the full sweep of the Atlantic, is a

Bucccssion of inlets, headlands, islands, and rocks ; the

south coast is much more regular, but bold and steep ; and
the west alone presents, in the bay of Fort de France, a

stretch of mangrove swamp. Of the total area, about

83,990 acres are under cultivation, 83,843 occupied by
forest and savanna, and 68,837 by fallow. Oa an average,

according to tho returns for 1874-78 inclusive, 47,440
acres are devoted to the sugar crop, 1290 to coffee, 640 to

cotton, and 1660 to cocoa. The mean annual temperature

is 81° in the coast region,-^the monthly mean for June
being 83°, and that of January 77". Of the annual rain-

fall of 87 inches, August has the heaviest share (11 -3

inches), though the rainy season extends from June to

October; March, the lowest, has 3'7. Martinique enjoys

a remarkable immunity from hurricanes ; half a f-entuiy

may pass without serious disaster from such a visitation.

In 1878 there were 162,861 inhabitants (77,782 males,

65,079 females) in the island, which is thus nearly as

densely peopled as Belgium. Since 1848 the increase

amounts to about 42,800. Of the twenty-five communes,
fourteen have more than 5000 inhabitants ; the largest are

Saint Pierre (23,909), Fort de France (15,414), Lamentin
(13,409)^ and Francois (10,297). The great mass of the

population consists of Creole aegroes and half-castes of

various grades, ranging from the "Saccatra," who has
hardly retained any trace of Caucasian blood, to the so-

called " Sangmel^," with his mere suspicion of negro com-
mixture. Marriage is frequently ignored, and of the births

no less than 66 per cent, are iUegitimate.

Fort de France, the chief town, a place of about 11,000
inhabitants, stands on a bay on the west coast. Since
the earthquake of 1839 nearly all the houses are of wood,
and have only one story ; the streets are laid out with

great regularity. An abundant supply of water was in-

troduced in 1856. St Pierre, the commercial centre of the

island, with about 20,000 inhabitants, lies farther north
on the same coast. It consists of a lower and an upper
town,—the one close and unhealthy, and the other for

the most part well-ventilated and pleasant

Martinique, also called Madiana or Mantlnino, was discovered by
Columbus 15th June 1502. It was at that time inhabited by Caribs
(Galibis) who had expelled or incorporated an older stock. In 1635
a Norm.in captain, D'Enambuo, from St Christopher's, took pos-
session of the island, and in 1637 bis nephew Duparquet became
captain-general of the colony, now numbering seven bundi'ed men.
In 1654 welcome was given to three hundred Jews expelled from
Brazil, and by 1658 there were at least five thousand people
exclusive of the Caribs, who were soon after exterminated.
Purchased by the French Government from Duparquet's children
for 120,000 -livres, Martinique was assigned to the West India
Company, but in 1674 it became part of the royal domain. Tho
habUanls (French landholders) at first devoted themselves to the
cultivation of cotton and tobacco; but in 1650 sugar plantations
were commenced, and in 1726 the coffee plant was introduced by
Desclieux, who, when water ran short during his voyage to the
island, shared his scanty allowance with his seedlings. Slave
labour having been introduced, there were 72,000 blacks in the
island by 1736. Martinique has several times been occupied by
the English. Captured by Rodney iu 1762, it was next year
restored to the French ; but after the conquest by Sir John Jervis
and Sir Charles Grey in 1794 it was retained for eight years ; and,
seized again in 1803, it was no^ surrendered till 1814.

Sec Renonard. St<U. de la Martiniquf, 1822; .'ijney Dflnoj-, HiiU ie la War-
Itnique, IS4G ; E. Kufz, l:,ules hist, et Unl. sur la population tie la ilarliniquf :

Fardon, La Marlmtgue. 1S77 ; H. Rcy, £lu<le sur la col. de la Jfartimgut, 18S1.

MARTINSBURG, a town of the United States, tho
capital of Berkeley county, West Virginia, lies on a plateau
above the Tuscarora Creek, in the Shenandoah vallej% 80
miles west of Washington. A station on the Baltimore and
Ohio Railroad, and a terminus of the Cumberland Valley
Railway, Martiusburg is the seat of extensive machine-
shops belonging to the former company, which were saekcd

by the Confederates in 1861. ibe population. 4SG8 in

1870, was 6335 in 1880.

MARTIUS, Carl Friedrich Philipp von (1794'-

1868), a well-known German^ botanist and traveller in

Brazil. He studied in the university of Erlangen, and on

graduating M.D. in 1814 published as his thesis a critical

catalogue of plants in the botanic garden of the university.

He afterwards devoted himself to botanical study, and in

1817 he and Spis were sent to Brazil by the king of

Bavaria. They travelled from Rio Janeiro through several

of the southern and eastern provinces of Brazil, and ascended

the river Amazon to Tabatinga, as well as some of its larger

affluents. In 1820 they returned to Europe with rich

collections of plants and animals, as aiso with stores of

information on the geography, ethnology, and products of

Brazil. In 1820 ho was appointed conservator of the

botanic garden at Munich, and in 1826 professor of botany

in the university there, and held both offices till 1854,

when he resigned them.
While a student Martins had published papers in various scien-

tific periodicals, and ha continued to do so during his whole life.

After his return from Brazil he devoted his chief attention to the

flora of that country, and in addition to numerous short papers he
published the ]!^ova Genera et. Species Plmilarum Brasilicnsium
(1823-32, 3 vols. ) and Icones scleclx Plantarion Cryplogamicarvm
Brasiliensivm (1327), both works being finely illustrated. An
account of his travels in Brazil appeared in 3 vols. 4to, 1823-31,

with an atlas of plates, and is regarded as one of the most valuable

works of ti-avel of the present century. Probably the work by
which he is best known is his Bisloria Palmarum (1823-50) in .3

large folio volumes, of which one describes the palms discovered by
himself in Brazil. In 1840 he began the Flora Brasihcnsis with

the assistance of the most distinguished European botanists,

who undertook monographs of the various orders. Latterly Dt
Eichler was associated with him in the editorship of this work,
which ia still going on, though over eighty parts have appeared.

He also edited several works on the zoological collections made
in Brazil by Spix, after the death of the latter in 1826. On the

outbreak of potato disease in Europe he investigated the state of

the diseased plants, and in 1842 published his observations. He
also published independent works and short papers on tho abori-

gines of Brazil, on their civil and social condition, on their past

and probable future, on their diseases and medicines, and on the

languages of the various tribes, especially the Tupi.

MARTOS, a town of Spain, in the province of Jaen, is

situated on the slope of a steep hill, which is surmounted

by a ruined castle, 16 miles west-south-west of Jaen. The
streets are steep, narrow, crooked, and ill-paved ; the

public buildings are of the usual order, and present no
feature calling for special remark. The surrounding district

is specially productive of oil, and in the neighbourhood of

the town are two sulphurous springs much resorted to in

cases of cutaneous disease. Population in 1877, 14,654.

ilartos perhaps stands on or near the site of tho y«c« of Ptolemy.

By Ferdinand III. it was taken from the Sloors in 1225, and given

to the knights of Calatrava ; it was there that the brothers Carvajal,

commanders of the order, were in 1410 executed by command of

Ferdinand IV. after he had been "summoned" by them to »

meeting at the Divine judgment .seat. O'Donnell here gained a

victory over the royalist troops in 1854.

MARTYN, Hesrv (1781-1812), a celebrated missionary,

was born on February 18, 1781, at Truro, Cornwall

He came of a mining family, and his father John

Martyn was a " captain " or mine-agent at Gwennap. He
received his education at the grammar school of his

native town under the famous Dr Cardew, entered St

John's College, Cambridge, in the autumn of 1797, and

in 1801, a month before he was twenty years old, was

declared senior wrangler, obtaining soon after the first

.Smith's prize. In the following year he was chosen a

fellow of his college. In the autumn of 1801 he was

introduced to Charles Simeon, whose ardent disciiilfi ha

soon became. It was his intention t9 devote himself to

the bar, but in the October terra of 1302 he chanced to

hear Simeon Bpeaking of the vast amount of good donp in

India by a. smgle missionary, William Carey , some time
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afterwards he read the life of toe devoted David Brainerd,

the enthusiastic apostle of the Indians of North America,

and, "filled with a holy emulation," resolved to devote his

euerfies to the work of a Christian missionary. On
Ottober 22, 1603, he was ordained deacon at Ely, and

afterAvaids priest, and served as Simeon's curate at the

church of Holy Trinity, takiiii; charge of the neighbouring

(^rish of Lolworth. Still fall of the thought of work-

ing in heathen lands, he designed to volunteer for the

Church Missionary Society, but a sudden disaster in

Cornwall deprived him and his unmarried sister of all the

provision their fatlicr had made for them, and rcudered it

necessary that he should obtain a .salary that would support

her us well as himself. He aceordingly applied for, and

obtained, a chaplaincy under the East India Company.
Ho left for India on July 5, 1805.

Tor some mouths he was chiefly located at Aldeen, near

Serampore ; in October 1806 he proceeded to Dinapore,

where ho laboured for a time amongst the Europeans, and

soon found himself able to conduct divine worship among
the natives in their own vernacular language, and to

establish schools for their instruction. At the end of April

1800 he was ordered up to Cawnpore, where he made his

first attempt to preach to the heathen in his own compound,

and had to endure frequent interruptions " amidst groans,

hissings, curses, blasphemies, and threatenings "
; neverthe-

less he pursued his work among the hundreds who crowded

round him, consoling himself that, if he should never see a

native convert, God " might design by his patience and

coutinuance in the work to encourage other missionaries."

Meanwhile the great business of his life was being

diligently carried on. Day after day he occupied himself

with learning new languages, and had already, during his

residence at Dinapore, been engaged in revising the sheets

of his Hmdustani version of the New Testament. He
now translated the whole of the New Testament into Hindi

also, and into Persian twice over. He translated the

Psalms into Persian, the Gospels into Judseo-Persic, and
the prayer book into Hindustani, in spite of the constant

interruptions caused by excessive weakness of body, and
" the pride, jcdantry, and fury of his chief moonshee Sabat."

Ordered by the doctors to take a S22 voyage for his health,

he got lea»e to go to Persia and correct his Persian Nov/

Testament, whence he made up his mind to go on to Arabia,

and there compose an Arabic version. Accordingly, on
October 1, 1810, having sceu his work at Cawnpore
crowned, on the previous day, by the opening of a church,

he left for Calcutta, whence he departed on January 7,

1811, for Bombay, which he reached on his thirtieth

birthday. From Bombay he set out for Bushire, bearing
letters from Malcolm to men of position there, as also at

yhiraz and Ispahan. After a killing journey from the

coast he reached Shiraz, and was soon plunged into

discussion with the disputants of all classes, " Sufi, Moham-
medan, Jew, and Jewish-Mohammedan, even Armenian,
.ill an.xious to test their powers of argument v/ith the lir.st

English priest who had visited them." Having made an
unsuccessful journey to Tebria to present the shah with
his translation of the New Testament, he was seized with
a fever, which so thoroughly prostrated his energies that,

after a temporary recovery, he found it necessary to seek
a change of climate. On September 12, 1812, he stalled
with two Armenian servants, crossed the Araxes, rode from
Tcbriz to Erivan, from Erivan to Kars, from Kars to

Erzerouni, from Erzeroum to Chillik, urged on from place
to place by his cruel Tartar guide, and, though the plague
was ragiug at Tokat, he was compelled to stop there from
utter prostration caused by fever. On the Cth of October
ho died, either from the plague or from the WLakness of
the disiudma w hicli hara&sed liiui fioiii day to day

liy liis vam.iblc I.iuours .is a tr.iiisl.ttor Maityu bail jilnci J por-

tions of tlic Scii|itiiivs witliiii tli« uacli of all wlio coulj ivail

ovoi- oia'-fourtli of tlie liabitaMu ylobe, and Juring his brief life lie

cMiic-il lor liinisclf a foremost place among modern missionaries.

.Mj.iml.ny's lines, wiitten in 1S13, testify to the impressiou made
Ijy his entluibi.astic caieer of selfilcvotiuu.

Sec SargcMit, J/f'.fo/i- 0/ (/iC /I'ci-. llairtf Jfaiiijn, B.D., 1819;

\Vill)erlnrcc, Joiirnats am! Leilas 0/ llic Itcv. Ucnnj Jl/arhjn, 1837 ;

Kayo, Clirislianihj iit India, 1859, Yonge, Pioix-crs ami Founders,

\iU ; and The Cliiirch Qiiai'lcrhj for October 1881.
'

MAirrVKOLOGY, a catalogue or list of martyrs,

arranged according to the succession of their annivercarie.s,

and sometimes including an account of their lives and

suilerings. Tho corresponding word in the Greek Church

is Mcnolor/ion or Awdof/ion ; from the Meiioloffia the

tSi/iKij-ctria are compiled. The custom of paying honour to

the memory of those who had " witnessed the ^ood con-

fession " in perilous times established itself very early in the

Christian church, and one particular manner of coinmemora'

tion was formally recognized by at least one ecclesiastical

synod before tho end of the 4th century ; in the 47tb

canon of the third synod of Carthage (397 a.d.) it is

decreed "liceat legi Passiones Martyrumquum anniversarii

eorunr dies celebrantur." Apart from the still extant

D('//osilio Jfaiit/nim contained in the work of the chrono-

grapher of 354, edited in 1850 by Mommsen, the oldest

" martyrologies " of which anything is known are the

ip)^aLuiv ixapTvptiiiv crwaywyT/, or Collection of records of

past persecutions, to which Eusebius more than oncealludes

as having been made by himself, and the treatise On the

J/arti/rs of Palestine, by the same author, the full text of

which has been preserved in an ancient Syriac version

edited by Cureton. Next to the general martyrology of

Eusebius, in chronological order, it has been usual to place

the calendar of saints' days referred to in a letter, attributed

to Jerome, which purports to be written in answer to

bishops Chromatins and Heliodorus, who had asked him to

search the archives of Eusebius with the view of enabling

them to observe the saints' days with more regularity.

This epistle is now adiuitted to be spurious ; ultimately,

however, a so-called Alarlyrolo(jium Hieroiiymia itnni came

into existence, but it is not so much a siugle martyrology

as a rude patchwork derived from many ancient church

caleiidais. In its present form it is a meagre list of names

and places, but may be said to lie at the foundation of all

subsequent Western calendars. Almost contemporary with

its last recension is what is known as the Parvurt

^[artyroloyiuni liomanum, found by Ado of Vienne about

850 ; in it many of the dates arc changed, and for the first

time days are assigned to the chief characters of Scripture.

To nearly the same date must be assigned the independent

compilation of Bede, which has reached us, however,

only as enlarged by subsequent editor.s. The 9th centuiy

was very fertile in martyrologies, among which may ba

mentioned that of Fiorus, subdeacon of Lyons (c. 830), who
was the first editor of Bede, that of Hrabanus Maurus,

iin attempted further improvement on Bede and Fiorus,

that of Ado, an enlargement of Fiorus, but based on the

Piirraui Mniii/ro/uyiiim Jiomanum, thatof Usuard of Pari.s,

the epitomizer of Ado, and that of Notker of St Gall, based

on Ado and Hrabanus. Thp Marti/rolor/him Honunittm

was published by Baronius at the command of Pope

Gregory XIII. in 1586 ; the enlarged edition by Rosweyi
appeared at Antwerp in 1613. Tho Cistercian Martyrology

appeared at Rome in 1733 and 1748. The best-known

Greek ifendloijion is that prepared in the 9th century by

command of the emperor Basilius Macedo ; it was edited

in 1727 by Cardii.al Hannibal Urbini. An ancient Syriac

martyrology, entitled "the names of our lords the martyrs

and victiirs, with their days on which they won crowns.'

written in 412, has been edited, with an English transla

tiuii, by Professor W. AVriglit, in tho JuiiiikU i>J Hawtd
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Litnature (186C). See Catal Syr. MSS. Br. Mtis., ii.

632.

M/VRULLUS, Michael Tarchaniota {oh. 1500), one

of the most brilliant scholars of ths gohlen age of Florentine

learning, was born at Constantinople, and at an early age,

on the fall of his native city, was brought to Ancona in

Italy, where he became the friend and pupil of Pontanus,

with whom his name is associated by Ariosto (Oil. Fur.,

Ixxxvii. 8). He was a soldier and a poet, and in the

latter capacity published epigrams and hymni nalurales.^

Marullus took no part in the work of translation, then so

favourite an exercise of scholars, but he was understood to

be planning some great work when he perished, 10th April

15U0, in the river Cecina near Volterra. Of other incidents

in his life his feud with Politian and his marriage to the

beautiful and learned Alexandra Scala, whom he praises in

his poems, may be noticed. The name of Marullus is now
perhaps most familiar from the brilliant emendations on

Lucreiius which he left unpublished, and which were used

for the Juntine edition. See especially Munro's Lucretius,

2d ed , p. 6 sq.

MARUM (in Dutch Makwm), JfARTiN Van (1750-

1837), a distinguished Dutch man of science, born at

Delft. Though his fame rests chiefly on his electrical

researches, he took a prominent position in many depart-

metits of natural science. He graduated at Groningen
in medicine and philosophy, and his numerous papers

take up subjects connected with botany, chemistry,

hygiene, natural history, aad technology, as well as with

his more special department, natural philosophy. In early

life his father, who was a skilled mathematician, gave him
a thorough tralnins; in the one really indispensable science.

'After his doctorate ha for some time attached himself to

the celebrated botanibi Camper. Ha then commenced
medical practice in Haarlem, but seems to have been too

il^usy with original work to pay proper attention to his

numerous patients. He devoted himself mainly to lectur-

ing on physical subjects ; and, after a brief interval, his

extensive knowledge and methodical habits led to his

being made secretary of the scientific society of his adopted

city. For this post he was specially fitted ; and, under

Lis active guidance, the society was advanced to the

position of one of the most noted in Europe. He soon

became professor of physics, and was entrusted with the

care of the celebrated Teyler collection (now the Musee
Teyler). He caused to be constructed for this, by
Cuthbertson, the gigantic electrical machine which, for

a long period, was the most powerful in th3 world.

He also effected great improvements in air-pumps and
uther pneumatic machines. Though his name is not
associated with any discovery of the very first order, the

number and variety of his researches (especially in con-

nection with electricity) are remarkabla So also is the

practical mode in which he regarded his results, alwaj-s

when at all possible from ths technological point of view.

The work by which he is best known is his Treatise on
Electricity (Groningen, 1"7C), in which all that had then
been discovered in that science was carefully methodized.
Van Marum was a man of quiet but active disposition,

and of simple habits and tastes, which probably conduced
i^no small measure to the extreme length and usefulness

of his life.

MARUTSE-MABUNDA, a kingdom in South Africa,

stretching from 18° to 14° 25' S. lat. and from about 22°

to 28° 25' E. long., with an area estimated at 123,590
square miles. It all belongs to the basin of the Zambesi,
and by far the greater proportion lies to the north of that

' Two books of epi.CT,ims appeared first without date ; an enlarged
edition, -nitli two additional books, piAlislied in ]4C7, coutaius also
the so-called liymix^

river, which forms it3~south-eastern boundary from the
mouth of the Linyanti to the mouth cf the Kafue, a dia-

t:Hicc of about 350 miles. The kingdom thus includes

the main part of the territory formerly subject to the
Makololo empire, which broke up on the death of Sekeleta

in 18G4. Of country and people Dr Holub gives a very

favourable report. Abundance of water, a fertile soil, and
a genial climate render easy the work both of husbandry

and cattle-breeding. The chief crop is Kaffre corn, red

and white ; the hemp-like klcen-korn or rosa, maize, wat<jr-

melous, sugar-cane, ground-nuts, two kinds of beans, and
vi'iiiia are also cultivated. "September and October

are the usual months for sowing ; but gourds, leguminous

plants, and tobacco are sown any time up to December,
the growth of the two latter crops being so rapid that they

often ripen by January, whilst Kaffre corn and maize are

ready by February." Upwards of fifty kinds of wild fruit

are used by the people as food. Salt has to be imported,

and is consequently within the reach only of the wealthier

classes. Besides the two great tribes which give their

name to the kingdom, there are a large number of vasiil

tribes of numerical importance—JIasupias, Matoui^as,

Makalakas—all considered in the light of slaves by the

rulers. The prevailing language is the Sesuto of the

nearly extirpated Makololos. See Holub, Htveii Yejrs in

South Africa, 1881.

MARVELL, Andrew (1621-1678), was born on
JIarch 31, 1621, at the parsonage of AVinestead ia

Holderness. He was educated at Hull grammar school

by his father, who had obtained high position in that

town, until his admission to Trinity College, Cambridge,

on December 14, 1633. There he became ensnared by
the Jesuits, who at that time were keen to secure youths

of promise at the universities, and by them, probably in

the beginning of 1638, was taken to London ; but he was
recaptured by his father, and again received into Trinity

on April 13 of the same year. He appears to have con-

tributed to the Musa Cantabrir/iensis in 1637; and beyond
this nothing is known or even coiyectured as to his coUega
career. In 1640 his father was drowned under remarkable

circumstances, an event which appears to have entirely

unsattied him, for by an entry in the College Conclusion

book, dated September 24, 1641, we find that he was
adjudged by the seniority to have forfeited the beneSts

of the college. He used his liberty during the next four

years to travel through the Continent, remaining abroad

until 1646. It has been assumed that during this journey

Marvell became acquainted with Milton, but a comparison

of dates .shows that this is an error. His first employment
was in 1650, as tutor to'Lord Fairfax's daughter. During
his stay at Nunappleton were written the Poems of the

Country and some of the Poems of Imagination and Love.

In 1652 he was in communication with Milton, to whom he
had probably been introduced by Fairfax, and was by him
sent on February 21 to President Bradshaw with a letter

urging his appointment as assistant Latin secretary to

himself. The post was, however, otherwise filled up, and
he was provided instead with another tutorship, thai of

Cromwell's nephew, Mr Dutton. This has been wrongly

stated by several writers as not occurring until six years

later. In 1657 the secretaryship again fell vacant, and

was then tonferred upon him, but he held office for s

year onl}', and no record of his work appears in the caleodai

of state papers. Jlarvell accepted the Commonwealth as :

practical fact, and the rule of Cromwell as the only guarantei

for government at once tolerant and strong. But he neve

lost his belief in the monarchical theory. His line " 'Ti

godlike good to save a falling king " is well known ; am
throughout his most vehement invectivp against corruptioi

there is a great tenderness and desire to spare the king
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XT\a utuiisrauv secretaryship opened tbe way to public life,

•Dd in 165S Marvell was elected member for Kingston-

(ipon-HuU in Eicliard Cromwell's parliament. From
1663 to ll)G5 he a;'cJ as cecretary to Lord Carlisle's

embassy to Muscovy, Sweden, and Denmark; nua tliis is

the only official post ho ever > filled during tho reign

of Charles. With tho exception of this and of shorter

nnexplained intervals of travel, Marvell was constant in his

parliamentary^ attendance to' tha day of his death. He
seldom spoke in tho House, some five or six times in all,

but his parliamentary influenco is amply established by

other evidence; and lii« correspondence with his con-

stituents, from 1 G60 to 1 678, forms a source of information

all tho more valuable because by a resolution passed at the

Restoration the publication of the proceedings of the House

•without leave was forbidden. He made it a point of duty

to write at each post—that is, every two or three days

—

both on local interests and on all matters of public interest.'

Tho discreet reserve of these letters, natural at a time

when tha post-office was a favourite source of information

to the Government, contrasts curiously with the freedom

of the few private letters which state opinions as well as

facta. Marveli's constituents, in their turn, were not

lUimindful of their member. Ho makes frequent references

to their presents, usually of Hull ale and of salmon, and

he regularly drew from them the wages of a member, sis

and eightpcnce a day during session.

During these years Marvell wrote a good deal of verse,

chiefly satire, often very coarse, but always vigorous and

full of an honest hatred at corruption. He chose verse

merely as being the usual vehicle of satire, and cared

little about form. " He plucked a cudgell from the nearest

Ledgerow, careless if it became fuel after it had served

his turn." It was very different with his prose satires.

His peculiar talent was first displayed in -the mock King's

Speech, issued in 1675. This is wfitten in a vienof genial

banter, perhaps the greatest tribute to the influence which

the bonhomie of Charles exercised even over such men
as MarvelL' But his tone soon changed, and The Groiuth

ofPopery and. Arl'drary Power, published in the year of his

death, is a grave indictment of the conduct of ministers of

the crown, and, by implication, of Charles himself, since

the Restoration. So shrewdly did this strike the conscience

of the king that a proclamation, of which JIarvell takes

laughing notice, offered a large reward for the discovery of

the author.

As a political pamphleteer Marvell holds a high place
j

as a satirist he stands still higher. Tolerance in religion

was his creed, and this creed had been lately attacked by
a clergyman seeking promotion, Dr Parker, afterwards

bishop of Oxford, who asserted in their most extravagant

form the claims of the civil magistrate over the consciences

of subjects in matters of external religion. Marveli's reply.

The Rehearsal Transprosed, is a masterpiece of prolonged

banter. It contains passages of lofty indignation, hearty

laughter, coarse vituperation ; but the prevailing tone is

that of grave and ironical banter. The effect, as witnessed

to by Anthony Wood, Burnet, and other contemporary

writers, was to set the whole public " from the king to the

tradesman " in a laugh against Parker. This stung him
to an ill-tempered rejoinder, affording Marvell a second

opportunity, of which he availed himself so well that no
more was heard from his opponent ; and Swift was shortly

afterw.irds able to say that peoplo remembered Parker's

book only by Marveli's answer. Marveli's second con-

troversial work, Mr Smirkc, or the Divine in Modf, was
written in tho same strain and under similar circumstances,

and obtainci a success fully equal to that of the

Rehearsal Ti\'nsprosed. It was a defence of Croft,

bishop of Hereford, against a violent attack by Dr Turner,

the High Church master of &t John's, Cambridge. Prefixed

to it was a "short historical essay concerning genera]

councils," intended to show the folly of religious imposi-

tions. Sevoral other writings, often ascribed to him, more
especially llie Parliamenti Anglix Declarafio, A Sensible

Question and an tJseftdl Ansioer, and IhQ Flagellum Parlia-
mentariiim, were certainly not his.

As a humorist, then, and as a great "parliament man;"
no name is of more interest to a student of the reign of

Charles If. than that of JIarvell. Bui other qnalitiea

entitle liim tc still higher respect. To a personal charm
80 great, to wit so brilliant, to learning so extensive, and
to sympathies so wide that lie was at tho same time dear

to John Milton and courted by Charles II., he joined the

rarest quality of that evil time, a robust and intrepid

rectitude. In the very heyday of political infamy, at a
time when he saj-s passionately " ^'e are all venal cowards

except some few," and when opposition to the court was
likely to be resented by personal violence of the brutalest

kind, he, a needy man, obliged to accept wages from his

constituents, tempted in winning phrases from royal lips

by his old schoolfellow Danby, and with. nothing to gain

from the court by purity, kept his political virtue unspotted

and unsuspected. The meaning of this fact can barely be

felt by any one who has not read with minute care the

annals of that time. When the grossest forms of self-,

indulgence were the ordinary habits of town life, Marvell

was a temperate man, in spite of Aubrey's witness that he

"kept bottles of wine at his lodgings and would drink

liberally by himself to refresh his spirits and exalt his

muse." Lastly, in the worst times of parliamentary vio-

lence, he stood forward throughout his career as the

champion of moderate and tolerant measures. His person

corresponded singularly with his mind, so far as can be

judged from the portrait by Hannemann and from tha

few words of John Aubrey—" He was of a middling

stature, pretty strong set, roundish faced, cherry cheeked,

hazel eyed, brown haired. In his conversation he was
modest and of very few words."

He died suddenly in 1678 on his return from Hull to

take his seat in August. That he was poisoned, and at

the instigation of the court, has been roundly asserted,

naturally enough, though without the slightest foundation.

The matter has been finally set at rest by a very interesting

letter by Dr Samuel Gee in the Alhenxiini for March 7,

1874.

Tho following works may be consulted on Marvell :

—

Life and
Works—(1) by Thomas Cooke, 2 vols., 1726 (thero is a reprint by
Thomas Davics in 1772) ; (2) by Captain Thomson, 3 vols. 4to,

1776 ; (3) by John Dove, 1832 ; (4) by Edwin Paxton Hood, 1853 ;

and essays by Hartley Coleridge in Lives of'the Nortlurn Worthier
Henry Kogers in his collected Essays, and an anonymous author in

tho Corn/nil Magazine for July 1869, and in tho Satur-day Review
for April 26, 1873. All these authorities are mentioned, collated,

and corrected in the very important and laborious work of llr

Grosart, nhose book, in spite of its excessive mannerism aiid one
or two curious inaccuracies, is indispensable to the student of

Marveli's correspondence and career. (0. A.

)

MARWAR See Jodhpur.
MARY 1 (Mapi'a, Ma/5(a'/x), the mother of Jesus, at the

time when the gospel history begins, had her home in

' TIio name (Heb. D^'IO), that of tho sister of JIoscs and Aaron, ii

of uncertain etymology ; many interpretations have been snggestcd,

iiicUuling " Stella maris," which, though it has attained considerable

currency through Jerome (the Onomasticon), may be at once dismissed.

It scctns to have been very common among the Jews in New Testament

times ; besides the subject of the present notice there are mentioned

(1) "M.iry (tho wife) of Clopas," who was perhaps the mother of

James "the little" (4 n{Hp6s) and of Joses (see vol. xiii. pp. 662,

fiSS); (2) Mary Magdalene, i.e.. of Magilala ; (3) Mary of Bethany,

si^tl•r of Murthii and Lazaius
; (4) Mary the mother of Mark (see

Mauk) ', and (5) Mary, an otherwise unknown bencCacti-ess of tin

apostle Paul (Kom. xvi. 6).
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3alilee, at the village of Nazareth. Of her parentage
I othing is recorded Iq any extant historical document of

he 1st century, for the genealogy in Luke iii. ('/. i. 27)
is manifestly that of Joseph. In early life she became the

wife of Joseph (q.v.) and also the mother of our Lord (see

Jiius ') ; that she afterwards had other children is a

natural inference from Matt. L 25, which the evangelists,

who frequently allude to " the brethren of the Lord," are

at no pains to obviate. The few incidents mentioned in

Scripture regarding her show that she followed our Lord
to the very close of His earthly career with unfailing

itiotherliness, but the "MaguiQcat" assigned to her in

Ljke i. is the only passage which would distinctly imply
on her part a high prophetic appreciation of His divine

mission. She was present at the crucifi.xion, where she

was commended by Jesiis to the care of the apostle John,

(John xix. 25, 27), Joseph having apparently died before

this time. (It would be idle to inquire why " the brethren

of the Lord," who, whatever their relationship to Mary,
must at least have been nearer than John, were ifri'ored in

this arrangement.) Mary is mentioned in Acts L 14 as

having been among those who continued in prayer along

with the apostles at Jerusalem during the interval between

the ascension and pentecost. There is no allusion in the

New Testament to the time or place of her deatL
The subsequent growth of ecclesiastical tradition and

belief regarding Mary will be traced most conveniently

under the separate heads of (l)her perpetual virginity, (2)

her absolute sinlessness, (3) her peculiar relation to the

Godhead, which specially fits her for successful intercessiou

on behalf of mankind.

Her Perpetual Vtryinity.—This doctrine, as has already

bsen pointed out, was, to say the least, of no importance

in the eyes of the evangelists, and so far as extant writings

go there is no evidence of its having been anywhere taught

within the pale of the catholic churcb of the first three

centuries. On the contrary, to Tertullian the fact of

Mary's marriage after the birth of Christ is a useful argu-

ment for the reality of the Incarnation against Gnostic

notions, and Origen relies upon the references to the Lord's

brethren as disproving the Docetism with which he had to

lontend. The au-rrapOivCa., though very ancient, is in reality

a doctrine of non-catholic origin, and first occurs in a work
proscribed by the earliest papal Index Libroruni Prohibi-

torum (attributed to Gelasius) as heretical,—the so-called

Protevangeliiim Jacob!, written, it is generally admitted,

within the 2d century. According to this very early

source, which seems to have formed the basis of the later

Liber de Infantia Marix et C/irisli Sulvatoru and Evan-
geliitm de Xativilaie Mariee, the name of Mary's father

was Joachim (in the Liber de Infantia a shepherd of the

tribe of Judah, living in Jerusalem) ; he had long been
married to Anna her mother, whose continued childlessness

had become a cause of much humiliation and sorrow to

them botL The birth of a daughter was at last angelically

predicted to each parent separately. From her third to

her twelfth year " Mary was in the temple as if she were

a dove that dwelt there, and she received food from the

hand of an angel" When she became of nubile age a
guardian was sought for her by the priests among the

widowers of Israel " lest she should defile the sanctuary of

the Lord"; and Joseph, an elderly man with a family, was
indicated for this charge by a miraculous token. Some
time afterwards the annunciation took place ; when the

' Tol. liii. 656 ig., where (p. 659) sufficieut reference is made to the

coarse vi^w of this event taken by the later hostile Judaism (a view

•apposed by some to be alliuled to even in John viii. 41). We leun
Irom Origen that the story about the soldier Panthera (^ap0^pa) was
Iready upheld by Celsus. The Ebionite^; and oilier heretical sects, as is

well known, maintained the p.^teruity of Jo^eiih.

Virgin's pregnancy was discovered, Joseph ana she were
brought before the high priest, and, though asserting their

innocence in all siiieerity, were acquitted only after they
had been tried with " the water of the ordeal of the
Lord" (Numb. v. 11). Numerous details regarding the

birth at Bethlehem are then given. The perpetual

physical virginity of Mary, naively insisted upon in this

apocryphon, is alluded to only with a half belief and
a "some say" by Clement of Alexandria (Strom., vii.

16), but became of much importance to the leaders

of the church in the 4 th century, as for example to

Anibrose, who sees in Ezek. xliv. 1-3 a prophetic indica-

tion of so great a mystery.- Those who continued to

believe that ilaiy, after the miraculous birth of Jesus, had
become the mother of other children by Joseph came
accordingly to be spoken of as her enemies,—Antidicoma-
rianita; (Epiphanius) or Antidicomaritae (Augustine),

—

and the first-mentioned author devotes a whole chapter

(chap. 78) of his great work upon heresies to their con-

futation. For holding the same view Bonosus of Sardica

was condemned by the synod of Capua in 391. To
Jerome the perpetual virginity not only of Mary but even
of Joseph appeared of so much consequence that while a

yOung man he wrote (387) the long arid vehement tract

Ar/ainst Heloidius, in vhich he was the first to broach the

theory (which has since gained wide currency) that the

brethren of our Lord were children neither of Mary by her

husband, nor of Joseph by a former marriage, but of another

Mary, sister to the Mrgiu and wife of Clopas or Alphieus.

At last the epithet of del n-apOivo'; was authoritatively

applied to the Virgin by the council of Chalcedou in 451,

and the doctrine implied has ever since been an undisputed

point of orthodoxy both in the Eastern and in the Western

church, some even seeking to hold the Anglican Church
committed to it on account of the general declaration (in

the Homilies) of concurrence in the decisions of the first

four general councils.

Her Absolute Sinlessness.—^Vhile much of the apocryphal

literature of the early sects in which she is repeatedly

spoken of as " undefiled before God " would seem to

encourage some such doctrine as this, many passages from

the acknowledged fathers of the churcli could be cited to

show that it was originally quite unknown to Catholicism.

Even Augustine repeatedly asserts that she was born in

original sin(De Gen. ad lit., x. 18) ; and the locus classi-us

regarding her possible immunity from actual transgression,

on which the subsequent doctrine of Lonibardus and his

commentators was based, is simply an extremely guarded

passage {De Nat. et Graf., chap. 3C) in which, while con-

tradicting the assertion of Pelagius that many had lived free

from sin, he wishes exception to be made in favour of "the

holy Virgin Mary, of whom out of honour to the Lord I

wish no question to be made where sins are treated of,—for

how do we know what mode of grace wholly to conquer sin

may have been bestowed upon her who was found meet to

conceive and bear Him of whom it is certain that He had

no sin," A writer so late ^s Anselm (Cur Denx Homo, u.

16) declares that "the Virgin herself whence He (Christ)

was assumed was conceived in iniquity, and in sin did her

mother conceive her, and with original sin was she born,

because she too sinned in Adam in whom all sinned." and

the same view was expressed by Damiao. The growth of

the modern Eoman doctrine of the immaculate conception

from the time in the 12th century when the canons of Lyons

sought to institute a festival in honour of her "holy con-

ception," and were remonstrated with by Bemai-d, has been

already sketched elsewhere (see I.mmaculate Co.NCi^rTloN ).

' De Inst. Viri)., " qua; (-.t h:ic jxirta iiisi Maria ! . . . J«f quim
Chri-itus intravit in huuc niunduni, quIu^tQ yirgiuull fa\ak e»t vrto ii

genitalia virginitaUs cl4U:>tra uua solvit."
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The epithets applied to hot in the Greek Church are such

as d/ioAui'Tos, TraKoyios, ayi'a ; but in the East generally no

clear distinction is drawn between immunity from actual

sin and original sinlessness.

Her Peculiar Rdadon to the Godhead, which specially

fiU herfor Successful Intercession on Behalf of Mankind.—
It seems probable that the epithet ^tordico? (" Mother

of God") was fii-st applied to Mary by theologians of

Alexandria towards the close of the 3d century ; but it

does nol occur in any genuine extant writing of that period,

unless we are to assign an early date to the apocryphal

Transitus i/aricr, in which the word is of frequent occur-

rence. In the 4th centurj' it is met with frequently, being

used by Eusebius, Athanasius, Didymus, aud Gregory of

Nazianzus,—the latter declaring that the man who believes

not Mary to have been ^cotokos has no part in God (Oral.,

li. p. 738).' If, as is not unlikely, its use was first recom-

mended by a desire to bring into prominence the divinity

of the Incarnate Word, there can be no doubt that latterly

the expression came to be valued as directly hono\irable to

Mary herself and as corresponding to the greatly increased

esteem in which she personally was held throughout the

catholic world, so that, when Nestorius and others began

to dispute its propriety in the following century, their

temerity was resented, not as an attack upon the established

orthodox doctrine of the Nicene creed, but as threatening a

more vulnerable and more tender part of the popular faith.

It is sufficient in illustration of the drift of theological

opinion to refer to the first sermon of Proclus, preached on
a certain festival of the Virgin (n-aiiTyupt? mpOaaKi^) at

Constantinople about the year 430 or to that of Cyril of

Alexandria delivered in the church of the Virgin Mary at

the opening of the council of Ephesus in 431. In the

former the orator speaks of " the holy Virgin and Mother
of God " as " the spotless treasure-house of vii^inity, the

spiritual paradise of the second Adam ; the workshop
in which the two natures were welded together . . . .

the one bridge between God and men";^ in the

latter she is saluted as the "mother and virgin,"

"through v,hom (&' »;?) the Trinity is glorified and
worshipped, the cross of the Saviour exalted and honoured,

through whom heaven triumphs, the angels are made glad,

devils driven forth, the tempter overcome, and the fallen

creaturs raised up even to heaven." The response which
snch language found in the popular heart was .sufficiently

shown by the shouts of joy with which the Ephesian mob
heard of the deposition of Nestorius, escorting his judges
with torches and incense to their home?, and celebrating

the occasion by a general illumination. The causes which
in the course of the preceding century had led to this

exaltotion of the ilother of God in the esteem of the

catholic world are not far to seek. On the one hand the

solution of the Arian controversy, however correct it may
have been theoretically, undoubtedly had the practical effect

of relegating the God-man redeemer for ordinary minds into

a far away region of " remote and awful Godhead," so that

the need for a mediator to deal with the very Jlediator

could not fail tabe felt. On the other hand, it must bo

accepted as a fact abundantly ))roved by history that the
religious instincts of mankind are very ready to pay
worship, in grosser or more refined fonnn, to tho idea of

womanhood
; at all events many of those who became

professing Christians at tho political fall of paganism
entered the church with such instincts (derived from the

' P(e Gii-sckT {KG., Bil. s. Abth. 1), wlio points out inst.ini-es in

«Iiich .inti-Aiiniiizing zjeal went so far as to call Dnviil 9(oiriiTnp, and

l.ililiO, Cone, vol. lii. p. 51. Considoralilc rxtincts are j.'ivcn by
August! (n.iitir. iiL); see also Miliijan {Uit. Christ., i, 185), wlio
charactcri/ci much of it aa. a "wild labjriutti of uutiaiiiiat.ililc

UKlflphev."

nature-religions in which they liad been brought up) very

folly developed. Probably it ought to be added that the

comparative colourlessness with which the character oi

Jfary is presented not only in the canonical gospels but

even in the most copious of the apocrypha left greater

scope for the untrammelled exercise of devout imagination

than was possible in the case of Christ, in the circumstances

of whose humiliation and in whose recorded utterances

there were many things which the religious consciousness

found difficulty in understanding or in adapting itself to.

At all events, from the time of the council of Ephesus, to ex-

hibit figures of the Virgin and Child became the approved ex-

pression of orthodoxy, and the relationship of motherhood
in which Mary had been formally declared to stand to God^
was instinctively felt to give the fullest and freest tanction

of tlie church to that invocation of her aid which had
previously been resorted to only hesitatingly and occasion-

ally. Previously to the council of Ephesus, indeed, the

practice had obtained complete recognition, so far as we
know, in those circles only in which one or other of the

numerous redactions of the Transitus Marix passed

current'' There we read of Mar3'8 prayer to Christ :
" Do

Thou bestow Thine aid upon every man calling upon, or

praying to, or naming the name of Thine handmaid"; to

which His answer is, " Every soul that calls upon thy name
shall not be ashamed, but shall find mercy and support

and confidence both in the world that now is and in

that which is to come in the presence of My Father in

the heavens." But Gregory of Nazianzus also, in his

panegyric upon Justina, mentions with incidental approval

that in her hour of peril she " implored JIary the Virgin

to come to the aid of a virgin in her danger."^ Of the

growth of the Marian cultus, alike in the East and in the

West, after the decision at Ephesus it would be impo.ssible

to trace the history, however slightly, within the limits of

the present article. Justinian in one of his laws bespeaks

her advocacy for the empire, and ho inscribes the high altar

in the new church of St Sophia with her name. Narses

looks to her for directions on the field of battle. Heraclius

bears her image on his banner. John of Damascus speaks

of- her as the sovereign lady to whom the whole creation

has been made subject by her son. Peter Damian recog-

nizes her as the most exalted of all creatures, and apostro-

phizes her as deified and endowed with all power in heaven

and in earth, yet not forgetful of our race.* In a word,

popular devotion gradually developed the entire system of

doctrine and practice which Protestant controversialists

are accustomed to call by the name of Mariolatry. With
reference to this much-disputed pihrase it is always to be

kept in mind that the directly authoritative documents,

' TJie term 6foTu<coj does not actually occur in the canons of Ei'liesiis.

It is fouufl, liowever, in tlie creed of Clialcodon,
* It is tnie tluit IrciCTUs (liter., v. 19, ]) in tlie passage in wliidi lie

draws iiis well-known parallel .and coiiti-\st Ijetwcen the lirsl and second

Eve (conip. Justin, DM. c. Tr;ii>h., 100), to tlic elTcct that, "as the

human raee fell into bomlage to ilcath l>y a virp:iii, so is it roscucil hy
a virgin," takes occasion to speak of ^lary as the " advocata '* of Eve ;

but it seems eeilain that this wonl is a tiauslation of the Greek
crvf-fryopos, and implies hostility and reliuke r.ithc r th.an .advocacy.

^ It is ]>robable that the coinmeniorations and invocations of the

VirgiQ which occur in the jircsent texts of the ancient liturgies of "St
James" ami "St Mark" are due to intcrpol.alion. In this cnniicxioii

ought aUo to be noted the chapter in Eiiiphanius (//.r/*., 79) against

the "Collyridians," certain women in Thrace, Scythia, and Aitibia,

who were in the habit of woiNhippiiig the Virgin (del TofBifov) as a
goddess, the ofTeiingof a cakc{icoAAiipi5o riva.) being one of the features

of their wcnship. He i-cbukes them lor i>ITei'ingthc woashij) which was
due to the Trinity alone; "let Jlniy be held in lionnur, but by no
meaiiH woi-shipped." The culliis was jjiub-nbly a ivljc of Iicatliciiis'v ;

comjiaiT JeiTin. \liv. 19.

• "Xuni'iuid 'piia ita deilicata,'ideo r.ostRC hiiniaiiit.ttis oblita cs?
Ncqua'piam, Domin.n. . . . Data e.,l lib! omnis potcst.is in cado ct in

terra. Nil tibi impovsibilc " Serin, de Naliv. M.-iiij?, ap Cicseiyi
K<J., VA. ii. Abth. 1.
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aHko of tlie GrceVanJ of thelloraan Church, distinguish

formally between "latria" and^'dulia," and declare that

the " worship " to be paid to tho mother of God must never

exceed that superlative degree of "dulia" which is vaguely

described as " hyperdulia." Ou the other hand, it must be

remembered that tho comparative reserve shown by the

council of Trent in its decrees, and even in its catechism,'

on this subject has not been observed by individual

theologians, and in view of the fact of the canonization of

some of these (such as Liguori),—a fact guaranteeing the

absence of erroneous teaching from their writings,—it

does not seem unfair to hold the Roman Church respon-

sible for the natural interpretations and just inferences

which may bo drawn eveu from apparently exaggerated

expressions in such works as the well-known Glories of

Mary and others frequently quoted in controversial litera-

ture. A good r^;um(i of recent Catholic developments of

the cultus of Mary is to be found in Pusey's Eirenicon.

Tlic following are the priuuiijal feasti of the Virgin in the opler

ill whitli they occur in the ecclesi.nstical year. (1) That of tho

Pieieutatiou {Prscsculntio B. V. Jf., ra eiV<!Sia t5i BforSKOv),

to commeinoiatc the beginning of her stay in tlie temple, as

leconlccl in the Prolan tg'liun Jacobi (see ahove). It is be-

lieved to have originated ia the East sometime in the 8th cen-

tuiy, tlie earliest allusion to it being made by George of

>'uoinelia (9th century); Manuel Comnenus made it universal

lor tho Eastern empire, and in the modern Greek Church it is

one of the five great festivals in honour of the Deipava. It was

introduced into the 'Westein Church bto in the 14th century,

end, after having been withdrawn from the calendar by Pius V., was

restored by Si.ttus V., the day observed both in East and West being

'Kovember 21. It is not meutioued in the English calendar. (2)

Iho Feast of the Conception {Conccptio B. V. M., Conccptio Ini-

nrxcidali B V. M., tTuK\r,<fiis rns aylas''Avyris), observed by tho

lionian Catholic Church on December 8, and by all the Eastern

chiirrheson December 9, has alieady been explained (see Immacu-
late CoNcrrTiON) ; in the Greek Church it only ranks as one of

the middle festivals of ilary. (3) Tho Feast of the Purification

(Uaid-scs, Otitntio, Prascdatio, Fcstum SS. Simconis et Anna;,

Pitnficalio, Canddaria, iiravaini,, uTavTrt) is otherwise known as

C.vnLi-EMas (^.r.). (4) The Feast of the Annunciation of tliu

Viigiu '^lary ' AnnuTMatio, ZiiayyiKKjixos); see Anxu.n'CIAtiom. It

may bt mentioned that at the Toledan council in 656 it was decreed

that this festival should be observed on December 18, in order to

keep clc ir of Lent. (5 The Feast of the Visitation (risjta;i0.e. V.

3f ) was instituted by Urban VI., promulgated in 1389 by Boniface

IX , and reappointed by the council of Basel in 1441 in commemo-
ration ot the visit paid by JIary to Elizabeth. It is observed on

July 2, and Las been retained in the English calendar. (6) The
Fea.«t of the Assumption (Dormitio, Pausatio, Transitiis, Sqiosllio,

ihrjratio, Aisu^njitio, Koiyu»!(ri$, lifTacrTaffis, icaATjil/is) has reference

to the apocryphal story related in several forms in various docu-

ments of the 4lh century condemned by Pope Gelasius. Their

pencial purport is that as the time drew nigh for " the most blessed

Virgin (who is also spoken of as " Holy Maiy," "the queen of all

the saints," " the holy spotless Mother of God ) to leave the world,

the ajjostles were miraculously assembled round her deathbed at

Bethlehem on the Lord's day, whereupon Christ descended with a

midtitude of angels and received her soul. After " the spotless and

precious body " had been laid in the tomb, " suddenly there shono

round them (the apostles) a miraculous light," and it was taken up
into heaven. The first Catholic writer who relates this story is

Gregory of Tours (c. 590) ; Epiphanius two centuries earlier had
tlcclared that nothing was known as to the circumstances of Mary's

death and burial ; and one of the documents ot the council of

Ephesus implies a belief that she was buried in that city. The
Sleep of the Theotokos is observed in the Greek Church as a great

'festival on August 15 ; the Armenian Church also commemorates it,

»-'>' . 1

I

' '

Tlie points taught in the catecliism are—that she is truly viie

brother of God, and the second Eve, by whose means we have received

blessing and life ; that she is the Mather of Pity, and very specially

our advocate ; that her merits are highly exalted, and that her dis-

positions towards us are extremely gracious ; that her images are

of the utmost utility. In the Missal her intercessions (though

alluded to in the canon and elsewhere) are seldom directly appealed

to except in the Litany and in some of the later offices such as those for

September 8, and for the Festival of the Seven Sorrows (decreed by
Benedict XIII. in 1727). Noteworthy are the versicles in tlie office

for December 8 (Tlie Feast of the Immaculate Conception), "Tota
pukhra es, Maria, et macula originalis non est in te," and "Gloi'iosa

dicta sunt da te, Maria, quia fecit tibi magna c^ui potens eot"

but the F.tliiopic Chuuh celebrates licr ilc.illi and burial on two
scp.iiato days. The earliest allusion to the existcijcc of such a

festival in tho 'Western Church seciiis to be that found in the pro-

ceedings of the synod of S.ilzbuig in 800; it is alsospoken of in tlio

thirty-sixth canon of the lefoniiing synod of Mainz, held m 813. It

was not, however, nt that time niiivcrs.Tl, being mentioned as

doubtful in the capitularies of Charlemagne. It ought to be
observed that the doctrine ot the bodily assumption of the Virgin

into heaven, although extensively believed, and indeed flowing as

natural theological consequence from that of her sinlessness, lias

never been declared to be " de fido" by the Church of Kome, and
is still nieiely n. "pia Eciitentia." (7) The Nativity of jfary

(Kathilns, y(viB\iov ttis Siotokov), observed on September 8, is

first mentioned in one of the homilies of Andrew of Crete (c. 750),

and along w itli the feasts of the Purification, the Annunciation, and
the Assumption, it was appointed to be observed by the synod of

Salzburg in 800, but seems to have been quite unknown at that

time in the Galilean Church, and even two centuries later it was bv
no means general in Italy. In the Roman Church a large number
ot minor festivals in honour of the Virgin are locally celebrated ;

and all the Saturdays of the year as well as the entire month of May
are also regarded as sacred to licr. (J. S. BL.)

MARY I., queen of England (1516-1558), tinpleasantly

remembered as " the Bloody Mary " on account of tho

religious persecutions sanctioned nader her reign, was a

woman whose private history demands no less compassion

than her policy as queen (if indeed it was her own) merits

the condemnation of a more humane and tolerant age.

She was the daughter of Henry VIII. and Catherine of

Aragon, born in the earlier years of their married life,

when as yet no cloud had darkened the prospect of Henry's

reign. Her birth occurred at Greenwich ou Monday the

18th February 1516, and she was baptized on the following

Wednesday, Cardinal Wolsey standing as her godfather.

She seems to have been a singularly precocious child, and
is reported in July 1520, when she wasljttle more than

four years of age, as entertaining some visitors by a

performance on the virginals. AVhen she was little over

nine she was addressed in a complimentary Latin oration

by commissioners sent over from Flanders on commercial

matters, and replied to them in the same language " with

as much assurance and facility as if she had been twelve

years old" (Gayangos, iii. pt. 1, 82). Her father, against

whom it cannot be said that he depreciated learning, had
taken care to give her an excellent education, and was

proud of her achievements. About the same time that

she replied to the commissioners in Latin he was arranging

that she should learn Spanish, Italian, and French. A
great part, however, of the credit of her early education

was undoubtedly due to her mother, who not only con-

sulted the Spanish scholar Yives upon the subject, but was
herself Mary's first teacher in 'Latin. She was also well

instructed in music, and among her principal recreations as

she grew up was that of playing on the virginals and lute.

It was a misfortune that she shared with many other

high-born ladies in those days that her prospects of life

were made a matter of sordid bargaining from the firsL

Political alliances to be cemented by marriages between

persons who were at the time mere infants— or perhaps,

more shameful still, between a child and a superannuated

debauchee—are among the most repulsive features of the

times. Mary was little more than two years old when she

was proposed in marriage to the dauphin, son of Francis

I. i'hree years afterwards the French alliance was broker,

off, and she was affianced to her cousin tho young emperor

Charles V. by the treaty of Windsor. No one, perhaiis,

seriously expected either of these arrangements to endure ;

and, though we read in grave state papers of some curious

compliments and love tokens (really tho mere counters of

diplomacy) professedly sent by the girl of nine to the

powerful cousin whom she had never seen, not many years

passed away before Charles released himself from this

engagement and made a more convenient match. In 1526

i a rearrangement was made of the royal household, and i(
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was tnougQC rignt tc. give Mary an establishment of her

^wn along with a council on the borders of Wales, for the

tetter government of the Marches. For some years she

accordingly kept her court at Ludlow, while new arrange-

ments were made for the disposal of her hand in connexion

with the latest turn in the tortuous game of diplomacy.

Sho was now proposed as a wife, not for the dauphin as

before, but for his father Francis I., who had just been

redeemed from captivity at Madrid, and who was only too

glad of an alliance with England to mitigate the severe

(jonditions imposed on him by the emperor. Wolsey, how-

ever, on this occasion, only made use of the princess as a

bait to enhance the terms of the compact, and left Francis

free in the end to marry the emperor's sister.

It was during this negotiation, as Henry afterwards

pretended, that the question was first raised whether

Henry's own marriage with Catherine was a lawful one.

The bishop of Tarbes, who was "one of the ambassadors

sent over by Francis to ask the princess in marriage, had,

it was said, started an objection that she might possibly be

considered illegitimate on account of her mother having

been once the wife of her father's brother. The statement

was a mere pretence to shield the king when the unpopu-

larity of the divorce became apparent. It is not only

extremely improbable in itself, but is proved to be untrue

by the strongest evidence, for we have pretty full con-

temporary records of the whole negotiation. On the con-

trary, it is quite clear that Henry, who had already for

€ome time conceived the project of a divorce, kept the

matter a dead secret, and was particularly anxious that the

French ambassadors should not know it, while he used his

daughter's hand as a bait for a new alliance. The alliance

itself, however, was actually concluded by a treaty dated

Westminster, the 30th April 1527, in which it was pro-

vided, as regards the Princess Mary, that she should be

married either to Francis himself or to his second son

Henry, duke of Orleans. But the real object was only to

lay the foundation of a perfect mutual understanding

between the two kings, which Wolsey soon after went into

France to confirm.

During the next nine years the life of Mary, as well as

that of Iier mother, was rendered miserable by the conduct

of Henry VIII. in seeking a divorce. During the most of

that period mother and daughter seem to have been kept

apart, and, though sometimes living at no great distance

from each other, were strictly forbidden to see each other.

Of the two it may bo that Queen Catherine had the

hardest trial ; but Mary's was scarcely less severe. Removed
from court and treated as a bastard, she was, on the birth

of Anne Boleyn's daughter, required to give up the dignity

of princess and acknowledge the illegitimacy of her own
birth. On her refusal her household was broken up, and
she was sent to Hatfield to act as lady-in-waiting to her
own infant sister. Nor was even this the worst of her
trials ; her very life was in danger from the hatred of Anne
Uoleyn. Her health, moreover, was indiflferent, and even
when she was seriously ill, although Henry sent his own
physician Dr Buttes to attend her, he declined to let her
mother visit her. So also at her mother's death in January
1536 she was forbidden to take a last farewell of her.

But in May following another change occurred which seemed
to promise some kind of relief. Anne Boleyn, the real

cause of all her miseries, fell under the king's displeasure
and was put to death. JIary was then urged to make a

humble submission to her father as the means of recovering
his favour, and, after a good deal of correspondence with
the king's secretary Cromwell, she actually did so. The
terms exacted of her wore bitter in the extreme, but there

was no chance of making life tolerable otherwise, if indeei
she was permitted to live at all ; and the poor friendless

girl, absolutely at the mercy of a father who could brook

no contradiction, at length subscribed an act of submission,

acknowledging the king as supreme, repudiating the pope's

authority, and confessing that the marriage between her

father and mother " was by God's law and man's law

incestuous and unlawful."

No act, perhaps, in the whole of Henry's reign gives us

a more painful idea of his rei^olting despotism. Mary was

a high-spirited girl, and undoubtedly popular. All Europe

looked upon her at that time as the only legitimate child of

her father, but her father himself compelled her to disown

the title and pass an unjust stigma on her own birth and

her mother's good name. Nevertheless Henry was now
reconciled to her, and gave her a houseljold in some degree

suitable to her rank. During the rest of the reign we hear

little about her except in connexion with a number of new
marriage projects taken up and abandoned successively,

one of which, to the count palatine Philip, duke of Bavaria,

was specially repugnant to her in the matter of religion.

Her privy purse expenses for nearly the whole of this

period have been published, and show that Hatfield,

Beaulieu or Newhall in Essex, Richmond, and Hunsdon
were among her principal places of residence. Althongt

she was stiil treated as of illegitimate birth, it was believed

that the king, having obtained from parliament the extra

ordinary power to dispose of the crown by will, would

restore her to her place in the succession, and three year*

before his death she was so restored by statute, but still

under conditions to be regulated by her father's will.

Under the reign of her brother Edward VI. she was

again subjected to severe trials, which at one time made
her seriously meditate taking flight and escaping abroad.

Edward himself indeed seems to have been personally not

unkind to her, but the religious revolution in his reign

assumed proportions such as it had not done before, and
Mary, who had done suiEcient violence to her own convic-

tions in submitting to a despotic father, was not disposed

to yield an equally tame obedience to authority exercised

by a factious council in the name of a younger brother not

yet come to years of discretion. Besides, the cause of the

pope was naturally her own. In spite of the forced

declaration formerly wrung from herself, no one really

regarded her as a bastard, and the full recognition of her

rights depended on the recognition of the pope as head o£

the church. Hence, when Edward's parliament passed an
Act of Uniformity enjoining services in English and com-
munion in both kinds, the law appeared to her totally void

of authority, and she insisted on having mass in her own
private chapel under the old form. When ordered to

desist, she appealed for protection to the emperor Charles

v., who, being her cousin, intervened for some time not

ineffectually, threatening war with England if her religiuus

liberty was interfered with. But Edward's court' was
composed of factions of which the most violent eventually

carried the day. Lord Seymour, the admiral, was attainted

of treason and beheaded in 1549. His brother, the

Protector Somerset, met with the same fate in 1552.

Dudley, duke of Northumberland, then became paramount
in the privy council, and easily obtained the sanction of

the young king to those schemes for altering the succession

which led immediately after his death to the usurpation cf

Lady Jane Grey. Dudley had, in fact, overawed all the

rest of the privy council, and when the event occurred lio

took such energetic measures to give efl!'ect to the scheme
that Lady Jane was actually recognized as queen for some
days, aad Mary had even to fly from Hoddesden into

Norfolk. But the country was really devoted to her cause,

as indeed her right in law was unquestionable, and before

many days she was royally received in London, and took

up her abode within the "Tower.
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/der bret acts at the beginning of her reign displayed a

character very different from that which she still holds in

popular estimation. Her clemency towards those who had

taken up arms against her was . altogether remarkable.

,She released from prison Lady Jane's father, Suffolk, and

had difficulty even in signing the warrant for the execution

of Northumberland. Lady Jane herself she fully meant to

ppare, and did spare tiU after Wyatt's formidable insurrec-

tion. Her conduct, indeed, was in every respect con-

ciliatory and pacific, and so far as they depended on

her personal character the prospects of the new reign

might have appeared altogether favourable. But un-

fortunately her position was one of peculiar difficulty,

&nd the policy on which she determined was far from

judicious. Inexperienced in the art of governing, she

had no trusty councillor but Gardiner; every other mem-
ber of the council had been more or less implicated in

the conspiracy against her. And though she valued

Gardiner's advice she was naturally led to rely even more
on that of her cousin, the emperor, who had been her

mother's friend in adversity, and had done such' material

service to herself in the preceding reign. Following the

emperor's guidance she determined almost from the first

to make his son Philip her husband, though she was
eleven years his senior. She was also strongly desirous

of restoring the old religion and wiping out the stigma of

illegitimacy passed upon her birth, so that she might not

seem to reign by virtue of a mere parliamentary settle-

ment.

Each of these different objects was attended by difficulties

or objections peculiar to itself ; but the marriage was the

most unpopular of aU. A restoration of the old religion

threatened to deprive the new owners of abbey lands ot

their easy and comfortable acqifisitions ; and it was only

with an express reservation of their interests that the thing

was actually accomplished. A declaration of her own
legitimacy necessarily cast a slur on that of her sister

Elizabeth, and cut her off from the succession. But the

marriage promised to-throw England into the arms of Spain

end place the resources of the kingdom at the command
of the emperor's son. The Commons sent her a deputation

to entreat that she would not marry a foreigner, and when
her resolution was known insurrections broke out in different

parts of the country. Suffolk, whose first rebellion had been

pardoned, proclaimed Lady Jane Grey again in Leicester-

shire, while young Wyatt raised the county of Kent and
actually besieged the queen in her own palace at West-

minster. In the midst of the danger Mary showed great

intrepidity, and the rebellion was presently quelled ; after

which, unhappily, she got leave to pursue her own course

unchecked. She married Philip, restored the old religion,

and got Cardinal Pole to come over and absolve the kingdom
for its past disobedience to the Holy See.

But the misgivings of those who had disliked the

Spanish match were more than sufficiently justified by the

course of events. Mary yielded a loyal and womanly
devotion to a husband who did not too greatly esteem the

treasure of her person. Her health, which was feeble

before, was bad for the remainder of her days, and she fell

ander a delusion at first that it was owing to an approach-

ing confinement Disappointment and vexation probably

added to her helplessness. The resources of the kingdom
were at Philip's command, and be even took ships of the

English fleet to escort his father the emperor, on his

abdication, to Spain. More extraordinary still, he ulti-

mately succeeded in committing England to a war against

France, when France bad made an alliance with the pope
against him as king of Spain ; so the very marriage which
was to confirm England in the old religion led to a war
against the occapant of the see of Koma And it was this

war with France which produced the final calamity of thp

loss of Calais which sank so deeply into Mary's heart some
months before she died.

The cruel persecution of the Protestants, which has cast

so much infamy upon her reign, began about six months
after her marriage ; and it is not difficult to see that it was
greatly due to the triumph of ideas imported from the land

of the Inquisition. Rogers, the first of the martyrs, was
burnt on the 4th February 1555. Hooper, bishop of

Gloucester, had been condemned six days before, and
suffered the same fate upon the 9th. From this time the

persecution went on uninterrupted for more than three

years, numbering among its victims Ridley, Latimer, and
Cranmer. It seems to have been most severe in the eastern

and southern parts of England, and the largest number of

sufferers was naturally in the diocese of Bonner, bishop of

London. From first to last nearly three hundred victims

are computed to have perished at the stake ; and their fate

certainly created a revulsion against Rome that nothing

else was likely to have effected. How far Mary herself

—

who during the most part of this time, if not the whole
time, was living in the strictest seclusion, .sick in body
and mind, hysterical and helpless—was personally answer-

able for these things, it is difficult to say. To her, no
doubt, the propagators of heresy were the enemies of man-
kind, and she had little cause to love them from her own
experience. Yet perhaps she hardly realized the full

horror of what was done under her sanction. But there

can be little doubt what effect it had upon the people ;

and when Mary breathed her last, on the 17th November
1558, the event was hailed with joy as a national deliver-

ance, (j. GA.)

MARY IF. (1662-1694), queen of England, was the

eldest daughter of James, duke of York (afterwards James
II. of England), by his first wife Anne Hyde, and was bom
in London on April 30, 1662. Having been educated in

the Protestant faith, she was married to William, prince of

Orange, on November 4, 1677. After the events of 1638
she followed her husband to England, and was proclaimed

by the convention joint sovereign with him on February

13, 1689. She died of small-pox- on December 28, 1694
(o.s.). See Burnet's £ssav upon the Life of Queen Mary,
and the article William IIL
MARY (1542-1587), queen of Scots, daughter of King

James Y. and his wife Mary of Lorraine, was born id

December 1542, a few days before the death of her father,

heart-broken by the disgrace of his arms at Solway Moss,

where the disaffected nobles had declined to encounter an

enemy of inferior force in the cause of a king whose

systematic policy had been directed against the privileges

of their order, and whose representative on the occasion

was an unpopular favourite appointed general in defiance

of their ill-will. On the 9th of September following the

ceremony of coronation was duly performed upon the

infant. A scheme for her betrothal to Edward, prince of

Wales, was defeated by the grasping greed of his father,

whose obvious ambition to annex the crown of Scotland

at once to that of England aroused instantly the general

suspicion and indignation of Scottish patriotism. In 1548

the queen of six years old was betrothed to the dauphin

Francis, and set sail for France, where she arrived on the

15th of August. The society in which the child was

thenceforward reared is known to readers of Brantome as

well as that of imperial Rome at its worst is known to

readers of Suetonius orPetronins,—as well as that of papal

Rome at its worst is known to readers of the diary kept

by the domestic chaplain of Pope Alexander VI. Only it

their pages can a parallel be found to the gay and easy

record which reveals without sign of shame or suspicion of

offence the daily life of a court compared to which the court

i
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of KiDg Charles II. is <ts tli6 court of Queen Victoria to

the society described by Grammont. Debauchery of all

kinds, and murder in all forms, were the daily matter of

excitement or of jest to the brilliant circle which revolved

around Queen Catherine de' Sledici. After ten years'

training under the tutelage of the woman whose main

instrument of policy was the corruption of her own
children, the queen of Scots, aged fifteen years and five

months, was married to the eldest and feeblest of the

brood on April 24, 1558. On the 17th of November
Elizabeth became queen of England, and the princes of

Lorraine—Francis the great duke of Guise, and his brother

ths cardinal—induced their niece and her husband to

assume, in addition to the arms of France and Scotland,

the arms of a country over which they asserted the right

of Mary Stuart to reign as legitimate heiress of Mary
Tudor. ' Civil strife broke out in Scotland between John
Knox and the queen-dowager,—between the .self-styled

" congregation of the Lord " and the adherents of the

regent, whose French troops repelled the combined forces

of the Scotch and their English allies from the beleaguered

walls of Leith, little ciore than a month before the death

of their mistress in the castle of Edinburgh, on the 10th

of Juno 1560. On the 25th of August Protestantism was
proclaimed and Catholicism suppressed in Scotland by a

convention of states assembled without the assent of the

absent queen. On the 5th of December Francis II. died
;

in August 1561 his widow left France for Scotland, having

been refused a safe-conduct by Elizabeth on the ground of

her own previous refusal to ratify the treaty made with

England by her commissioners in the same month of the

preceding year.» She arrived nevertheless in safety at

Leith, escorted by three of her uncles of the house of

Lorraine, and bringing in her train her future biographer,

Brantome, and Chastelard, the first of all her voluntary

victims. On the 2l8t of August she first met the only

man able to withstand her ; and their first passage of arms
left, as he has recorded, upon the mind of John Knox an
ineffaceable impression of her " proud mind, crafty wit,

and indurate heart against God and His truth." And yet

her acts of concession and conciliation W3re such as no
fanatic on the opposite side could have approved. She
assented, not only to the undisturbed maintenance of the

new creed, but even to a scheme for the endowment of the

Protestant ministry out of the confiscated lands of the

Church. Her half-brother, Lord James Stuart, shared the

duties of her chief counsellor with William Maitland of

Lethington, the keenest and most liberal thinker in the

country. By the influence of Lord James, in spite of the

earnest opposition of Knox, permission was obtained for

her to hear mass celebrated in her private chapel,—a licence

to which, said the Reformer, he would have preferred the

invasion of ten thousand Frenchmen. Through all the

first troubles of her reign the young queen steered her
skilful and dauntless way with the tact of a woman and
the courage of a man. An insurrection in the north,

headed by the earl of Huntly under pretext of rescuing

from justice the life which his son had forfeited by his

share in a homicidal brawl, was crushed at a blow by the
Lord James against whose life, as well as against his

sister's liberty, the conspiracy of the Gordons had been
aimed, and on whom, after the father had fallen in fight

and the son had expiated his double offence on the scaffold,

the leading rebel's earldom of Murray was conferred by
the gratitude of the queen. Exactly four months after the
battle of Corrichie, and the subsequent execution of a
criminal whom she is said to have " loved entirely," had
put an end to the first insurrection raised against her,

Pierre de Boscosel de Chastelard, who had returned to

France with the other companions of her arrival, and in

November 1562 had revisited Scotland, expiated with his
head the offence or the misfortune of a second detection at
night in her bed-chamber. In the same month, twenty-
five years afterwards, the execution of his mistress, accord*
ing to the verdict of her contemporaries in France, avenged
the blood of a lover who had died without uttering a word
to realize the apprehension which (according to Knox) had
before his trial impelled her to desire her brother " that, as

he loved her, he would slay Chastelard, and let him never
speak word." And in the same month, two years from the
date of Chastelard's execution, her first step was uncon-
sciously taken on the road to Fotheringay, when she gave
her heart at first sight to her kinsman Henry, Lord
Darnley, son of Matthew Stuart, earl of Lennox, who had
suffered an exile of twenty years in expiation of his

intrigues with England, and had married the niece of King
Henry VIII., daughter of his sister Margaret, the widow
of James IV., by her second husband, the earl of Angus.
Queen Elizabeth, with the almost incredible want of tact

or instinctive delicacy which distinguished and disfigured

her vigorous intelligence, had recently proposed as a suitor

to the queen of Scots her own low-born favourite, Lord
Robert Dudley, the widower if not the murderer of Amy
Robsart ; and she now protested against the project of

marriage between Mary and Darnley. Mary, who had
already married her kinsman in secret at Stirling Castle

with Catholic rites celebrated in the apartment of David
Rizzio, her secretary for correspondence with France,
assured the English ambassador, in reply to the protest of

his mistress, that the marriage would not take place for

three months, when a dispensation from the pope would
allow the cousins to be publicly united without offence to

the church. On the 29th of July 1565 they were accord-

ingly remarried at Holyrood. The hapless and worth-
less bridegroom had already incurred the hatred of two
powerful enemies, the earls of Morton and Glencairn ; but
the former of these took part with the queen against the

forces raised by Murray, Glencairn, and others, under the
nominal leadership of Hamilton, duke of Chatelheranlt,

on the double plea of danger to the new religion of

the country, and of the illegal proceeding by which
Darnley had been proclaimed king of Scots without the
needful constitutional assent of the estates of the realm.

Murray was cited to attend the " raid " or array levied

by the king and queen, and was duly denounced by public

blast of trumpet for his noii-appearance. He entered

Edinburgh with his forces, but faOed to hold the town
against the guns of the castle, and fell back npon Dumfries
before the advance of the royal army wiich was now
joined by James Hepburn, earl of E-jthwaU, on his return

from a three years' outlawed exile itt'^'rance. He had
been accused in 1562 of a plot to ssize the queen and put
her into the keeping of the earl of Arran, wtiose pretensions

to her hand ended only when Lis insanity could no longer

be concealed. Another new adherent was the son of the

late earl of Huntly, to whom the forfeited honours of his

house were restored a few months before the marriage of

his sister to BothwelL The queen now appealed to France
for aid ; but Castelnau, the French ambassador, replied to

her passionate pleading by sober and earnest advice to

make peace with the malcontents. This counsel was
rejected, and in October 1565 the queen marched an army
of 18,000 men against them from Edinburgh ; their forces

dispersed in face of superior numbers, and Murray, on
seeking shelter in England, was received with contumely
by Elizabeth, whose half-hearted help had failed to support
his enterprise, and whose intercession for his return found
at first no favour with the queen of Scots. But the
conduct of the besotted boy on whom at their marriage she

had bestowed the title of king began at once to justify the
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enterprise and to play into the hands of all Lis enomies

Blike. His father set him on to demand tbo crowo

iDatrimonial, which would at least have assured to him the

rank and station of independent royalty for life. Rizzio,

hitherto his friend and advocate, induced the queen to

reply by a reasonable refusal to this hazardous and

audacious request. Darnley at once threw himself into

the arms of tho party opposed to the policy of the queen

and lier secretary,—a policy which at that moment was

doubly and trebly calculated to exasperate the fears of the

religiois and the pride of the patriotic. Mary was invited

if not induced by the king of Spain to join his league for

the suppression of Protestantism ; while the actual or

prospective endowment of RLzzio with llorton's office of

chancellor, and the projected attainder of Murray and his

allies, combined to inflame at once the anger and the

apprehension of the Protestant nobles. According to one

account, Danilsy privately assured his uncle George

Douglas of his wife's infidelity ; he had himself, if he

might be believed, discovered the secretary in the queen's

apartment at midnight, under circumstances yet more

unequivocally compromising than those which had brought

Chastelard to the scaffold. Another version of. the pitiful

history represents Douglas as infusing suspicion of Rizzio

into the empty mind of his nephew, and thus winning his

consent to a deed already designed by others. A bond was

drawn in which Darnley pledged himself to support the

confederates who undertook to punish "certain privy

persons " offensive to the state, " especially a stranger

Italian called Davie"; another was subscribed by Darnley

and the banished lords, then biding their time in Newcastle,

which engaged him to procure their pardon and restoration,

while pledging them to ensure to him the enjoyment of the

title he coveted, with the consequent security of an
undisputed succession to the crown, despite the counter

claims of the house of Hamilton, in case his wife should

die without issue,—a result which, intentionally or not, he

and V is fellow conspirators did all that brutality could have
suggested to accelerate and secure. On the 9th of March
the palace of Holyrood was invested by a troop under the

command of Morton, while Rizzio was dragged by force

out of the queen's presence and slain without trial in the

heat of the moment. The parliament was discharged by
proclamation issued in the name of Darnley as king ; and in

the evening of the next day the banished lords, whom it was
to have condemned to outlawry, returned to EdinburgL
On the day following they were graciously received by the

queen, who undertook to sign a bond for their security,

but delayed the subscription till next morning under plea

of sickness. During the night she escaped with Darnley,

whom she had already seduced from the party of his

accomplices, and arrived at Dunbar' on the third morning
after the slaughter of her favoarita From thence they

returned to Edinburgh on the 28th of March, guarded by
two thousand horsemen under the command of Bothwell,

who had escaped from Holyrood on the night of the murder,
to raise a force on the queen's behalf with his usual soldierly

promptitude. The slayers of Rizzio fled to Engbnd, and
were outlawed ; Darnley was permitted to protest his

innocence and denounce his accomplices ; after which Le
became the scorn of all parties alike, and few men dared or
cared to be seen in his company. 'On the 19th of June a son
was born to his wife, and in the face of his previous protesta-

tions he was induced to acknowledge himself tho father
But, as Murray and his partisans returned to favour and
influence no longer incompatible with that of Bothwell and
Huntiy, he grew desperate enough with terror to dream of
escape to France. This design was at once frustrated by
the queen's resolution. She summoned him to declare hia

wasona for it in praaeucB ot the i'jeucjj awbassador and

MARY LO*' SCOTLAKBl,

an assembly ot the nobles j she besought kirn for God's

sake to speak out, and not spare her ; and at last he left

her presence with an avowal that he had nothing to allege.

The favour shown to Bothwell had not yet given occasion

for scandal, though his character as an adventurous libertine

was as notable as his reputation for military hardihood
|

but as the summer advanced his insolence increased with

his influence at court and the general aversion of his rivals.

He was richly endowed by Mary from the greater and
lesser spoils of the church ; and the three wardenships of

the border, united for the first time in his person, gave the

lord high admiral of Scotland a position of unequalled

power. In the gallant discharge of its duties he was

dangerously wounded by a leading outlaw, whom he slew

in single comhat ; and while yet confined to Hermitage

Castle ho received a visit of two hours from the queen, who
rode thither from Jedburgh and back through 20 miles

of the wild borderland, where her person was in perpetual

danger from the freebooters whom her father's policy had

striven and had failed to extirpate. The result of this

daring ride was a ten days' fever, after which she removed

by short stages to Craigmillar, where a proposal for her

divorce from Darnley was laid before her oy Bothwell,

Murray, Huntiy, Argyle, and Lethington, who was chosen

spokesman for the rest. She assented on condition that

the,divorce could be lawfully effected without impeachment
of her son's legitimacy ; whereupon Lethington undertook

in the name of all present that she should be rid of her

husband without any prejudice to the child,—at whose
baptism a few days afterwards Bothwell took the place of

the putative father, though Darnley was actually residing

under the same roof, and it was tiot till after the ceremony

that he was suddenly struck down by a sickness so violent

as to esicite suspicions of poison. He was removed to

Glasgow, and left for the time in charge of his father ; but

on the news of his progress towards recovery a bond was

drawn up for execution of the sentence of death which

had secretly been pronounced against the twice-turned

traitor who had earned his doom at all hands alike. On
the 2 2d of the next month (January 1567) the queen
visited her husband at Glasgow and proposed to remove
him to Craigmillar Castle, where he would have the benefit

of medicinal baths ; but instead. of this resort he was con-

veyed on the last day of the month to the lonely and
squalid shelter of the residence which was soon to be made
memorable by liis murder. Between the ruins of two
sacred buildings, with the town-wall to the south and a

suburban hamlet known to ill fame as the Thieves' Row tc

the north of it, a lodging was prepared for the titular king

of Scotland, and fitted up with tapestries taken from the

Gordons after the battle ot Corrichie. On the evening of

Sunday, February 9, Mary took her last leave of the

miserable.boy who had bo often and so mortally outraged

her as consort and as queen. That night the whole city

was shaken out of sleep by an explosion of gunpowder
which shattered to fragments the building in which ha

should have slept and perished ; and next morning the

bodies of Darnley and a page were found strangled in et

garden adjoining it, whither they had apparently escaped

over a wall, to be despatched by the hands of Bothwell'e

attendant confederates.

Upon the view which may be taken of Mary's conduct

during the next three months depends the whole debatable

question of Ler character. According to the professed

champions of that character, this conduct was a tissue of

such dastardly imbecility, such heartless irresolution, and

sacb braiiilees inconsistency as for ever to dispose of her

time-honoured claim to the credit of intelligence and

courage It is certain that just three months and six days

after the murder of her husband she became the wife o£
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her husband's murderer. On the 11th of February she

wrote to the bishop of Glam/sw, her ambassador in France,

a brief letter of simple eloqueuco, announcing her provi.

dential escape from a design npoo her own as well as her

husband's life. A reward of two thousand pounds was

oft'ered by proclamation for discovery of the murderer.

Bothwell and others, his satellites or the queen's, were

instantly placarded by name as the criminals. Voices

were heard by night in the streets of Edinburgh calling

down judgment on the assassins. Four days after the

discovery of the bodies, Darnley was buried in the chapel

of Ilolyrood with secrecy as remarkable as the solemnity

with which Rizzio had been interred there less than a year

before. On the Sunday following, Mary left Edinburgh

for Setcn Palace, 12 miles from the capital, where scandal

asserted that she passed the time merrily in shooting-

matches with Bothwell for her partner against Lords Seton

and Huntly ; other atco'mts represent Huutly and Bothwell

as left at Holyrood in charge of the itfant prince. Grace-

fully and respectfully, with statesmanlike yet feminine

dexterity, the demands of Daruley's father for justice on

the murderers of his son were accepted and eluded by his

daughter-in-law. Bothwell, with a troop of fifty men,

rode through Edinburgh defiantly denouncing vengeance

on his concealed accusers, i As weeks elapsed without

action on the part of the royal widow, while the cry of

blood was up throughout the country, raising echoes from

England and abroad, the murmur of accusation began to

rise against her also, JIurray, with his sister's ready

permission, withdrew to France. Already the report was

abroad that the queen was bent on marriage with Bothwellj

whose last year's marriage with the sister of Huntly would
be dissolved, and the assent of his wife's brother purchased

by the restitution of his forfeited estates. According to

the Memoirs of Sir James Melville, both Lord Herries and
himself resolved to appeal to the queen in terms of bold and
earnest remonstrance against so desperate and scandalous

a design ; Herries, having been met with assurances of its

unreality and professions of astonishment at the suggestion,

instantly ficd from court ; Melville, evading the danger of

a merely personal protest without backers to support him,
laid before Mary a letter from a loyal Scot long resident

in England, which urged upon her consideration and her
conscience the danger and disgrace of such a project yet
more freely than Herries had ventured to do by word of

mouth; but the sole result was that it needed all the
queen's courage and resolution to rescue Lini from the
violence of the man for whom, she was reported to have
said, she cared not if she lost France, England, and her own
country, and would go with him to the world's end in a
white petticoat before she would leave him. On the 28th
of March the privy council, in which Bothwel'i himself sat,

appointed the 12th of April as tue day of his trial, Lennox,
instead of the crown, being named as the accuser, and cited
by royal letters to appear at "the humble request and
petition of the said Earl Bothwell," who, on the day of the
trial, had four thcusand armed men behind him in the
streets, while the castle was also at his command. Under
these arrangements it was not thought wonderful that
Lennox discreetly declined the danger of attendance, even
with throe thousand men ready to follow him, at the risk
of desperate street fighting. He pleaded sickness, asked
for more time, and demanded that the accused, instead of
enjoying special favour, should share the treatment of other
juspected criminals. But, as no particle of evidence on his
side was advanced, tho protest of his representative was
rejected, and Bothwell, acquitted in default of witnesses
igainst him, was free to challenge any persistent accuser
to the anoient ordeal of battle. His wealth and power
were enlarged by gift of the parliament which met on the

14th and ro.se on the I9th of April,—a date made notable'

by the subsequent supper at Ainslie's tavern, where

Bothwell obtained the signatures of its leading members
to a document affirming his innocence, and pledging the

subscribers to maintain it against all challengers, to stand

by him in all his quarrels, and finally to promote by all

means in their power the marriage by which they recom-

mended the queen to reward his services and benefit the

country. On the second day following Mary went to visit

her child at Stirling, where his guardian, the earl of Mar,

refused to admit more than two women in her train. It

was well known in Edinburgh that Bothwell had a body of

men ready to intercept her on the way bact, and carry her

to Dunbar,—not, as was naturally inferred, without good

assurance of her consent. On the 24th. of April, as

she approached Edinburgh, Bothwell accordingly met

her at the head of eight hundred spearmen, assured her

(as she afterwards averred) that she was in the utmost

peril, and escorted her, together with Huntly, Lethington,

and Melville, who were then in attendance, to Dunbar
Castle. On the 3d of May Lady Jane Gordon, who had
become countess of Bot'nwell on February 22d of the year

preceding, obtained, on the ground of her husband's

infidelities, a separation which, however, would not under

the old laws of Catholic Scotland have left him free to

marry again ; on the 7th, accordingly, the necessary

divorce was pronounced, after two days' session, by a

clerical tribunal which ten days before had received from

the queen a special commission to give judgment on a plea

of somewhat apocryphal consanguinity alleged by Bothwell

as the ground of an action for divorce against his wife.

The fact was studiously evaded or concealed that a dis-

pensation had been granted by the archbishop of St

Andrews for this irregularity, which could only have

arisen through some illicit connesion of the husband with

a relative of the wife between whom and himself no

afiinity by blood or marriage could be proved. On the

day when the first or Protestant divorce was pronounced,

Mary and Bothwell returned to Edinburgh with every

prepared appearance of a peaceful triumph. Lest her

captivity should have been held to invalidate the late legal

proceedings in her name, proclamation was made of forgive-

ness accorded by the queen to her captor in consideration of

his past and future services, and her intention wasannonnced
to reward them by further promotion ; and on the same
day (May 12tli>ne was duly created duke of Orkney and
Shetland. The duke, as a conscientious Protestant, refused

to marry his mistress according to the rites of her church
;

ani she, the chosen champion of its cause, agreed to be

married to him, not merely by a Protestant, but by one

who before his conversion had been a Catholic bishop, and
should therefore have been more hateful and contemptible

in her eyes than any ordinary heretic, had not religion as

well as policy, faith aa well as reason, been absorbed or

superseded by some more mastering passion or emotion.

This passion or emotion, according to those who deny her

attachment to Bothwell, was simply terror,—the blind and
irrational prostration of an abject spirit before the cruel

force of circumstances and the crafty wickedness of men.

Hitherto, according to all evidence, she had shown herself

on all occasions, as on all subsequent occasions she indis-

putably showed herself, the most fearless, the most keen-

sighted, the most ready-witted, the most high-gifted and
high-spirited of women

;
gallaut and generous, skilful and

practical, never to be cowed by fortune, never to be cajoled

by craft ; neither more unselfish in her ends nor more
unscrupulous in her practice than might have been expected

from her training and her creed. Lut at the crowning
moment of trial there are those who assert their belief that

the woman who oa her way to the field of Corrichie had
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uttcre(J her wish to be a man, fhat she might know all the

hardship and all the enjoyment of a soldier's life, riding

forth " in jack and knapscuU "—the woman who long after-

wards was to hold her own for two days together without

help of counsel against all the array of English law and
English statesmanship, armed with irrefragable evidence

and supported by the resentment of a nation—showed her-

self equally devoid of moral and of physical resolution

;

too senseless to realize the significance and too heartless to

face the danger of a situation from which the simplest

exerciise of reason, principle, or courage must have rescued

the -most unsuspicious and inexperienced of honest women
who was not helplessly deficient in self-reliance and self-

respect. The famous correspondence producsd next year

in evidence against her at the conference of York may
have been, as her partisans affirm, so craftily garbled and
falsified by interpolation, suppression, perversion, or

ibsolute forgery as to be all but historically worthless.

Its acceptance or its rejection does not in any degree what-

ever affect, for better or for worse, the rational estimate of

her character. The problem presented by the simple

existence of the facts just summed up remains i" either

case absolutely the same.

That the coarse and imperious nature of the nardy and
able ruffian who had now become openly her master should

no less openly have shown itself even in the first moments
of their inauspicious union is what any bystander of com-
mon insight must inevitably have foreseen. Tears, dejec-

tion, and passionate expressions of a despair " wishing only

for death," bore fitful and variable witness to her first sense

of a heavier yoke than yet had galled her spirit and her

pride. At other times her afiectionate gaiety would give

evidence as trustworthy of a fearless and improvident satis-

faction. They rode out in state together, and if he kept

cap in hand as a subject she would snatch it from him and
clap it on his head again ; while in graver thicgs she took

all due or possible care to gratify, his ambition, by the

insertion of a clause in their contract of marriage whici.

made their joint signature nacessary to all documents of

state issued under the sign-manual. She despatched to

France a special envoy, the bishop of Dumbiane, with

instructions setting forth at length the unparalleled and

hitherto ill-requited services and merits cf Bothwell, and

the necessity of compliance at once with Lis passion and

with the unanimous counsel of the nation,—a people who
would endure the rule of no foreign consort, and whom
none of their own countrymen were so competent to con-

trol, alike by wisdom and by valour, as the incomparable

subject of her choice. These personal merits and this

political necessity were the only pleas advanced in a letter

to her ambassador in England. But that neither plea

would avail her for a moment in Scotland she had ominous

evidence on the thirteenth day after her marriage, when no

response was made to the usual form of proclamation for a

raid or levy of forces under pretext of a campaign against

the rievers of the border, On the 6th or 7th of June

Maryand Bothwell took refuge in Borthwick Castle, twelve

miles from the capital, where the fortress was in the keep-

ing of an adherent whom the diplomacy of Sir James
Melville had succeeded in detaching from his allegiance to

Bothwell. The fugitives were pursued and beleaguered

by the earl of Morton and Lord Hume, who declared their

purpose to rescue the queen from the thraldom of her

husband. He escaped, leaving her free to follow him or

to join the party of her professed deliverers. But whatever

canse she might have found since marriage to complain of

his rigorous custody and dornineering brutality was in-

sufficient to break the ties by which he hold her. Alone,

in the disguise of a page, she slipped out of the castle at

midnight, and rode off to meet him at a tower two miles dis-

tant, whence they fled together to Dunbar. The confede-

rate lords on entering Edinburgh were welcomed by the
citizens, and after three hours' persuasion Lethington, who
had now joined them, prevailed on the captain of the castle

to deliver it also into their hands. Proclamations were
issued in which the crime of Bothwell was denounced, and
the disgrace of the country, the thraldom of the queen, and
the mortal peril of her infant son were set forth as reasons
for summoning all the lieges of the chief cities of Scotland
to rise in arms on three hours' notice and join the forces

assembled against the one common enemy. News of his

approach reached them on the night of June 14, and they
marched before dawn with 2200 men to meet him near

Musselburgh. Mary meanwhile had passed from Dunbat
to Haddington, and thence to Seton, where 1600 men
rallied to her side. On the 15th of June, one month from
their marriage day, the queen and Bothwell, at the head
of a force of fairly equal numbers but visibly inferior

discipline, met the army of the confederates at Carbcrry
Hill, some six miles from Edinburgh. Du Croc, the French
ambassador, obtained permission through the influence of

Maitland to convey to the queen the terms proposed by
their leaders,—that she and Bothwell should part, or that

he should meet in single combat a champion chosen from
among their number. Bothwell offered to meet auy man
of BuiScient quality; Mary would not assent. As the

afternoon wore oa their force began to melt away by
desertion and to break up for lack of discipline. Again

the trial by single combat was proposed, and thrice the

proposal fell through, owing to objections on this side or

on that. At last it was agreed that the queen should yield

herself prisoner, and Bothwell be allowed to retire in safety

to Dunbar with the few followers who remained to him.

Mary took leave of her first and last master with passionate

anguish and many parting kisses ; but iu face of his

enemies, and in hearing of the cries which burst from the

ranks, demanding her death by fire as a murderess and

harlot, the whole heroic and passionate spirit of the woman
represented by her admirers as a spiritless imbecile flamed

out in responsive threats to have all the men hanged ana

crucified, in whose power she now stood helpless and alone.

She grasped the hand of Lord Lindsay as he rode beside

her, and swore " by this hand " she would " have his head

for this." In Edinburgh she was received by a yelling

mob, which flaunted before her at each turn a banner

representing the corpse of Darnley wit'a her child beside

it invoking on his knees the retribution of Divine justice.

From the violence of a multitude in which women of the

worst class were more furious than the men she was

sheltered in the house of the provost, where she repeatedly

showed herself at the window, appealing aloud with

dishevelled hair and dress to the mercy which no man
could look upon her and refuse. At nine iff the evening

she was removed to Holyrood, and thence to the port of

Leith, where she embarked under guard, with her

attendants, for the island castle of Lochleven. On the

20th a silver casket containing letters and French versee,

miscalled sonnets, in the handwriting of the queen, was

taken from the person of a servant who had been sent by

Bothwell to bring it from Edinburgh to Dunbar. Even

in the existing versions of the letters, translated from the

lost originals and retranslated from thie translation of a

text which was probably destroyed in 1603 by order of

King James on his accession to the English throne,— «ven

in these possibly disfigured versions, the fiery pathos of

passion, the fierce and piteous fluctuations of spirit between

love and hate, hope and rage and Jealousy, have an

eloquence apparently beyond the imitation or invention of

art. Three days after this discovery Lord Lindsay, Loil|

Ruthven, and Sir Robert Melville were despatched tit
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Lochleveii, tliere to obtain the queen's signature to &n act

of abdication in favour of her son, and another appointing

Murray regent during his minority. She submitted, and

a commission of regency was established till the return

from France of Murray, who, on the 15th of August,

arrived at Lochlcven with Morton and Athole. According

to his own account, the expostulations as to her past con-

duct which preceded his admonitions for the future were

received with teai-s, confessions, and attempts at extenua-

tion or excuse ; but when they parted next day on good

terms she had regained her usual spirits. Nor from that

day forward had they reason to sink again, in spite of the

close keeping in which she was held, with the daughters of

the house for bedfellows. Their mother and the regent'.s,

her father's former mistress, was herself not impervious to

her prisoner's lifelong power of seduction and subjugation.

Her son George Douglas fell inevitably under the charm.

A rumour transmitted to England went so far as to assert

that she had proposed him to their common half-brother

Murray as a fourth husband for herself ; a later tradition

represented her as the mother of a child by him. A third

report, at least as improbable as either, asserted that a

daughter of Mary and Bothwell, born about this time,

lived to be a nun in France. It is certain that the necessary

removal of George Douglas from Lochleven enabled him
to devise a method of escape for the prisoner on March 25,

1568, which was frustrated by detection of her white hands

under the disguise of a laundress. But a younger member
of the household, Willie Douglas, aged eighteen, whose

devotion was afterwards remembered and his safety cared

for by Mary at a time of utmost risk and perplexity to

herself, succeeded on May 2d in assisting her to escape by
a postern gate to the lake-side, and thence in a boat to the

main'^nd, where George Douglas, Lord Seton, and others

were a>vaiting her. 'Thence they rode to Seton's castle of

Niddry, and ncict day to Hamilton Palace, round which an

9rmy of 6000 men was soon assembled, and wliither the

now French ambassador to Scotland hastened to pay his

duty. The queen's abdication was revoked, messengers

were despatched to the English and French courts, and
word was sent to Murray at Glasgow that he must resign

the regency, and should be pardoned in common with all

offenders against the queen. But on the day when Mary
arrived at Hamilton JIurray had summoned to Glasgow the

feudatories of the crown, to take arms against the insurgent

enemies of the infant king Elizabeth sent conditional

offers of help to her kinswoman, provided she would acce[it

of English intervention and abstain from seeking foreign

assistance ; but the messenger came too late. Jlary's

followers had failed to retake Dunbar Castle from the

regent,and made forDumbarton instead.marchingtwo miles

south of Glasgow, by the village of Langside. Here
Murray, with 4500 men, under leaders of high distinction,

met the 6000 of the queen's army, whose ablest man,
Herrics, was as much distrusted by Mary as by every one
else, while the Hamiltons could only be trusted to think
of their own interests, and were suspected of treasonable

designs on all who stood between their house and the
monarchy. On the 13th of May the battle or skirmish of

Langside determined the result of the campaign in three

quarters of an hour. Kirkaldy of Grange, who commanded
the regent's cavalry, seized and kept the place of vantage
from the beginning, and at the first sign of wavering on
the other side shattered at a single charge the forces of

the queen, with a loss of one man to three hundred. Mary
fled 60 milos from the field of her last battle before she
halted ut Sanquhar, and for three days of flight, according
to her own account, had to sleep on the hard ground, live

on oatmeal and sour milk, and fare at night like the owls,
in hunger, cold, and fear. On the third day from tba rout

of Langside she crossed the Solway, and landed at

Workington in Cumberland, May 16, 1568. On the 20th
Lord Scrope and Sir Francis KnoUys were sent from court

to carry messages and letters of comfort from Elizabeth ttf

Mary at Carlisle. On June 11th Knollys wrote to Cecil

at once the best description and the noblest panegyric
extant of the queen of Scots,—enlarging, with a brave
man's sympathy, on her indifference to form and ceremony,
her daring grace and openness of manner, her frank display

of a great desire to be avenged of her enemies, her readiness

to expose herself to all perils in hope of victory, her delight

to hear of hardihood end coorage, commending by name
all her enemies of approved valour, sparing no cowardice

in her friends, but_above all things athirst for victory by
any moans at any price, so that for its sake pain and peril

seerued pleasant to her, and wealth and all things, if com-
pared with it, contemptible and vile. What was to be done
with such a princess, whether she were to be nourished in

one's bosom, above all whether it could be advisable or

safe to try an}' diplomatic tricks upon such a lady, Knollys
left for the minister to judge. It is remarkable that he
should not have discovered in her the qualities so obvious

to modern champions of her character,^easiness, gullibility,

incurable innocence and invincible ignorance of evil,

incapacity to suspect or resent anything, readiness to

believe and forgive all things. On the 15th of July, after

various delays interposed by her reluctance to leave the

neighbourhood of the border, whore on her arrival she had
received the welcome and the homage 'of the leading

Catholic houses of Northumberland and Cumberland, she

! was removed to Bolton Castle in North Yorkshire. During
her residence here a conference was held at York between
her own and Elizabeth's commissioners and those appointed

to represent her son as king of Scots. These latter, of

whom Murray himself was the chief, privately laid before

the English commissioners the contents of the famous
casket. On the 24th of October the place of the conference

was shifted from York to London, where the inquiry was
to be held before Queen Elizabeth in council. Mary was
already aware that the chief of the English commissioners,

the duke of Norfolk, was secretly an aspirant to the peril

of her hand; and on October 21st she gave the first sign

of assent to the suggestion of a divorce from Bothwell.

On the 26th of October the charge of complicity in the

murder of Darnley was distinctly brought forward against

her in spite of Norfolk's reluctance and Murray's previous

hesitation. .Elizabeth, by the mouth of her chief justice,

formally rebuked the audacity of the subjects who durst

bring such a charge against their sovereign, and challenged

them to advance their proofs. They complied by the pro-

duction of an indictment under live heads, supported by

the necessary evidence of documents. The number of

English commissioners was increased, and they were bound

to preserve secrecy as to the matters revealed. Further

evidence was supplied by Thomas Crawford, a retainer of

the house of Lennox, tallying so exactly with the text of

the casket letters as to have been cited in proof that the

latter must needs be a forgery. Elizabeth, on the close oi

the evidence, invited Mary to reply to the proofs alleged

before she could be admitted to her presence ; but Mary
simply desired her commissioners to withdraw froni the

conference. She declined with scorn the proposal made
by Elizabeth through Knollys, that she should sign a

second abdication in favour of her sou. On January 10,

1569, the judgment given at the conference acquitted

Murray and his adherents of rebellion, while affirming that

nothing had been proved against Mary,—a verdict accepted

by Murray as equivalent to a practical recognition of his

office as regent for the infant king. This position ho was

not long to hold ; and the fierce e.\ultatiou of Mary at, tba
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Dews of bis murder gave to tnose wlio believed in Ler

complicity with the murderer, on whom a pension was

bestowed by her unblushing gratitude, fresh reason to fear,

if her liberty of correspondence and intrigue were not

restrained, the likelihood of a similar fate for Elizabeth,

On January 26, 16C9, she had been removed from Bolton

Castle to Tutbury in Staffordshire, where proposals were

conveyed to her, at the instigation of Leicester, for a

marriage with tho duke of Norfolk, to which she gave a

graciously conditional assent ; but the discovery of these

proposals consigned Norfolk to the Tower, and on the out-

break of an insurrection in the north Mary, by Lord
Hunsdon's advice, was again removed to Coventry, when a

body of her intending deliverers was within a day's ride of

Tutbury. On the 23d of January following Murray was

assassinated ; and a second northern insurrection was
crushed in a single sharp fight by Lord H.'nsdon. lu

October Cecil had an interview with JIary at Chatsworth,

when the conditions of her possible restoration to the throne

incompliance with French demands w-ere debated at length.

The queen of Scots, with dauntless dignity, refused to yield

the castles of Edinburgh and Dumbarton into English

keeping, or to deliver up her fugitive English partisans

then in Scotland ; upon other points they came to terms,

and the articles were signed October 16. On the same
day Mary wrote to Elizabeth, recjuesting with grajeful

earnestness the favour of an interview which might reassure

her against the suggestion that this treaty was a mere pre-

tence. On November 28 she was removed to Sheffield

Castle, where she remained for tho next fourteen years in

charge of the earl of Shrewsbury. The detection of a plot,

in which Norfolk was implicated, for the invasion o£

England by Spain on behalf of Mary, who was then to

take him as the fourth and most contemptible of her

husbands, made necessary the reduction of her household

and the stricter confinement of her person. On May 28,

1572, a demaud from both houses of parliament for her

execution as well as Norfolk's was generously rejected by
Elizabeth ; but after the punishment of the traitorous pre-

tender to her hand, on whom she had lavished many
eloquent letters of affectionate protestation, she fell into
" a passion of sickness " which convinced her honest keeper

o.f her genuine grief for the ducal caitiff. A treaty pro-

jected on tho news of the massacre of St Bartholomew,

by which iMary should be sent back to Scotland for

immediate execution, was broken off by the death of the

earl of JIar, who had succeeded Lennox as regent; nor

was it found possible to come to acceptable terms on a liko

understanding with his successor Jlorton, who in 1577
sent a proposal to Mary for her restoration, which she

declined, in suspicion of a plot laid to entrap her by the

policy of Sir Francis Walsingham, the most unscrupulously

patriotic of her English enemies, who four years afterwards

sent word to Scotland that the execution of Morton, so

long the ally of England, would be answered by the

execution of Mary. But on that occasion Elizabeth again

refused her assent either to the trial of Mary or to her

transference from Sheffield to the Tower. In 1581 Mary
accepted the advice of Catherine de' Medici and Henry III.

that she should allow her son's title to reign as king of

Scotland conjointly with herself when released and restored

to a share of the throne. This plan was but part of a
scheme including the invasion of England by her kinsman
the duke of Guise, who was to land in the north and raise

a Scottish army to place the released prisoner of Sheffield

beside her son on the throne of Elizabeth. After the

overthrow of the Scottish accomplices in this notable pro-

ject, Mary poured forth upon Elizabeth a torrent of pathetic

and eloquent reproach for the many wrongs she had suffered

at the hands of her hostess, and pledged her honour to the

assurance (hat she now aspired to no kingdom but that of
heaven. In the spring of 1583 she retained enough of
this saintly resignation to ask for nothing but liberty^

without a share in the government of Scotland ; but Lord
Burghloy not unreasonably preferred, if feasible, to reconcile-

the alliance of her son with the detention of his mother.
In 1584 the long-suffering earl of Shrewsbury was relieved

of his fourteen years' charge through the involuntary good
offices of his wife, whose daughter by her first husbaud
had married a brother of Darnley , and their orphan child

Arabella, born in England, of royal descent on tho father's,

side, was now, in the hopeful view of her grandmother, a
m^rfe plausible claimant than the king or queen of Scots to

the inheritance of the English throne. In December 1583
Jlary had laid before the French ambassador her first com-
plaint of the slanders spread by Lady Shrewsbury and her

sons, who were ultimately compelled to confess tho false-

hood of their imputations on the queen of Scots and her

keeper. It was probably at the time when a' desire for

revenge onhercalumniatress made her think the opportunity

good and safe for discharge of such a two-edged dart at

the countess and the queen that Mary wrote, but abstained

from despatching, the famous and terrible letter in which,

with many gracious excuses and professions of regret and
attachment, she transmits to Elizabeth a full and vivid

report of the hideous gossip retailed by Bess of Hardwick
regarding her character and person at a time when the

reporter of these abominations was on friendly terms with

her husband's royal charge. In the autumn of 1584 she

was^ removed to Wingfield Manor under charge of Sir Ralph

Sadler and John Somers, who accompanied her also on her

next removal to Tutbury in January 1585. A letter

received by her in that cold, dark, and unhealthy castle, of

which fifteen years before she had made painful ind

malodorous experience, assured her that her son vould

acknowledge her only as qieen-mother, and provoked at

once the threat of a parent s curse and an application tc^

Elizabeth for sympathy. In April 1586 Sir Amyas Paulet

was appointed to the office of which Sadler, accused of

careless indulgence; had requested to be relieved ; and on

Christmas Eve she was removed from the hateful shelter of

Tutbury to the castle of Chartley in tho same county. Her
correspondence in cipher from thence with her English

agents abroad, intercepted by Walsingham and deciphered

by his secretary, gave eager encouragement to the desiga

for a Spani-sh invasion of England under the prince of

Parma,—an enterprise in which she would do her utmost

to make her son take part, and in case of his refusal would

induce the Catholic nobles of Scotland to betray him into

the hands of Philip, from whose tutelage he should ba

released only on her demand, or if after her death he

should wish to return, nor then unless he had become a

Catholic. But even these patriotic and maternal schemes

to consign her child and reconsign the kingdom to the

keeping of the Inquisition, incarnate in the widower of

Mary 'Tudor, were superseded by the attraction of a con-

spiracy against the throne and life of Elizabeth. Anthony
Babington, in his boyhood a ward of Shrewsbury, resident

in the household at Sheffield Castle, and thus subjected to

the charm before which so many victims had already

fallen, was now induced to undertake the deliverance of

the queen of Scots by the murder of the queen of England.

It is maintained by those admirers of Mary who assume

her to have been an almost absolute imbecile, gifted with

the power of imposing herself on the world as a woman
of unsurpassed ability, that, while cognizant of the plot for

her deliverance by English rebels and an invading army
of foreign auxiliaries, she might have been innocently

unconscious that this conspiracy involved the simultaneous

assassination of Elizabeth. In the conduct and detectioa



Of SCOTLAND,] U A R. y 601

«f her correspondence with Babington, traitor was played

ofiF against traitor., and spies were utilized against assassins,

with as little scruple as could be required or expected in

the diplomacy of the time. As in the case of the casket

letters, it is alleged that forgery was employed to inter-

polate sufficient evidence of JIary's complicity in a design

of which ib is thought credible that she was kept in

ignorance by the traitors and murderers who had enrolled

themselves in ber service,—that one who pensioned the

actual murderer of Murray and b would be murderer of

Elizabeth was incapable of approving what her keen and
practised intelligence was too blunt and torpid to anticipate

as inevitable and inseparable from the general design. In

August the conspirators were netted, and Mary was arrested

at the gate of Tixall Park, wliitber Paulet had taken her

under pretence of a hunting party. At Tixall she was
detained till her papers at Chartley had undergone thorough

research. That she was at length taken in her own toils

even such a dullard as her admirers depict her could not

have failed to understand ; that she was no such dastard

Bs to desire or deserve such defenders the whole brief

course of her remaining life bore consistent and irrefragable

witness. Her first thought on her return to Chartley was
one of loyal gratitude and womanly sympathy. She
cheered the wife of her English secretary, now under arrest,

with promises to answer for her husband to all accusations

brought against him, took her new-born child from the

mother's arms, and in default of clergy baptized it, to

Paulet's Puritanic horror, with her own hands by her own
name. The next or the twin-born impulse of her indomit-

able nature was, as usual in all times of danger, one of

passionate and high-spirited defiance, on discovering the

seizure of her papers. A fortnight afterwards her keys

and her money were confiscated, while she, bedridden and
nnable to niove her hand, could only ply the terrible

weapon of her bitter and fiery tongue. Her secretaries

were examined in London, and one of them gave evidence

that she had first heard of the conspiracy by letter from
Babington, of whoso design against the life of Elizabeth

she thought it best to take no notice in her reply, though
she did not hold herself bound to reveal it. On the 25th
of September she was removed to the strong castle of

Fotheringay in Northamptonshire. On the 6th of October
she was desired by letter from Elizabeth to answer the

charges brought against her before certain of the chief

English nobles appointed to sit in commission on the cause.

In spite of her first refusal to submit, she was induced by
the arguments of the vice-chamberlain. Sir Christopher
Ilatton, to appear before this tribunal on condition that

her protest should be registered against the legality of its

jurisdiction over a sovereign, the next heir of the English
crown.

On the 14th and 15th of October 1586 the trial was
held in the hall of Fotheringay Castle. Alone, " without
one counsellor on her side among so many," Mary con-

ducted the whole of her own defence with courage
incomparable and unsurpassable ability. Pathos and
indignation, subtlety and simplicity, personal ajipeal and
political reasoning, were the alternate weapons with which
she fought again'^t all odds of evidence or inference, and
disputed step by step every inch of debatable ground.
She repeatedly insisted on the production of proof in her
own handwriting as to her complicity with the project of
the assassins who had expiated their crime on the 20th
and 21st of the month preceding. When the charge was
ehiftcd to the question of her intrigues with Spain, she
took her stand resolutely on her right to convey whatever
right she possessed, though now no kingdom was left her
for disposal, to whomsoever she might choose. One single

sUp she made in thp whole course of her defence : but

1 >—r/'S

none could have been more unluckily characteristic and
significant. When Burghley brought against her the

unanswerable charge of having at that moment in her

service, and in receipt of an annual pension, the instigator

of a previous attempt on the life of Elizabeth, she had the

unwary audacity to cite in her justification the pensions

allowed by Elizabeth to her adversaries in Scotland, and
especially to her son. It is , remarkable that just two
months later, in a conversation with her keepers, she again

made use of the same extraordinary argument in reply to

the same inevitable imputation, and would not be brought
to admit that the two cases were other than parallel. But
except for this single instance of oversight or perversity

her defence was throughout a masterpiece of indomitable

ingenuity, of delicate and steadfast courage, of womanly
dignity and genius. Finally she demanded, as she
had demanded before, a trial either before the estates

of the realm lawfully assembled, or else before the queen
in council. So closed the second day of the trial ; and before

the next day's work could begin a note of two or three lines

hastily written at midnight informed the commissioners
that Elizabeth had suddenly determined to adjourn the

expected judgment and transfer the place of it to the star-

chamber. Here, on the 25th of October, the commissioners
again met ; and one of them alone. Lord Zouch, dissented

from the verdict by which Mary was found guilty of

having, since the 1st of June preceding, compassed and
imagined divers matters tending to the destruction of

Elizabeth. This verdict was conveyed to her, about three

weeks later, by Lord Buckhurst and Robert Beale, clerk

of the privy council. At the intimation that her life waa
an impediment to the security of the received religion,

"she seemed with a certain unwonted alacrity to triumph,
giving God thanks, and rejoicing in her heart that she was
held to be an instrument" for the restoration of her own
faith. This note of exultation as in martyrdom was
maintained with unflinching courage to the last. She
wrote to Elizabeth and the duke of Guise two letters of

almost matchless eloquence and pathos, admirable especially

fur their loyal and grateful remembrance of all her faithful

servants. Between the date of these letters and the day
of her execution wellnigh three months of suspense elapsed.

Elizabeth, fearless almost to a fault in face of physical

danger, constant in her confidence even after discovery of

her narrow escape from the poisoned bullets of household

conspirators, was cowardly even to a crime in face of

subtler and moro complicated peril „ She rejected with

resolute dignity the intercession of French envoys for thq

life of the queen-dowager of France ; she allowed the

sentence of death to bo proclaimed, and welcomed with"

bonfires and bell-ringing throughout the length of England
;

she yielded a respite of twelve days to the pleading of the

French ambassador, and had a charge trumped up against

him of participation in a conspiracy against her life ; at

length, on the 1st of February 1587, she signed the death-

warrant, and then made her secretaries write word to

Paulet of her displeasure that in all this time he should

not of himself have found out some way to shorten the life

of his prisoner, as in duty bound by his oath, and thus

relieve her singularly tender conscience from the guilt of

bloodshed. Paulet, with loyal and regretful indignation,

declined the disgrace proposed to him in a suggestion " to

shed blood without law or warrant " ; and on the 7th of

February the earls of Shrewsbury and Kent arrived at

Fotheringay with the commission of the council for execu'

Lion of the sentence given against his prisoner,' !Mary

received the announcement with majestic' tranquillity,

expressing in dignified terms her readiness" to die, her

consciousness that she was a martyr for her religion, onel

her total ignorance of any conspiracy against the life ol
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Elizabetb. At night she took a graceful and affectionate

leave of her attendants, distributed among them her money
and jewels, wrote out in full the various legacies to be con-

veyed by her will, and charged her apothecary Gorion with

hsr last messages for the king of Spain. In these messages

the whole nature of the woman was revealed. Not a single

friend, not a single enemy, was forgotten ; the slightest

service, the slightest wrong, had its place assigned in her

faithful and implacable memory for retribution or reward.

Forgiveness of injuries was as alien from her fierce and
loyal spirit as forgetfuloess of benefits ; the destruction of

England and its liberties by Spanish invasion and conquest

was tha strongest aspiration of her parting soul. At eight

aext morning she entered the hall of execution, having

taken leave of the weeping envoy from Scotland, to whom
she gave a brief message for her son ; took her seat on the

scaffold, listened with an air of even cheerful unconcern to

the reading of her sentence, "oolemnly declared her innocence

of the charge conveyed in it and her consolation in the

prospect of ultimate justice, rejected the professional

services of Richard Fletcher, dean of Peterborough, lifted

up her voice in Latin against his in English prayer, and
when he and his fellow-worshippers had fallen duly silent

prayed aloud for tho prosperity of her own church, for

Elizabetb, for her son, and for all the enemies whom she

had commended overnight to the notice of the Spanish

invader; then, with no less courage than had marked every

hour and every action of her life, received the stroke of

death from the wavering hand of the headsman.
Mary Stuart was .n many respects the creature of her

age, of her creed, and of her station ; but the noblest and
most noteworthy qualities of her nature were independent

of rank, opinion, or time. Even the detractors who defend

her conduct on the plea that she was a dastard and a dupe
are compelled in the same breath to retract this implied

reproach, and to admit, with illogical acclamation and
incongruous applause, that the world never saw more
splendid courage at the service of more brilliant intelli-

gence, that a braver if not "a rarer spirit never did steer

humanity." A kinder or more faithful friend, a deadlier

or more dangerous enemy, it would be impossible to dread

or to desire. Passion alone could shake the double fortress

of her impregnable heart and ever active brain. The
passion of love, after very sufficient experience, she

apparently and naturally outlived ; the passion of hatred

and revenge was as inextinguishable in her inmost nature

63 the emotion of loyalty and gratitude. Of repentance

it would seem that she knew as little as of fear, having
been trained from her infancy in a religion where the

Decalogue was supplanted by the Creed. Adept as she

was in the most exquisite delicacy of dissimulation, the

most salient note of her original disposition was daring

rather than subtlety. Beside or behind the voluptuous or

intellectual attractions of beauty and culture, she had about

her the fresher charm of a fearless and frank simplicity, a

genuine and enduring pleasure in small and harmless things

no less than in such as were neither In 15G2 she amused
herself for some days by living " with her little troop " in

the house of a burgess of St Andrews *'like a burgess's

ffife," assuring the English ambassador that he should not

find the queen there,—"nor I know not myself where she

|s become." From Sheffield Lodge, twelve years later,

she applied to the archbishop of Glasgow and the cardinal

pf Guise for some pretty little dogs, to be sent her in

baskets very warmly packed,—"for besides reading and
working, I take pleasure only in all the little animals that

I can get." No lapse of reconciling time, no extent of

oomparative indulgence, could break her in to resignation,

submission, or toleration of even partial restraint. .Three

months after the massacre of St Bartholomew had caused

some additional restrictions to be placed upon her freedom

of action, Shrewsbury writes to Burghley that " rather

than continue this imprisonment she sticks not to say she

will give her body, her son, and country for liberty " ; nor
did she ever show any excess of regard for any of the three.

For her own freedom of will and of way, of passion and of

action, she cared much ; for her creed she cared something

;

for her country she care'' less than nothing. She would
have flung Scotland with England into the hellfire of

Spanish Catholicism rather than forego the faintest chance

of personal revenge. Her profession of a desire to be
instructed in the doctrines of Anglican Protestantism waa
so transparently a pious fraud as rather to afford confirma-

tion than to arouse suspicion of her fidelity to the teaching

of her church. Elizabeth, so shamefully her inferior in

personal loyalty, fidelity, and gratitude, waa as clearly her

superior on the one all-important point of patriotism. The
saving salt of Elizabeth's character, with all its wellnigh

incredible mixture of heroism and egotism, meanness and
magnificence, was simply this, that, overmuch as she loved

herself, she did yet love England better. Her best though
not her only fine qualities were national and political, the

high public virtues of a good public servant ; in the private

and personal qualities which attract and attach a friend to

his friend and a follower to his leader, no man or woman
was ever more constant and more eminent than Mary,

Queen of Scots. (a. c. s.)

MARYBOROUGH, a town of Queensland, Australia,

in the county of March, on the left bank of the Mary
river, 25 miles from its mouth, about 180 miles north of

Brisbane, in 25° 35' S. lat. and 152° 43' E. long. It ia

the principal shipping port for an extensive district, com-

municating by steamer and coach with Brisbane and (since

1881) by railway with the Gympie gold-fields, 54 miles

to the south. A large shipbuilding yard, saw-mills, dis-

tilleries, breweries, and soap-works are among the industrial

establishments of the town, and extensive sugar factories

exist in the neighbourhood. Besides a handsome court-

house and town-hall, the public buildings comprise a

hospital, a school of arts with a considerable library, and
immigration barracks. Gas-lighting and water from the

Tinana creek were both introduced in 1879. The popula-.

tion of the census district in 1876 was 8608, that of the

municipal area about 7000. Maryborough had only about

600 inhabitants in- 1860; the municipality dates from

1861, and was reincorporated in 1875,

MARYLAxND.

MARYLAND, one of the ce. tral Atlantic States, and one of Plate

the original thirteen, lies between the parallels of 37° .53'

and 39c 43' Hi" W. lat. and the nieriiliaiis of 7.5= 4' and 79° 33'

W. long, from Greenwich. It is bounded on the north by
Pennsylvania and Delaware ; on the east by Delaware and the

Atlantic ocean; on the south and west by the Potomac river

and its estuary, which separate it from \irginia and West
Virginia. Its width varies from 3 or 4 miles to PiO miles; it«

extreme length from east to west is 19S miles. The total area

of tile State is 12,210 square miles, of which 9,860 squai'e miles

is land surface, and 2,350 square miles is covered by the waters of

the Potomac and other rivers, and of Chesapeake bay.

Topoiiriiphy.—The eastern shore is mostly level, and in por-

tions swamjjy, but toward the neck of the peninsula, at the

north, more rocky and broken. The western shore is level and
sandy as far north as the (jreat Falls of the Potomac; above
that point it rises in terraces, and soon in broken and rugged
hills. The country is quite mountainous toward the northwest,

in the vicinity of Rockville. The five or six mountain ranges of

the .Vlleghiuiies, including Blue Ridge and Laurel Ridge, ex-

tend acr<jss the narrow northwest portion of the State. The
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highest monntaimre in Garrett county In the extreme west-

em part of the Sb, but none of thini are over 2,500 feet high.

Wasliinglon amv, lying between Tnscarora monntain and
South mountain, a part of the Cuniberlaiul vallcv, and is re-

nowned for its pii rts<|ue scenery, and for its richsi)il. The At-

lantic coast jiropdias a U'ngth of only 33 miles, with no good
harbors ; but (yhepeake l>ay, whicli is the cential geograpliical

feature of tlie Sta and extends in a northerly direction almtwt

to the northern bndary of the State, furnishes a coast line of

more than TjOO nus. At its ocean mouth, tJic hay is 12 miles

wide; its width a he widest ]ioint is 40 miles, and its average

breadth is 10 mil. It is navigable throughout its whole ex-

tent, and has nniirous exceiUnt harbors. The principal river

is the Potomac, \\icli is navigable for 125 miles to Washington

city. The I'otons rises in the mountains of West \ irginia,

and flows fii-st nthcast and then southeast for a distance of

about 450 miles, 'he lower part of the river below Alexandria

is, in reality, an eiary, where it widens out to a great hreailth.

The I'atuxent, \ich is its largest river wholly within the

State, is navigabbor small craft about 40 miles. The Patapsco,

on which the city)f liiltiniore is situated, is navigable for 22
miles. The othcrivers of the State are—on the eastern shore,

the Pocomoke, Anokin, Nanticoke, t'hoptank, St. Michaels,

Wye, t'hester, Saafrasand KIk; on the western shore, the Wi-
comico, South, Stern, liusli and Susipiehanna. Many of these

are rather estuarii than rivers, especially in llie lower part of

their eourees, andre not navigable for any distance alxive their

mouths. The tii rises and falls in all these rivere. Three
sounds, known a St. Martin's bay, Siuepuxent bay and ( hin-

coteague bay, lie etwcen the eastern shore and the islanil reefs

that receive the tiantic surt'. There are numerous islands in

Chesaiieake bayuid Pocomoke sound. Tangier .sound and
Eastern bay are u reality only portions of t'hesapeake bay,

separated from il)y these islands, the largest of which are As-

oateague, TangieiSmilh's, Holland's, Bloodworth's, and Kent.
(leuloyy.—The )wer part of the eastern shore as far north a.s

the Choptank rier, St. Mary's and t alvert counties on the

western shore, ail the islands in the bay are wholly alluvial.

The northern pai of the eastern shore, l>etween the Choptank
and the Klk ri;r, and Ann .Vrundel, Princes George and

Charles counties a the western shore, arc a Tertiary formation,

niaiidy Pleistocei; and .Miocene, with some :ugillaceous clays

and .slates of earlirdate, which are of great value a.s a fertilizer.

A narrow belt olthc cretaceous formation runs southwesterly

from New JerseMo the Potomac. lieyond this is a wide strip

of Eozoic rocks, of which the more important are limestone,

gneiss, granite, s<-])enline, talc-slates and hydrated magnesian
eiliciiles. \ narrw strip of the new red sandstone runs through

the middle of thi Kozoic bell, entering the Slate near the head
of the bay, and ctending southwest through the eastern part of

Frederick countv to the Polomac. Westward (jf the metamor-
pliic rocks is a vide belt of llie Silurian I'ormaliou, containing

Potsdam sandstones, Trenton limestones, etc. Following these

are the l)evoniaii red shales and sandstones, which, in the ex-

treme in.rthwestem jiart of the State, are overlaid by the car-

boniferous formaiion, containing some of the most important
bituminous coal measiire-s in .\merica. Of these, the largest are in

the vicinity of (.eorge's creek valley, east of Savage mountain.
In this valley, wliich is about 20 miles long, is the "big seam,"
having' a thickness of 14 feet. Copper, chrome iron, hiematitic

iron and other minerals, including mangiuicse, gjilena and bary-
t<'.s, an- found in the belt of Kozoic rocks in the center of llie Slate.

Hreccia and other marbles and building sandstones and lime-

stones are quarried from these rocks. I'og iron is found on the

eastern ^hore.

In l.sso, Maryland produced 2,227,844 tons of bituminous
coal, valued at.'r2,5S4, 455; 57,'.)40 tons of iron ore, valued at

ifll«,050; 072 t(.n8 of zinc ore, valued at t;7,200, and 30,910
pounds of copper ingots ; the total value of all mineral products
was $2,xi!9,008.

Soil ami ]'rri<i'tlion.—In the eastern part of the State the soil

Ls composed of clay and sandj is easily tilled, .ind with a fuir

•tipply of fertilizers yields excellent crop-i. Peaches and other

fruits are successfully cultivated on these lands. It is estimated

that Maryland, Delaware and New Jei-sey furnish nearly nine-

tenths of the peach crop of the Atlantic coast. In the central

and northern counties of the State the valley soil is very fertile,

yielding large crops of tobacco, Indian com and wheat. Among
the t'orest trees, the deciduous oaks, maple, hickory, walnut,

chestnut, ash, birch, the pine and spruce arc especially abun-
dant in the momilainoiis districts. The beech, poplar, sycamore,

sassafras, red maiile, cedar, gum, cypress, elm, dogwtod, magno-
lia, juniper and holly trees are found in the lowlands. In all,

there are about one hundre<l species of trees in the State.

Climale.—The climate of Maryland is equable and generally

healthful, removed both from the protracted heat of the south

and from the extreme cold of the north. Along the marshy
lands, bordering the lower Potomac and the bay, miasmatic in-

llueiices are prevalent, and fevers of a kinilred nature occur.

The average mean temperature in the western part of the State

is 50°, in the middle 54°, and in the southern 5(i°. At Balti-

more the average mean tempei'ature of the year is 54° (54'; of

spring, 48.2°; of siunmer, 76.3°; of autuimi, 47.2°; of winter,

33.6°. The total rainfall for the year is 48.11 inches. The
mean animal barometer is 30.057 inches. In ISSO the death
rate in the state was l.Sl per cent

Fislicries.—The oyster fishery is the most important of the
Maryland lisheries. In 1880, the number of persons employed
in the fisheries was 26,008 ; the capital invested was .56,342,443

;

the value of products was $5,221,715. The number of vessels

was 1,450, with a tonnage of 43,500, and a value of 81,750,000.
The number of boats was 2,825, with a value of 1^186,448. The
value of the products of the general fisheries was ?479,388 ; of
the menhaden tisiiery, $11,861 ; of the oyster fishery, ?4,730,-
476.

Manufactures.—In 1880 there were 6,787 mechanical and
manufacturing establishments in Maryland, employing a capital

of l*5S,742,3s4, the total number of operatives was 74,945, of
whom 46,698 were males above 16 years of age; 21,700 females
above 15 yeai-s and 6,547 were children and youths. The total

amount paid in wages during the year was f 18,904,965; the
value of materials was $66,937,846, and the value of products
$106,780,563.

llailroadi^.—The railroad system of Maryland with the ex-
ception of a few local roads, is so vitally connected with that of
otherStatcs, and is so little under the control of the State, that it

can scarcely be considered by itself. The most imptu'tant road
is the Kaltiinore A Ohio, wliich, including its branches, has
more than 3tH) miles of track in the State. In 1886,* the total

length of line of railroads in the State was 1,246 miles: the length
of line ojiei-ated was 1,202 miles. The capital stock was
$46,313,224; the bonded debt. $44,019,200; the unfunded debt,

$2,617,520; the cost of railroads and ciiuipments, $93,522,156.
The gross earnings from all sources were $13,078,092 ; the net
earnings, $.5,113,596.

C'limmercr.—The i)rincipal imports are coffee, iron and salt;

the principal exports, tobacco, giain and petroleum. The value
of the foreign imports in 1880 was $18,648,245; of the foreign

exports, $74,398,971. There are three ports of entry, of which
the port of Baltimore is the most important. In 1880, the num-
ber of foreign vessels arriving was 1,508 ; of foreign clearances

was 1,633; the number of vessels roistered in the State was
1,788.

Ayrinillurc.—The following table gives the farm statistics of

Maryland for the census vears 1850-80:
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Follo\viiig is a tal)le plviiis general statistics of agriculture

for the State of Maryland in the census years 1850-80:
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The staple crops of the State are tobacco, Indian com and
wheat. Maryland ranks seventh among the States in the pro-
duction of tobacco.

Finances.—In 1880, the net* State debt was §7,627,668 ; the
net county debt, 81,377,325 ; the municipal debt, including town-
ship and" school district debt, $1,891,013; the total debt,

$10,890,006. The estunated true valuation of propertv was 8869,-

000,000 On October 1, 1887, the State debt (funded) wa.s 810,-

960, 535. But as an offset to this, tlie State held 84,518,799 in

interest-paying securities of corporations, besides 827,723,287 in

unproductive securities. The amount raised by taxation in 1886
was $970,860. The amount of taxable property as assessed was
$485,839,772, including both real and personal. The State tax
on 8100 was 18f cents. During the year 1885-86 81,298,997
was paid in salaries to teachei-s, and the total expenses of public
schools in the State were 81,832,383.

Education.—In 1880, the whole number of public schools was
2,551, of which 109 were reported as high schools, or as having
high school departments, and 436 were separate schools for col-

ored children. The number of school buildings was 1,934. The
total value of school property was $2,083,013. The total re-

ceipts were 81,452,557, of which 81,343,707 was received from
Btate, county, city and other public fimds. The total expendi-
tures were $1,395,284, of which 81,117,145 were paid for

teachei-s' salaries. The total number of teachers was 3,038, of
whom 387 were colored. The wliole nimiber of pupils who at-

tended school during the year was 149,981, of wliom 26,533 were
colored. The total average daily attendance of pupils was 85,-

449. There are ten colleges in the State. They are: Frederick
college, at Frederick, established in 1797 ; Loyola college, at

•After deducting sinking funds.

Baltimore, established in 1853; Mt. St. Cle t's college, at

Ilchester, established in 1853 ; Mt. St. Marv's co e, at Emmitts-
burg, established in 1808; Rock Hill college, EUicott City,

establislied in 1867 ; St. Charles' college, nearlicott City, es-

tablished in 1848; St. John's college, at Ann! is, established

in 1789; Washington college, at Chestertov established in

1783; Western Maryland college, at ^\'estmins established in

1867, and Baltimore Female College, at Balti-e, esl.iblished

in 1849. Among the schools of a special char; r, Johns Uop-
kius Univei-sity stands pre-eminent. It is situ: at Baltimore.
It was opened in 18711, with an endowment o ire than three

million dollars. The other schools of a spec character are

the Beabody Institute, at Baltimore, with a ndowment ol

$1,171,46(;, and the McDonogh Scliool and Inste, at Owing"!
Mills. There are in the State three normal scl s, live schools

of medicine, and one school of science. The I ed States Mil-
itary Academy, at Annapolis, was establislied 850.

^(rcneral Social Slatislici.—In 1880 the whohital nimiber of

insane was 1,857, of whom 865 were male anc 2 female; the
total number of idiots was 1,319, of whom 806 ?re male and
513 female; the total number of blind was 9 of whom 477
were male and 469 female; the total number deaf-mutes was
671, of whom .366 were male and 305 female; total number
of paupers was 1,334, of whom 1,187 wereinma of almshouses.
Of these 664 were male and 523 female; tlieital number of

prLsonei's was 1,262, of whom 1,089 were maUid 173 female.

Maryland has one State and four private ins; asylums; two
State blind institutions, one for white and the ler for colored

inmates; one public and one private institutio::ir deaf-mutes;

one State penitentiary, and one State and three i

tories, and one State house of correction. In •

143 periodicals published in the State, of whi
voted to news, politics and family reading, ai

gioua. The principal religious denominations
dists, Episcopalians, Roman Catholics, Presby -ians, Baptists

and Lutherans.
Administration.—The e.Tecutive power of the

the governor, who is chosen by the electors foa

years. He holds the pardoning power, and any
veto can only be pa-ssed over the veto by athrec ftlis vote of all

the members ofeach house. He nominates, and ith the advice

and consent of the senate, appoints the secreta: of State, com-
missioner of the land office, the adjutant-genera af the militia,

the State librarian, and the coroners and notats public. He
also appoints an assistant secretary of State, th(State board of

health, two commissioners of fisheries, the auaineers of Balti-

more city, and other subordinate officers. He reives a salary of

$4,500 per annum. The comptroller of the tr .sury is elected

by the voters for two years; the treasurer is sel ted by the two
houses of the legislature for the same term. T ? attorney-gen-

eral and superintendent of labor and agricultui are chosen in

the same manner, and for the same term of otiic( -< tlie governor.

The governor appoints the State board of edui tiim, with the

advice and consent of tlie senate, and the princ al of the nor-

mal school is ex officio a member of the board, nd usually its

superintendent of public instruction. The legis ture consists of

a senate of 26 members, elected for four years, and a house of

delegates of 91 members, elected for two years. The legislature

called the general assembly, meets biennially, a d by the con-

stitution its sessions are limited to ninety days The judicial

power of the State is vested in the court ofappc^is, circuit courts

of the counties, several courts of Baltimore city.prphaus' courts,

and justices of the peace. These judges must ail be citizens of

Maryland, must be qualified voters^ and have readed in the State

not less than five yeai>, and in the district not less than sii

months. They are elected by the people of their respective dis-

tricts for a term of fifteen yeai-s.unless they soonerattain • h^ age ol

seventy years, when their ofiice expires. The court 1 appeali

is composed of the chiefjudges of the first sev^u judici.il circuit*

of the .State, and a .'udge from Baltimore city, ele '"^d speciallj

thereto. The chief justice is appointed by tlie governor from

among the judges of the court, with the advice and consent ol

the senate. There are eight judicial circuits, for the courts ol

each of which there is to be one chief and two associate justices,

except in Baltimore city, where the number of associate judgei

is necessarily increased. The orphans' courts are jire^ided over

by three judges in each county and in Baltimore city, who ar«

elected for four years. Their powers are substantially the same
with those of the judges of tlie probate or >uirogates in other

States. I'he judges of the peace in each comity are apjjointed by
the governor for two years, with the advice and consent of th»

senate. The State is entitled to six representatives hi congresa:

ivate reforma-

S80 there were
105 were de-

10 were reli-

e the Metho-

ate is vested in

a term of four

Us that he may
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Piijniiatwii.—The foUow'n; table gives the population at

«ich census, 1790-1890:
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Catherine, ia the presence of ^faxentius, arguing against

and converting eigbt learned doctors. After returning to

Florence, Jlasnccio was chiefly occupied in painting in

the church of the Carmine, and espeoAlly in that " Bmn-
cacci chapel " which he has rendered famous almost beyond
rivalry in the annals of painting.

The chaj)el liad been built enrly iii tlie 15th century by Felice

Michele di riuviobese Braucacci, a noble Florentine. Jlasaccio's

work in it began probably in 1423, and coutinucd at intervals

until ho finally quitted Florence in 1428. There is awhole library-

shelf of diseussion as to what particular tliinys were done by
Wasaccio and what by JIasoIino, and long afterwards by Filippiiio

Lip))i, in the Brancacci chajiel, nud also as to certain other paint-

ings by JIasaccio in the Carmine. He began with a trial piece, a
majestic figure of St Paul, not in the chapel ; this has perislied. A
monochrome of the Procession for the Consecration of the Chapel,
regarded as a wonderful example, for that early period, of per-

spective and of grouping, lias also disappeared, though there is some
suspicionfthat it might yet, with due pains and research, be
recovered ; it contained portraits of Brunelleschi, Donatello, and
many othei's. In the cloister of the Carmine was discovered in
recent years « portion of a fresco by Masaccio representing a pro-
cession ; but this, being in coloiu-s and not in monochrome, does
not appear to be the Brancacci procession. As regards the
works in the Brancacci chajiel itself, the prevalent opinion
now is that Masolino, who nsed to be credited with a considerable
portion of them, did either nothing, or at the utmost the solitary

eompartnient which represents St Peter restoring Tabitha to life,

and the same saint healing a cripple. The share which Filippino
Lippi bore in the work admits of little doubt ; to him are due
various items on which the fame of Masaccio used principally to be
based—as for instance the figure of St Paul nildressing Peter in
prison, which Raphael partly appropriated ; and hence it may be
observed that an eloquent and often-quol!ed outpouring of Sir

Joshua Reynolds in praise of JIasaccio ought in great part to be
transferred' to Filippino. What Masaccio really painted in the
chapel appears with tolerable certainty to be as follows, and is

ample enough to sustain the high reputation he has always enjoyed :

—(1) The Temptation of Adam and Eve
; (2) Peter and the Tribute-

Money
; (3) The Expulsion from Eden ; (4) Peter Preaching ; (5)

Peter Baptizing
; (6) Peter Almsgiving ; (7) Peter and John Curing

the Sick ; (iJ) Peter Restoring to Life the Son of King Theophilus of

Antioch was begun by Masaccio, including the separate incident of

Peter Enthroned, but a large propoi-tion is by Filippino ; (9) the
double subject already allotted to Jfasolino may perhaps bo by
Masaccio, and in that case it must have been one of the first in

order of execution. A few words may be given to these pictures

individually. (1) The Temptation shows x degree of appreciation

of nude foim, correspondin" to the feeliug of the antique, such as

was at that date uue.Tani))led in painting. (2) The Tribute-Money, a

full, harmonious, and expressive composition, contains a head re-

puted to be the portrait of Masaccio himself,—one of the apostles,

with full locks, a solid resolute countenance, and a pointed beard.

(3) The Expulsion was so much admired by Raphael that, with
comparatively slight modifications, he adopted it as hie own in one
of the subjects of the Logge of the Vatican. {5) Peter Baptizing

contains some nude figures of strong naturalistic design ; that of the

young man, prepared for the baptismal ceremony, who stands half-

^ivering in the raw air, has always been a popular favou/ite, and
ad'object of artistic ilndy. (8) Toe restoration of the young man
to life has been ojien to much discussion as to what precise subject

was in view, but the most probable opinion is that the legend of

King Theophilus was intended.

In 1427 Masaccio was living in Florence with his

mother, then for the second time a widow, and with his

younger brother Giovanni, a painter of no distinction ; he

possessed nothing but debts. In 1428 he was working,

as we have seer^ in the Brancacci chapel. Before the end
of that year he disappeared from Florence, going, as it

would appear, to Rome, to evade the importunities of

creditors. Immediately afterwards, in 1429, when his ago
was twenty-seven, he was reported dead. Poisoning by
jealous rivals in art was rumoured, but of this nothing is

known. The statement that several years afterwards, in

1443, he was buried in the Florentine church of the

Carmine, without any monument, seems to be improbable,

and to depend upon a confused account of the dates, which
have now, after long causing much bewilderment, been
eatisfactorily cleared up from extant documents.

It has been said: that Masaccio introduced ini6 pauuiflg

the plastic boldness of Donatello, and carried out the linear

I perspective of Paolo Ucceilo and Brunelleschi (whi> niiif

. ^iven him practical instruction), and he was also the first

painter who made some considerable advance in atmo.

spheric perspective. He was the tirst to make the archi-

tectural framework of his picture.^ correspond in a reason-

able way to the proportions of the figures. In tlie

Brancacci chapel he painted with extraordinary swiftness.

The contours of the feet and articulations in his pictures

are imperfect; and his most prominent device for giving

roundness to the figures (a point in which he made a great

advance upon his predecessors) was a somewhat mannered
way of putting the high lights npon the edges. His
draperies were broad and easy, and his landscape details

natural, and superior to his aga In fact, he led the way
in representing the objects of nature correctly, with action,

liveliness, and relief Soon after his death, his work was

recognized at its right value, and led to notable advances

;

and all the greatest artists of Italj', through studying the

Brancacci chapel, became his champions and disciples.

Of the works attributed to Masaccio in public or private gallerifs

hardly any are authentic. The one in the Florentiue Academy, tl»e

Virgin and Child in the Lap of .St Anna, is an exception. The so-

'called portrait of Masaccio in the UHi/.i Gallery is more probably
Filippino Lippi ; and Filippino, or Botticelli, may be the real author

of the head, termed a JIasac.-io, in the London Xational Gallery.

MAS.\NIELLO (an abbreviation of Tommaso Aniello
or An'ello) was the leader of the Neapolitan revolt in

July 1647. For many years the Spanish Government, in

straits for money, had exacted large sums from the Two
Sicilies, although the privileges granted by Ferdinand and
Charles V. had exempted them both from taxes on the

necessaries of life and from all external payments whatever.

Now, however, under Philip III. and Philip IV., the exac-

tions, heavy in themselves, were made more oppressive by
being farmed out to contractors, while the sums raised wore
usually conveyed to Spain and spent on purposes often hav-

ing no connexion with Naples. Meantime the industrial

classes were scourged by the excesses of the nobility and the

lawlessness of banditti. At length, at the end of 1646, the

duke of Arcos demanded a million ducats in gold ; and it

was resolved after much opposition to raise it from fruit,

one of the most important articles of food to a southern

people. Petitions delayed but did not remove the tax; on
June 6 a toll-house was actually blown up, but the viceroy

did not give way. The discontent was fomented by
Genovino, who had been chosen " elect of the people " (that

is, of the district of the city where the common people had
the right of! voting) in 1619 by the duke of Osuna's

influence, and had been employed by him as an agitator.

After the duke's recall he had been long in prison, and
then returned to Naples and became a priest. He selected

for his purpose Masaniello, a fisherman of Naples, then

twenty-seven years old, well built, intelligent, and very

popular in the city. He was so poor, we are told, that he
was usually obliged to content himself with selling paper

to wrap up the fish that others sold. He had special

cause too for hatred to the taxes : his wife had tried to

smuggle a bag of flour into the city as an infant ; she had
been imprisoned, and his scanty possessions had barely

sufficed to pay her fine. The temporary success of a rising

at Palermo Lad dtirrtd the people to a sense of their power,

and very little was wanted to produce an explosion. Od
July 16, the feast of S. Maria del Carmine, it was customary

to make a sort of castle which was defended by one body
of youths armed with sticks and stormed by another.

Masaniello had been chosen captain of one of these parties,

and got together four hundred young men, with whom he
had already raised the cry of " Dovvn with the taxes " when
the crisis was precipitated by a quarrel. On Sunday the

7th a dispute arose in the market (on which Masaniello's

hou^g looked) whether the gardeners or the buyers of thair
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frmt ebould pay the tax. Finally tiie i-wncr of the fruit

(8?'d to have been a kinsman of Ma'^aiiiello) upset his

basket, saying he would sooner let the pcojle have it for

nothing than pay the tax. Masanicllo cams u;) ; the tax

collectors were pelted 7'ith fruit and then with stones, and

the toll-house was bu'nt with cries of—" The king of Sp.iin

and plenfy ; down with nii.sgovernment and taxes." The
viceroy attempted without effect to quiet the people by

promises ; his carriage was surrounded, and he escaped

with diificult.y to St Elmo. Jleanwhile the populace broke

open the prisons, and relca.'<ed all charged with offences

against the customs. In the evening, by advice of Genovino,

a meeting elected officers, and decided on their demands.

Masaniello was chosen captain, with one Perrone, who had

been in the service of Maddaloni, and at another time a

captain of banditti, as his lieutenant. Next day the people

went in search of arms ; many houses of persons who had

made themselves obnoxious to the people, and especially of

tax Tarmers, were sacked, and their contents burnt ; but

most of the historians of the time state that there were few

attempts to appropriate anything, and those few were

immediately punished. The duke of Maddaloni, a roan of

lawless life, but a decided opponent of the viceroy, was
selected as a likely intermediary with the people. The
latter demanded the original charter granted by Charles V.,

which was said to have wrongfully come into the viceroy's

own hands, the removal of all taxes imposed since Charles

V.'s death, and that the elect of the people should have as

many votes as the representatives of the nobles. All was
granted ; but the viceroy made entrenchments to guard the

approaches to the castle. Next day the sacking of tax

farmers' houses went on. The viceroy attempted to cheat

the people by sending documents simply drawn up by
himself; and then their rage burst out. Maddaloni was
seized and given into custody, but escaped in the night by
Perrone's connivance. The people were summoned to arras.

The cardinal archbishop Filomarino, who did his best to

mediate between the parties all through, came to them from

the viceroy, and it was arranged that he should bring them
the document. The seizure of arms went on, and
Masaniello marching out of the city disarmed and took

prisoners four hundred soldiers, while another body of

people did the same with six hundred German mercenaries.

On Wednesday Perrone made his appearance at the head
of three hundred bandits partly mounted, and fired upon
Masaniello, but without injuring him. The people rushed

upon them, and they were killed almost without exception.

Some confessed to having been instigated by Maddaloni,

and a price was set upon his head. His brother Giuseppe
Caraila was found in a monastery and killed, and his head
and foot were set upon pikes. A new elect of the people was
chosen, Arpaia, who had been a partisan of Genovino's in

the duke of Osuna's time, and had been condemned to the

galleys. On Thursday Maddaloni's house was plundered
and his property placed in a heap in the market under
guard. 'The castle being short of provisions, Masaniello

sent some as a present to the vicero}*. The Neapolitan
galleys, under Gianettino Doria, arrived the same day, and
Masaniello refused permission to land or to come nearer
than a mile to the shore, but sent provisions on board.

In fact he was now nndisputed ma.ster of the city, not
only organizing the military force in it with surprising

ability, but dispensing strict though severe justice.

Often ho sat inside his little house on the market, sword
or loaded gun in hand, while petitions and complaints
were handed to him ou the end of n pike through the
window; yet ho still went barefoot, dressed as a simple
fisherman. The people having assembled consulted

together on the terms of agreement ; it was settled

by the advice of Genovino that Masaniello should show

the articles agreed on to the duke at the palace (he woulii

not risk himself in the castle), and that the viceroy should

afterwards swear to them in the cathedral. Toward.'

evening the procession set out, Masaniello in a dress ol

cloth of silver pressed upon him by the archbishop. Ad
immense concourse of armed men, estimated at one hundred

and forty thousand, lined the way or accompanied hint

Before them went a trumpet proclaiming Vim il ri di

Spagna ed it Jhklissliiio popolo di Nopoli, Before enter-

ing the palace he exhibited the charter brought by the

archbishop, and charged them not to lay down their arms
till they had received the confirmation of their rights from
the king of Spain. "If I do not return in an hour," he

added, " wreck the city." He was received by the viceroy

as an equal. All the conditions were agreed to, the chief

being—that the elect of the people should have as many
votes as the nobles ; thiit all taxes should be removed
except those already existing in Charles V.'s time ; that the

viceroy should get the articles ratified by the king within

three months ; that no punishment should be inflicted on

those who had taken part in the rising ; and that the

)ieople should keep their arms till the ratification. On
the Friday Masaniello dismissed most of his followers to

their work, keeping a patrol of four men and a corporal

in each street. Next day the ceremony iu the cathedral

tcok place ; the duke of Canjano read the articles,

Masaniello meanwhile correcting and explaining, and the

viceroy solemnly swore to observe them. Then Masaniello

tore off his rich dress ; it was time, he said, to return to

his fish. And indeed from this time began his ruin. For

a week the care of a city, with hundreds of thousands of

inhabitants, had rested upon him ; he had been general,

judge, legislator, and during the whole time he had hardly

slept or eaten, the latter through dread of poison ; no

wonder if the fisherman's brain reeled under all this. His

justice had been severe, but hitherto it had struck men
who deserved punishment, the oppressor, the robber, the

hired cut-throat ; henceforth every one who ventured to

contradict him risked his life, and the only man who could

persuade him to mercy was the good archbishop. Five

hundred in all, it is said, wsre put to death by his order;

though it is probable that they were few compared to the

lives taken a short time afterwards by the viceroy in

defiance of his plighted word. Next day in fact the duke
set to work ; Genovino was made president of the chamber
in order to detach him from Masaniello, for which he was

the more ready as ^Masaniello was no longer the tool he

wanted. Genovino had already prevented the demand
for the surrender of St Elmo, which could easily have

been enforced, as the fort was not provisioned. Carlo and
Salvatore Cataneo with two others offered to the viceroy

to murder Masaniello, and he welcomed their services*

On Sunday Masaniello gave orders for laying down arms
and submitting to the viceroy, which were obeyed in some
quarters of the city before they could be recalled. He
tried in vain to get the viceroy to accompany him to

Posilippo, where he drank deeply, and in reckless extra-

vagance threw gold into the water to be dived for. Next
day his violence continued ; he struck his followers in the

street, and condemned several of his officers to death for not

immediately executing his orders. He cut out the head
from a picture of ]\Iaddaloni aud set it on a pike. Vitale

his secretary, sent on a message to the viceroy, talked of his

intention to raise a million ducats for the king by means
of forced gifts from the rich ; Vitale was detained in thd

castle on some pretext, and on leaving next morning was
killed by the people of the quarter, who had returned to

their allegiance. On Tuesday the 16th, the feast of S.

Maria del Carmine, Jlasaniello went up into the pulpit, and
in a wild harangue recapitulated his servicea He knew, he
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said, his death was near at hand ; then tearing open his dress

lie showed Hi's body emaciated by fatigue and want of food.

After some more wild talk ho was disarmed and confiued in

a cell in the monastery. There the quiet seems to have

restored him ; but his assassins soon broke in ; he turned

to meet them ; five shots were at once fired, and ho fell

dead. His head was cut off and carried through the

streets, while his body was dragged about for a while and
then buried outside the city. Next day some boys went
and dug up the body, washed it, and took the head from
the guard in charge of it. The Neapolitans forgot the

excesses of the last few days, and only remembered the

leader who had won them their great victory. People

plucked out his hairs and preserved them as relics, some
even prayed to him as a saint All the priests of the city

officiated at the fuueral, and even thn viceroy was repre-

sented by eight of liis pages. (c. H. B.)

MASAYA, a town in Nicaragua, Central America, on
the east side of the Lake of Masaya, about 55 miles south-

east of Managua, and 25 miles north-west of Granada.

The population, mostly of Indian blood, is estimated at

15,000 or 18,000 ; but, as nearly every house has its orchard

or garden, the buildings are spread over a much larger aroa

than this would suggest. Previous to 1871, when a steam-

pump was erected, all the water required had to be

carried from the lake, which lies 340 feet below the level

of the town. The volcano of Masaya on the opposite side

of the lake was active at the time of the conquest of

Nicaragua in 1522, and the conquerors, thinking the lava

they saw was gold, had themselves lowered into the

crater at the risk of their lives ; it hud a great eruption in

1670, and began to smoke again in 18G0.

MASCARA, a fortified town of Algeria in the province

of Gran, GO miles south-east of Gran, lies at a height of

1900 feet above the sea, on the southern slope of the first

chain of the Atlas mountains, and occupies two small hills

separated by the Oued Toudman. The walls, upwards of

2 miles in circuit, and strengthened by bastions and
towers, give the place a somewhat imposing appearance

;

the French part of the town is substantial and clean ; and
among the public buildings are three mosques (one used

as a church, another as a granary), a large hospital, a small

theatre, and the usual establishments attaching to the seat

of a sub-prefect and the centre of a military subdivision. A
public garden of 10 acres has been laid out in the ravine.

The population was 9442 in 1S66, and 9240 in 1872.
Ma-cara {i.e., place of soldiers) was the capital of a iKvlik dining

the Spanish occupation of Oran from the 16th to the close of tlie

18th century; but for the most of that period it occupied a site

about 2 miles distant from the present position. On the removal
of tlie bey to Oran its importance rapidly declined ; and it was quite

an insignificant place when in 1832 Abd-el-Kadir, who had been
born in the neighbourhood, chose it as the scat of his power. It was
laid in ruins by the French under Marshal Clauscl and the duke of

Orleans in 1835, and, being again occupied by Abd-el-K.-idir in

1838, was again captured in 1841 by Bugeaud and Lamoriciere.

JIASCARENE ISLANDS, or JIasc.«£XUas, a group
in the Indian Ocean to the east of Madagascar, consisting

of Mauritius (lie de France), Reunion (Bourbon), and
Rodriguez. Mauritius and Rodriguez belong to Great
Britain, Reunion to France. The collective title is derived

from the Portuguese navigator Garcia Mascarenhas, by
whom Bourbon, at first called Mascarenhas, was discovered

in 1505.

MASCARON, Jules, was born at Marseilles in 1 634, and
died at his diocesan city of Agen in 1703. His father was
an advocate, and he was himself intended for the law, but
he preferred the church. As a member of the Gratorian
congregation he preached in different provincial towns,
beginning with Saumur, and in all produced a great effect.

Then he went to Paris and quickly established his reputa-
tion at a time when the court, dissolute enoueh iu manners,

had already begun to exercise its connoisseurship in matters

of sacred eloquence. Several complimentary speeches of

Louis XIV. to Mascaron are handed down by tradition.

He was not, however, in the ordinary sense a courtier; or

if so he was a very bold and adroit one. In Lent 16C9 he-

preached before the king against adultery iu the strongest

terms. Either from respect for him or to get rid of him
Louis made him bishop of Tulle, but he still continued

occasionally to preach and to deliver oyai^ous fuHebres
before the court His reputation for these was so high
that the king not unfrequently indicated subjects to him
himself. His crowning success in this way was his funeral

sermon on Turenne iu 1675. He was afterwards translated

to Agen, where he died, as has been said ; but his appoint-

ment was not a banishment, and he was summoned raoro

than once to preach before the court, notably in his sixtieth

year, when Louis is said to have remarked to him, " Votre

eloquence n'a pas vicilli." JIascaron, though the contem-

porary of Bossuet, belongs to an older school .of oratory.

His stylo is unequal, and his taste not always sure, but

occasionally he has much vigour. Besides the Turenne
address liis funeral sermon on the chancellor S(5guier ranks

as his chief performance. These, with other similar pieces,

were collected and edited by Father Borde, a member of tb^^

author's own congregation, in 1740.

MASCHERGNI, Lorexzo (1750-1800), an Italian

geometer, was professor of mathematics at the university

of Pavia, and published a variety of mathematical works,

the best-known of which is his Geomelria del Compasso
(Pavia, 1797), a body of constructive geometry in which
the use of the circle alone is postulated. Many of the-

solutions are most ingenious, and some of the constructions-

of considerable practical importance.

The English reader will find a copious extract from Jlascheroni's

work in Leslie's Gcomclnj, 3d ed. , p. 204. There is a FrencU
translation by Carctte (Paris, 1798), who also wrote a biography ot
il.asclieronL

MASINISSA, a Numidian prince whose history is

closely intertwined with that of the wars between Rome
and Carthage. With true barbarian fickleness, and a keen
eye to his own interests, he espoused now one side now
the ether, inclining however on the whole decidedly in
favour of Rome, so much so indeed as to be spoken of by
Roman orators and historians as "a most faithful ally of

the Roman people." He was the son of a Numidian
king or chief. Gala, whose dominions coincided with the

eastern portions of Numidia, and thus bordered on
Carthaginian territory, or what is now Tunis. He was
educated, like many of the Numidian chiefs, at Carthage,

learnt Latin and Greek, it is said, and was in short an
accomplished as well as a naturally clever man. Although
his kingdom was nominally independent of Carthage, it

really stood to it in a relation of vassalage ; it was directly

under Carthaginian influences, and was imbued to a very

considerable extent with Carthaginian civilization. It

was to this that Masinissa owed his fame and success j he-

was a barbarian at heart, but he had a varnish of culture,

and to this he added the craft and cunning in which

Carthaginian statesmen were supposed to excel. While
yet a young man, he drove his neighbour Syphax,

prince of western Numidia, out of the country now known
as Algiers, and forced him to fly to the floors in the

extreme west of Africa. Soon afterwards he appears in

Spain, fighting for Carthage with a large force of Numidian
cavalry against the Romans under the two Scipios. The
defeat of the Carthaginian army in 206 rc, which for a

time at least gave the Romans complete mastery of the

south of Spain, led him to desert his old allies and to cast

in his lot svith the fortunes of Rome. The famous

Scipio Africanus is said to have cultivated his frieuduhij^
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and done all he could to secure Lis services for Lis

country. JIasinissa uow quitted Spain for e wliile for

Africa, and was again engaged in a war with Sypbax, in

which he was so decidedly worsted that he found himself

at last merely the head of a small band of marauders, and
waS obliged to confine his movements to the coast.

Scipio's arrival in Africa in 204 gave him another chance,

and no sooner had ho joined the Roman general than

he quite crushed Iiis old enemy, Syphax, and captured

Cirta (Constantineb), the capital of Syphax. Here occurs

the romantic story of Sophonisba, daughter of the

Carthaginian Hasdrubal, who had been promised in

marriage to Masinissa, but who had subsequently become
the wife of Syphax. !Masinissa, it is said, wedded her

inlmediately after his victory, but was required by Scipio

to dismiss her as a Carthaginian, and consequently an

enemy to Rome. To save her from such humiliation ho

Bcnt her poison, with which she destroyed herself.

Masinissa was now accepted as a thoroughly loyal ally of

Rome, and was confirmed by Scipio in the possession of

his hereditary kingdom. In the decisive battle of Zama,

202 B.C., which witnessed Hannibal's downfall, he com-

manded the cavalry on Scipio's right wing, and materially

assisted the Roman, victory. For his services on that

great day he had given him, under a treaty with Rome, the

kingdom of Syphax with its capital Cirta, and thus under

Roman protection he became master of the whole of

Numidia, and his dominions completely enclosed the

Carthaginian territories, now straitened and reduced at

the close of the Second Punic War.
Masinissa was still far from satisfied, and it would seem

that he almost had thoughts of annexing Carthage itself

with the connivance of Rome. He spared no opportunity

to harass and annoy the city by pressing unfair claims

to sonie of its best and oldest possessions, and threatening

perpetual encroachments. In a war which soon followed

he was successful ; the remonstrances of Carthage with

Rome on the behaviour of their ally were answered by
deputing Scipio to arbitrate in the quarrel, but, as though
intentionally on the part of Rome, no definite settlement

was arrived at, and thus the relations between ilasinissa

and the Carthaginians were still unfriendly. Rome, it is

certain, deliberately favoured her ally's nnjust claims with

the view of keeping Carthage weak. Masinissa too was
cunning enough to retain the friendship and good opinion

of the Roman people by helping them with liberal supplies

in their wars in the East, with Perseus of Iklacedon and
with Antiochus. As soon as Carthage seemed to be

recovering herself, and some of Masinissa's partisans were

driven from the city into exile, his policy was to alarm the

fears of Rome, till at last, in 149, war was declared,

the Third Punio War, which ended in the final and utter

overthrow of Carthage. The king bore some part in the

negotiations which preceded the war, and died soon after

its commencement in 148 I5.C., after a life of ninety and a
reign of sixty years.

Masinissa was an able ruler and a deciiled tenefactor to Numidia,
the resoufcss of which he developed, while he converted a |)cople

which had been little better than a plundering tiibo into a settled

and civilized population, and out of robbers and marauders iriado

efficient and disciplined soldiers. To his sons he bequeathed a well-

stored treasury, a formidable army, and even a llect. Cirta, his

capital, became a famous centre of rhoeoician civilization. In fact

Masinissa changed for the bet tor the whole aspect of a great part of
northern Africa. He had much of the Arab nature, was singularly

temperate, andeqnal to any amount of fatigue. His fidelity to Rome
was not the fidelity of prniciule, but merely that of taniporary ex-

pediency ; it is in the really good work ho did for his country
that the noblest side of his character comes into display.

For Masinissa, Llry and Salluat's Jityurtha must be specially consatted by
scholars. English renders may bo refcircd to a very full anlclo in Snutirs
DUHovar% of Classical fiiogyaphy\ also to Mommsen's History of ^Home and
Nlcbnbr's Itetuyts.

MASK, or Masque. Sec Du\ua, voL viL p. 431 sq.

MASK-ELYNE, Nevil (1732-1811), astronomer-royal

at Greenwich for nearly half a century, was born in London
October G, 1732. The great solar eclipse of 174S seems to

have n>adea deep impression upon him ; and after studying
divinity at Trinity Cullegc, Cambridge, of which he was
elected a fellow in 17.5G, he determined to devote himself

wholly to astronomy He early became intimate with

Eradlcy, and in 17G1 was deputed by the Royal Society to

make observations of the transit of Venus at St Helena.

During the voyage ho introduced into navigation the

determination of longitude by lunar distances, a method
which ^layer's recently published tables had made
[iractically possible. In 17G3 ho undertook a voyage to

Barbados to test Harrison's watches, which, however,

he reported to be inferior to the method of lunars for

determining longitude. In 17G5 he succeeded Bliss as

astronomer-royal, and thereafter devoted himself with
singular energy to the duties of his office, which he held

till his death, February 9, 1811.

Maskelyne's first contvilmtion to astronomical literature w.ts "A
Propos.-il for Discovering the Annual Parall.ix of Sirius," published
in 17G0 in the rhilosophicnl Tni:iscctiovs, in which also most of
his later original memoirs appeared

—

e.g., his observations of the
transit of Venus (1761 and 1769), observations on tlie tides at St
Helena (1762), astronomical observations at St Helena (1764) and
at Barbados (1764). In 1763 he published a small oct.ivo, Tlie

British. Mariner's Guide, which contains the valuable suggestion

that, in order to facihtate the finding of longitude at sea, lunardis-

tances should be calculated beforehand for each year auU publiJ cd
in a form accessible to navigators. This suggestion, the germ of the

Nautical Almanac, was approved of by the Government, and uiidir

the care of Maskelyne the Nautical Almanac for 1767 was pub-
lished in 1766. During the remainder of his life Maskelyno
continued to superintend the publication of this invaluable annual,

the Nautical Almaitac for 1815 being the last which he prepared.

Another valuable service wliich he rendered astronomy was his in-

ducing the Government to print his observations annually. Flam-
steed's and Bradley's observations had been private property, and
were published as such. The result of Maskelyne's action was the
accumulation and rapid dissemination of a long series of obser-

vations which from their continuity and accuracy have been of
inestimable value to astronomers, and form along with the Ncinticat

Almanac his most lasting monument. The rhole work of the ob-
servatory was carried on by him and his one assistant in a most
methodical manner, Greenwich being in point of organization second
to none amongst the observatories of the day. He introduced
several improvements in the use of the instruments, being, for
example, the first astronomer who measured to tenths of a second;
and he prevailed upon the Government to replace Bird's mural quad-
rant, which had become untrustworthy, by a repeating circle of 6
feet in diameter. The new instrument was constructed by Trough-
ton ; but Maskelyne did not live to see it comjdeted. In 1772 ho
suggested to the Koyal Society the famous Schehallion experiment
for tlie determination of the earth's density. Forty years preriously

Boufnier had demonstrated by experiment that Chimborazo in

South America affected the direction of the i^>lumb-line quite

appreciably, but his olxservations were not made with sutHcient car^

to deduce therefrom any trustworthy result. Muskclyiie's experi-

ments were made in 1774 (sec PhiloscjAicul Trunnaclimis for 1775),

the apparent difference of latitude between two stations on opposite

sides of the mountain being compared with the real difference of

Intitude obtained by triangulaticn. From Masktivnc's observ.itions

Hutton deduced by laborious calculations that the density of tlio

earth was 4 '5 times that of pure water. Playfair subsequently

estimated with greater accuracy the mass of Schehallion, and
obtiined 4"7 for the earth's mean density. Maskelyne also took a
great interest in various geodesical ojierations, notably the measure-

ment of the length of a degree of latitude in Maryland and Pennsyl-

vania (Philosophical Transactions, 1769), which was carried out by
Mason and Dixon in 1765-68, and later the determination of the

relative longitude of Greenwich and Paris (Philosophical Transact

tions, 1787). Cnssini, Legendre, and Mcchain conducted thetrian-

gulation on the French side; on the English side the work was carried

on under the superintendence of General Roy. This triangulation

was the beginning of the great trigonometrical survey which has
since been extended all over the country. A volume of Sclcctiois

(London, 1812) contains several papers that were published by
Maskelyne as additions to the Nautical Almanac, His observations

fill three largo folio volumes, and many of them were reprinted in

Vince's Aslrono^ny.

MASKINONGE. See Pike.
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MASOLIXO DA PAXICALE (13S3-C. 1440). Tbo
life and ait-woik of this Florentine painter were related by
Vasari in a form which is parily demonstrated and partly

inferred to be highly incorrect. We shall follow the

account supplied, and in many respects carefully vouched,

by Messrs Crowe and Cavalcasellc.

JIasolino (a name which corresponds to " Tommy ") was
said to have been born at Panicale di Valdclsa, near

Florence. It is more probable, however, that he was born

in Florence itself, his father, Cristoforo Fmi, who was an
" imbiancatore " or v^hitewasher, having; been domiciled

in the Florentine quarter of S. Croce. There is reason to

believe that Tommaso, nicknamed Masolino, was a pupil

of the painter Stamina, and was principally influenced

in style by Antonio Veneziano ; he may probably enough

. have become in the sequel the master of ilasaccio. His
birth took place in 1383; his death liter than 1129,

perhaps as late as 1410. The only works which can with

certainty be assigned to him are a series of wall paintings

e.Kccuted towards 1428, commissioned by Cardinal Branda
Castiglione, in the church of Castiglione d'Olona, not far

from Milan, and another series in the adjoining baptistery.

The first set is signed as painted by " Masolinus de
Florentia." It was recovered in 1843 from a coating of

whitewash, and is not a little damaged ; its subject-matter is

taken from the lives of the Virgin and of Sts Lawrence and
Stephen. The series in the baptistery relates to the lifo

and death of John the Baptist. The reputation of Masolino

had hitherto rested almost entirely upon the considerable

share which he was supposed to have had in the celebrated

frescos of the Brancacci chapel, in the church of the

Carmine in Florence ; he was regarded as the precursor of

Masaccio, and by many years tne predecessor of Fjiippino

Lippi, in the execution of a large proportion of these

works. Now, however, from a comparison of the

Castiglione with the Brancacci frescos, and from other

data, it is greatly doubted whether Masolino had any hand
at aU in the latter series. Possibly ho painted in the

Brancacci chapel certain specified subjects which are now
either destroyed or worked over. Of other and still existiug

subjects, hitherto assigned to Masolino on the authority

of Vasari and later writers, the authorship is now more
reasonably ascribed to Masaccio,—except only that one

compartment, that which represents in cue half Peter

reviving Tabitha (or curing Petronilla), and in the other

half Peter and John healing a cripple, remains in suspense

between Masaccio and ilasoliiio. In the Castiglione

frescos there is some tenderness of expression, and the

uude figures are studied with an amount of care superior

to their epoch
;
generally the parts are well made out, but

without unity of composition, or mastery of perspective,

or of contrast and chiaroscuro. The merit of these works

is not to be compared with that of the Brancacci frescos,

unless in the single instance above excepted.

The now ascertained facts of Masolino's life are that

towards 1423 he entered the service of Filippo Scolari, the

Florentine-bora obeigespau of Temeswar in Hungary, that

he stayed in consequence some time iu that country,

and that, returning towards 1427 to Italy, he painted the

works in Castiglione. Thus he resettled in Lombardy,

uot in Florence ; nor is there anything to show that ho

returned to his Tuscan home at a later date.

MaSON, Francis (1799-1874),an American missionary,

son of a shoemaker in York, England, was born April 2,

1799. Alter emigrating to the United States in 1818, he

practised there the trade he Lad learned from his father

;

but, having studied languages with his minister at Canton,

Massachusetts, he in 1827 entered the Newton theological

institution. In lH.'JO lie was sent by the American
Missionary Union to labour among the Karens in Burmah,

where he translated the Bible into two dialects of their

language, and also conducted a training college for native

preachers and teachers. In 1852 he published a book of

great value on the fauna and flora of British Burmah, of

which an im|iroved edition appeared in 1860 under the
title Bitrmnh, its People awl A'atiiral Products. He was
also the author of a grammar aud vocabulary of the Pali

language, besides various translations from it and othei

Indian dialects. He died at Rangoon, March 3, 1874,

See his autobiography, T/te Stoi-t/o/a Workinf/ Man's Lift
with Sketches oj 1'ravel, 1870.

MASON, George Hemming (1818-1872), A.R.A-,
was born at Whitley, in 1818, the eldest son of a Stafford-

shire county gentleman. Intended for the medical profes-

sion, lie studied for five years under Dr Wutt of Birming-
ham ; but he had no taste for science; all his thoughts
were given to art In 1844 ho abandoned medicine and
travelled for a time on the Continent, visiting France,

Germany, and Switzerland, and finally settling in Rome.
His pencil was busy with the picturesque scenery that

surrounded him, and with hardly any instruction, except

that received from nature and from the Italian pictures

that met his eye, ho gradually acquired the painter's skill

At least two important works are referable to this period,

—

Ploughing in the Campagna, shown in the Royal Academy
of 1857, and In the Salt Marshes, Campagna, exhibited iu

the following year. After Mason's return from the Conti-

nent, in 1858, when he settled at Wetley Abbey, he con-

tinued to paint Italian subjects from studies made during
his foreign tour, and then his art began to touch, in a

wonderfully tender and poetic way, the peasant life of his

native England, and especially of his native Staffordshire,

and the homely landscape in the midst of w'hich that life

was set. The first picture of this class was Wind ou the

Wolds, and it was followed— along with much else—by
the painter's three greatest works—the Evening Hymn,
1868, a band of Staffordshire mill-girls, seen, their figures

dark against the sunset, returning from their work, singing

as they walk; Girls Dancing by the Sea, 1869 ; and the

Harvest Jloon, 1872. Jfason had long suffered from heart

disease, which carried him off on the 22d of October 1872.

In his work be laboured under the double disadvantage of

feeble and uncertain health, and a want of thorough art-

training, and consequently his pictures were never pro-

duced easily, or without strenuous and long-continued

effort. His art is great in virtue of the solemn pathos

which pervades it, of the dignity and beauty which it

reveals in rustic life, of its keen perception of noble form

and graceful motion and of rich effects of colour aud sub-

dued light. In motif and treatment it has most in com-
mon with the art of Millet and Jules Breton, and of

Frederick Walker among Englishmen. An interesting

collection of JIason's pictures was brought together by the

Burlington Club shortly after his death.

MASON, William (1725-1797), was about the begin-

ning of the last quarter of the ISth century one of the

most eminent of living poets, but his eminence was owing
to the lowness of the poetic level at the time. He is now
held in remembrance, not by his poetry, but by his having

been the friend, the literary cseoutor, and the biographei

of Gray. Born in 1725, the son of a Yorkshire clergyman,

entered of St John's College, Cambridge, in 1742, he took

his bachelor's degree in 1745, and seems to have at once

decided steadily on a literary career, reading little or

nothing. Gray says, but writing abundance. Pope died

in 1744, and the aspiring young poet lamented bim as

"Musieus" in a careful imitation of Milton's Lycidas.

showing an ear for the music of verse and considerable

skill in weaving words together, but not a spark of original

force. By his Musmis (1747) Masoi. attracted the
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noticQ of Gra}', and through his iuQuence was elected a
fellow of Pembroke College. Mason was Gray's attached

friend, admirer, and poetical pupil to tho end of the greater

poet's life. Jlorc' fancy than judgment, and indolence ia

reading, were the chief faults that Gray foaod in his young
friend. With his usual penetration. Gray discerned th(5

defects of intellect that lie at the root of the weakness of

Mason's poetry. He was painstaking enough and more
thr.n enough with his versee, his epithets, his phrases, his

6gnr«s of speech, his rhymes ; but be was deficient in

energy of thought, his intellectual grasp was feeble, and

he accepted and polished the easy suggestions of fancy

instead of exerting himself to find exact expression for

his subject. For a modest 3'outh, as Gray describes him,

he formed a great ambition, nothing less than tho recon-

ciliation of the modern with the ancient drama, to be

effected by the strict observance of the unities ancl the

rc>»toration of the chorus. His Elfrida, a tragedy published

in 1752 in pursuance of this ambition, is constructed

elaborately upon deeply considered principles, but the

principles are drawn from pedantic books and not from
the dramatic needs of men, as may be judged from the

dramatist's opinion that Shakespeare, " in compliance

merely with the taste of the time, showed a disregard of

all the necessary rules of the drama." ElfriJrt is highly

"incorrect" in two respects—one venial in a play, the

other fatal ; it abounds in anachronistic allusions and
moral improbabilities. Mason's second attempt, Caraclacus

(published in 1759), is much stronger in construction and
situation, but ho did not possess the rare art of making
fcis characters speak out of their own thoughts; they only

speak as Mason the poet might have done in their circum-

stances if his fancj- had been quite cooL Both Elfrida

and Cnrudncus were scted in 177(5, when Mason had made
a considerable reputation by his English Garden (a poem
in blank verse, first book published in 1772), his Heroic

E/ristle to Sir IF. Chuiahers in 1773, and his Jfernoirs of
Gray in 1775. The plays w-ere not successful ; Mason did

not expect success , hi* plays were intended to be read as

poems. The manager perhaps had hopes from the novelty

of the choruses of Saxon maidens and Druids. The second

book of the Eiigtisli Garden, was issued in 1777, the third

in 1779, the fonrth in 1782. ilason took orders iu 1754,

and soon afterwards was presented to- the vicarage of

Ashton in Yorkshire, the canonry of York, the prebend of

Driffield, and the procentorship of York cathedral. Ashton
was his residence til) his death in 1797.

M.\SON AND DIXON'S LINE, a lino in tho United
States between Pennsylvania on the north and Delaware,

Maryland, and West Virginia on the south, coinciding with
39° i3' 26"'3 N. lat., and famous for a long time as the

limit between tho "free" and the "slave" States. It

derives its n-.imo from Charles Jlason, F.R.S. (1730-87),
and Joroininh Dixon, two English astronomers who,
between 1763 and I7G7, surveyed the line for 244 miles

west from the Delaware river, leaving only3G miles of the

Pennsylvania boundary to be fixed in 1782-84. This line

must not be confounded, ns has often been done, with the

parallel of 30° 30' N. kt., which was a.ssigned by tlie

"Missouri compromise" of 1820 as the limit to tho
north of which slavery could not be introduced.

MASS. See Eucharist and Missal.
MASSA. or, to distinguish it from several places of the

name name, ^f assa Carrara, a city of Italy, the chief
i

town of the province of Massa, lies on the left bank of tho
Frigido, !l small strenm falling into tho Gulf of Genoa
about 3 miles lower down. It is 78i miles south-ca-st of
Genoa by rail, and 2G miles north of Pisa. Tho ancient
part of the city stands on a hill. Among the objects
of interest it is sulTicicnt to mention the old ducal palace,

the new cathedral (erected instead of the building de-
stroyed by Elisa Baceiocchi because it interfered with
the view from the palace windows), tho technical school,

and the academy of science and literature, originally known
as Dei Derelitti. Like Carrara, Massa is largely engaged
in the marble trade ; it also manufactures silk, oil, and
paper. The population of the city was 478G in 1871 ; that
of the commune was 15,017 iu 18G1 and 18,031 in 1881.
Massa Is first mentioned in the Oth century. About tho close

of the 10th it was bcstonpj Ijy Otho tho Great on the bishops of
Luiii, and iu consetjuenco it came to be distinguished for a tiiiia as
llassa Luncnse. Irom the bishoiis it rassed to the marquises of
Luni (hence Massa del J/arcltcsc), and more particularly to a
branch of the Malaspina family. Alter a period in which Lucoa,
Pisa, the Visconti, tlie Fieschi, and others were snccessirely in
possession it returacd, under Florentine protection, to Alberieo
Malaspina, and finally through tho marriage of Ricciarda Mala-
spina with Lorenzo Cybo became (1519) Massa Cybea. Raised under
Alberico Cybo from being little better tlian a feudal village to the
rank of a fortified town, JIa.ssa was in IStiS made the capital o£
a principality by Maximilian II., and in lG6i the capital of a
duchy by Leopold I. By the marriage of Maria Teresa dei Cybci
with Duke Eicole III. of Modena it passed to the Este family;
and after the period of the French Revolution, during which it

formed part-of the duchy of Lucca assif'iied to Kapolcon's sister
and brother-in-law, it was restored by the congress of A'ienna to
Beatrice, duchess of Modena. Massa was made au ejiisropal see
only in 1S23,- though the design of giving it this dignity had been
entertained and almost realized in 1757. The total area of the
ducliy of Jfassa and Carrara was 62 square miles, of which 35 be-
longed to Massa. *

See RepettI, Dtz. delta Tofearta : VUnI, Jfe/iwrje defla faniigUa Cybo ; ^fniiClIinL
Ricciarda Malaspina e Loratco Cybo ; and Farsetti, Ragion. storico int. delta etlta
di Massa.

MASSACHUSETTS.

MASSACHUSETTS, a New England .state of ihe American I'late IX.
Union, is one of the thirteen original states of the Con-

federacy of 177G-17S8. It lies between latitudes 41° 14' and
42° 53' north, and longitudes 00° 53' and 7:<° 32' west. Tlie
name is an Indian one, apidieil at lir>t tu llie hills near the
coast and afterwards to a tribe of Indians, and finally was given
to the state. Massachusetts is bounded on the north by \'er-

mont and New Hampshire, on tho east by the Atlantic ocean

;

on the south by the Atlantic, PJiode Island and Connecticut,
and on the west by Eliode Island and Now York. The length
of the state from east to west is 100 miles, and from north to

south it measures 50 mile.s, except where two projections, one
on the southeast and another on the northeast coast, give it a
width of 90 miles. The irregular coa.st line, which is in the
form of the toe of a boot, gives the state about 1.50 miles of sea

coaist line.

The surface of the state is uneven and almost mountainous in

places. There are two ranges of the Green mountains in the

slate, the Iloosac and the Taghkaiiic. These iiiouutiUiis run-

ning north and south through the western jiart of the State fur-

nish some of the most picturesiiiie soeiii'ry to bo found in all

New Kngland. The most westerly of these ranges is the Tagh-
kauic. 'rhe principal elevations of Ihe range are, Saddle moun-
tain, more commonly known as Creylock, which is 3,50.5 feet

high, and Mt. Everett, 2,024 feet high. .Alt. 'I'om is 1,200 feet

in height, and Wachusott, in the eastern part of the Stale 2,018
feet. The Conuectiont is thelargcst river in Miussachusetls, and
is fed by several small streams ; but none of the rivers are nav-
igable, e.\eept for small craft. The Ilonsatouic river has its

course paralhl with the Connecticut and Hows through the

western [lait of the State. It is separated from tiie Coiineotlcnt

by Ihe Iloosac rnonnlain. The Merrimac, which rises in New
Hampshire, Hows for the last 35 miles of its cotn-se through Ihe

northeast corner of the State. This river furnishes valuable water
power lo mamifaelorios in Lowell, Haverhill anil Lawrence.
The principal rivers in the ea.stern part of the Slate are the

( harle.s, at wliosc mouth is the city of Boston, and the Hlack-
slone, with inexhanslilile water pi>\ver. In the west is also the

Iloosac river, wliioli rises in iho norlhwesi comer of the Slate,

soon passes beyond its limits, and llowingtliriuph Now Y'ork,

empties info Ihe Iliidsoii. The Westlield and lleerlif Id rivers

are liotli tribulary to the Connecticut. There are many exceed-
ingly heaulifnl lakes in Mns,sacliiisetls, but they aretoosnmll t9

be of any consequence for navigalion. Cape Cod and Caps
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Ann form the outer arms of Massachusetts Bay. On the wes-

tern siile of this bay is Hoston Harbor which is said to be

the linest roadsteaci on the coast. I'rovincctown liarbor is on
the extreme hook of la^e tod and furnishes protection to ves-

sels approacliing Hoston. It is a spacious port and stands next

to Biwton amoHK tlie harbors of the State. Salem harbor or

Massacliusetts bay is a very good roadstead and i>n Buzzard's

Bay, New Bedford lias a very capacious and safe |iort. Besides

these there are Nantucket, Welllleet, \ineyard, Edgertown,
Nahant, Marblehiad, Lynn, Beverly, (iloucester and Annis-

quam. The shore south of Cohiis.set is low and sandy; about
Boston and further north it is rocky and rough.

The principal islands of Massachusetts lie off the southern

coast. Slartha's \'ineyard is 21 miles long with an average
width of five or six miles. Holmes' Hole is the most spacious

harlior on the island. Mayhew's missionary eflbrts among the

Indians were coiulncted here. The island has a population of

about -l,.")(ll). Nantucket is about fifteen miles loiiff and eleven

miles wide at its eastern end. The shape of the island is that

of a triangle. The population is about 4,000. Most of the

male inhabitants are engaged in seafaring and the lishing busi-

ness. These islands are much frequenteil now by summer
tourists. Besides these islands there are the Elizabeth groups,

of sixteen islands, oflCape Cod.
CUmale.—The climate is cool but very trying. The winters

are long and severe, the summers short and subject to very hot

periods, which are of brief duration. Snow falls during five or

six months and sometimes even seven in tlie coui'se of the year.

The rainfall is very equably distribiUed through the.season.s, and
has been, for a number of years, between 40 and 43.5 inches per

year. The thermometer ranges from 2">° Fahr. below zero to

100° above. The mean average temperature is about 40° Ealir.

The ocean tempers the climate considerably on the sea coast.

The changes are often very sudden and the passage from winter

to spring is rapid, making the .spring sea.son short. The pre-

vailing winds on the coast are from the east : in the interior,

from the north.

Vegelalion.—Much of the soil of Massachusetts is sterile. The
southeastern part is sandy and flat. Here there never has been

any vegetation of any account; but the other parts of the State

were formerly covered with deciduous trees such as oak, chest-

nut, ash, maple, hickory. On the hill tops and mountain sides,

pine and hemlock grew. Nearly all the flora found in the New
England States and Eastern New York are natives of Ma.s.sachu-

setts. When the forests were cut down, the land was found to

be of poor quajity and it has required the utmost toil to make
its cultivation profitable, except in the river valleys.

Zoolnrjy.—The larger animals have been exterminated ; but

foxes, squirrels, rabbits and other small game are quite numer-

lime, while on the othei hand the sulphate of 'ime is almcst
universally present. A peculiar variety of soapstone has been
found in Audover, which, on account of its hardne.ss, may be
used in external architecture. The inexhaustible quantity of
the serpentine of Lynnfield, on accramt of its vicinity to Salem
and Boston, renders it of great value. Small and irregular
veins of a very superior bituminous coal are found in the sand-
stone of the .\gawam river in Vi'esi Springfield.

Among the ores in the .State are carbonate of iron, found very
abundantly at Newbn-v. The magnetic iron found in War-
^vick is not worked on acco'.mt of ditricullies experienced in its

reduction. The valuable chromic iron ore is found in Chester.
It occurs in serpentine, in roiii-he." from .5 to Ix incl'.es wide, and
is said to contain traces of phtinum. Simonite or hematite is

abundant at several places in Berkshire coupty. Copperas is

manufactured at Hnbbardston in large quaiitities.

Srcniiiiiufiiliiral.—Ma.ssachusetts is peculiarly mountainous.
Dr. Hitchcock, who made the first geological survey ol the
State, says of it: " We find some .scenery that is tnuy .\lpine,

the sharj), lowering peak, the overhanging clifis. and i!ie roar-

ing torrent beneath, arrest the attention .and excite sirong
emotions! .'^uch objects are numerous in the State, especially

in the western ]iart." The principal mountains of Massai'hu-
setts are Holyoke, Tom, lloosac, Wachuselt, Toby, Sugar J.naf,

Lincoln and Deerfield.

Scu'iitijir.—The highest parts of Ma.ssachusetts and in fact all

the northern parts of the continent of North America linvc bi'en

swept over by a powerful current from the northwest to the

southeast. In Ma.ssachusetts, we have Mt. Everett, not less

than two thousand six hundred feet high, and Wachusett, not

less than three thousand feet high, both bearing marks of pow-
erful erosion, and standing as isolated jjcaks, hundreds of feet

above tlie .surrounding country. This erosion must have been
due to diluvial waters, icebergs and glaciei'S. To these agencies

also must be attributed the "drift" of stones, gravel, etc., that

are found everywhere in the State.

Population.—The population of the State May I, 188-5, was
1,942,141 as against 1,6.51,912 May 1, 1875. The gain for the

decade was 290,228 or 17.57 per cent. By the national censun

of 1890, the population was 2,238,943.

Census
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products of the whale. The number of vessels In the State eugased
in the whale fisheries Is about 175, as against 1.000 in the cod aud
mackerel 'janeries. According to the census of li*70 and 1S.Hi.al>out

half th» products of the whole eastern fisheries of the I'ulted

States, except the whale fisheries, was the result of Massachusetts
labor and enterprise. The following table gives the statistics of

Uie fliUerles for Massachusetts for the year 1885:

No. of cities and towns engaged in the fisheries

—

67

investments in working capital $7,367,328

Investments in apparatus 1.0(n>.913

Investments in salt and ice a>:i.»40

Uotal investments $8,640,581

T'alne of food flsh token $4,566,679

Val ue of ti^h products 227.798

Value of food tish products 2.346

Value of shell fish: 3.W.2,i7

Value of whale and seal prodacta 1,270.513

Value of other products 36,074

Total $6,462,092

Kind of Vessels.

Schooners
Sloops
Barks
Brigs
Steamers
Ships

Total .

Number of _,

Vessels. Tonnage.

866

736
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a.oJS In the Bveragre dally attendance for the year. The per cent, of

dftilv iittendanfe was 'JO. There were 8% jprlvate echools—an in-

crease of -IK for th'; year. The numlier of pupils atteudhiK these
sehooiB was 87.620. an Increase of 7.000. The Massachusetts system
of schools Includes the high school, which stands at the head of
this system.
There were .S36 high schools in the State, an increase of six for

the year. Over 90 per cent, of the ]>eople live in places supporting
high schools. A high school training, such as may now be ob-

tained in the best high schools, will prepare students for the ad-
vanced studies of the colleges or the technical school, and for the
taking up of the work of practical life. .

Two hundred and fifty evening schools were maintained during
the vear, in flfty-one cities and towns, with an attendance of 12..'J9f>

pupils. The statutes require every town to provide a suitable
place for the confinement, discipline and instruction of its truant
children. In 1S,S1 an act was passed which provides that the
school committee of every city and town shall purchase, at the
expense of such citv or town, text books and other school supplies
used in the public schools, to be loaned to the pupils free of charge.
lu the 7,02.5 public schools in the State, there were 10.123 persons

einploved as teachers; 901 were men, 9.222 were women. The
average wages paid to male teachers was $108.88 per mouth. Aver-
age wages paid to women was $-15.93 per mouth.

Average number of mouths the public schools have
kept 8-11

Amount of salaries paid to principals of high schools..

$

302,209.14

Exiiense of evening schools 127 ,9*2.05

Amount raised bv taxation for support of public
schools, wages "of teachers, fuel and Janitors 5,3(56,605.29

Amount expended 1.hs,s ^9 for new schoolhouseB 614,508.54

Income of local school funds 113,774.69

Income of funds appropriated by towns, as surplus
revenue, dog tax, etc. 95,311.19

Income of school fund paid to cities and towns 62,924.04

Towns using other than public school buildings 31
Number of school buildings. . 3,439
Value of buildings $23,222,781
Value of property 1,042,428
Total nuiatier who cannot read 13:^

Total number who cannot write 25,360

Total number who canuot write nor read 96,770
Total illiterate 122,263
Of these the foreign boru are 108,365
Born in Massachusetts 9,297

At South Boston there is a school for the feeble minded,
following table shows the condition of the school:

The

Number of pupils iirosent Sept. 24, 1888
Admitted during year
Whole number |iresent during year
Discharged during year
Died during vear
Number of pupils present Sept. 30, 1889
Average number present during year
Private pupils now present
School beneficiaries of Massachusetts
Custodial cases sujiported by the State
Custodial cases supported by cities and towns.
Beneficiaries of other New England States
Number at farm included above
Applicants for admission during year

109

18
127

9
2

116

13
50
10
31
12
23
76

85
10
95
8
1

5
36
14
27
'4

46

194
28

222
17
3

202
198
18
86
24
58
16
23
122

There Is. also, at the same place, a public school for the blind

—

I'eikins Institulo- under whose auspices Is also conducted a kin-
dergarten for blind children.

i.)t the higher institutions, the more important are Harvard Uni-
versity, founded in li.oCi. Amherst College, Williams and Tufts.
Smith, Mount llolyoko ami Welleslcy are colleges for women.
These, together with (;iark University at Worcester, the Massachu-
setts School of Technology, and the Massachusetts .Agricultural
College, also at Amherst, and a score of lesser Institutions furnish
college homes for students from every State and almost every city
and town lu the Union.
MiisHBchnsetts has been the home of some of our moat noted

American citizens, in politics, letters, history, science, philosophy
end religion. In her political history the names of .Samuel .\dams,
.iohn .Vdains, John (;uincy Adams, James Otis, Fisher .\mes, Web-
(ter, Choate, Sumner, Kverett, Phillips and Winthrop figure
prominently. In science there are such men as John Winthrop.
Benjamin Pierce, Morse and Agassiz. In history, Hutchinson,
Bancroft, Prescott, Motley, Sparks and Parkniaii 'are recognized
universally as authorities. In letters there are the names of
Richard Henry Dana, Longfellow, Bryant, Wlilttler, Lowell and
Holmes. As expounders of rellirlou ami philosophy. Jonathan
Kdwards, Channiiig, Kmerson, Parker and I'hilllps' Brooks ; as
writers of story, Hawthcrne, Mrs. Stowe. Howells and T. U. Al-
drich. not to mention scores of others in all dejiartmeuts of polite
learning and letters whose names are household words all over
the country.
l.ihinrUa inid Itradiiiii ffii(im«.—There are 194 reading rooms In

Iho State. The total number of newspapers and periodicals taken
by these reading rooms In 1K89 was 8.316; the number of books of
reference was 9,132 ; the total number of persons who visited these

reading rooms was 2,107,260.
divided as follows:

The 2.371 libraries in the State were

The State 2,371
Secular 703
Citv public 32
Town public 209
Other public 7
Association 156
Private circulating 117
Public school 52
Private school 42
Public and private school 1

College 12
Scientific 11

Secular-
Artistic 1

Law 15
Medical 12
Hospital 1.1

Reference 6
Institution 20

Religious 1,668
Church 33
Church and Sunday School 13
Sunday School 1,583
Association 89

Governmfnt.—The constitution of the State is the same, with the
exception of the addition of some amendments, under which the
State was organized in 1780. Under this constitution the executive
department of the State consists of a governor, a lieutenant-gov-
ernor, a secretary, treasurer and auditor. The governor and lieu-
tenant-governor,"with eight others, representing the eight divisions
of the State, form the executive council. The governor is also
assisted by a mllitory staff, as he is, ry-nffirio, commander in chief
of the militia. The" attorney-general is the legal officer for the
State. These officers are chosen I)y the legal voters of the State on
the Tuesday after the first .Monday lu November and they hold
office for one year. Forty senators and 240 representative"s from
their several districts are elected at the same time and hold office
for one year. These form the legislature of the State, known as the
General Court of Massachusetts. Every male citizen. 21 years of
age. able to read the constitution in English and write his nome,
who has resided in the State one year, and in the district in which
he votes, six months, and who has paid a tax within two years. Is
entitled to vote. Paupers, those under guardiauship and those con-
victed of felony, are prohibited from voting. The supreme judi-
ciary consists of one chief justice and five associate justices. The
superior court consists of a chief justice and nine associate jus-
tices. The judges of both courts are appointed by the governor,
with the advice and consent of the Senate. The State is entitled to
send two senators to congress and twelve members to the National
House of Representatives under the federal constitution. The State
house Is at Boston. It is built on an eminence and its gilded dome
makes a landmark for miles around. The original structure was
built in 17'.).>-1797. Since that time It has been remodeled and en-
larged. .\ statue of Daniel Webster by the sculptor Powers, and
Horace Maun, by Miss Stebbins. stand before the entrance. In the
hall are famous" statues of Washington, and of the most esteemed
governor of late years, John A. Andrew, known as •' the great war
governor," who was governor from 1861-66. Every able-bodied man
between eighteen and forty-five years of age niay be obliged to
serve in the militia. The "active volunteer militia Is organized in
two brigades, besides two unattached corps of cadets, one of which
serves as the governor's body guard.

Hit>tnrt/.—The shores of Massachusetts were discovered on the
15th of May, 1602, Ijy Bartholomew Gosnold. These shores may
have lieeu and doulitless were seen before this, but the discovery
of Gosnold is the first which we are able to authenticate. The Ply-
mouth colony, leaving their native country in order to obtain'a
home where "they might enjoy a greater religious freedom, first

went to Holland, in the year 1607, and there remained until 1620,
when a portion of them embarked for America. They landed at
Cape Cod in November, and on December 22 made a" permanent
settlement in Patuxent. since called Plymouth. Another and much
larger company of English Puritans settled at Salem and Charles-
town lu 1628 and 1629. and in Boston and Roxbury in 1630. The
first settlement of Plymoutli numbered one hundred and one. The
principal men were'\\'illiam Bradford, Edward Winslow, Miles
Standish, John Alden, Samuel Fuller and John Howland,to which
list may be added John Carver, the first governor. William Brad-
ford was governor from the spring of 1021 to 16.57. With the settle-
ment of Boston and vicinity in 16:^0. begins the history of the col-
ony of Massachusetts bay. 'Winthrop. the governor ofthis Boston
colony, and the people themselves were ]>erfectly friendly to the
Plymouth colony. The clergy, from the first settlement and for a
long period after, had great Inlluence. not only in the church, but
in the civil government. Public excitement was caused throughout
the colony in 16:i4 and U'..S5 on account of the opinions and conduct
of Roger Williams. He maiie himself obnoxious to the govern-
ment by denying the validity of their title to the soil, and by in-
sisting that the Indians were Its only proprietors. He was ordered
to leave Massachusetts in the winter of 163.5-36, and went south to
a place which he called Providence. The men who first settled
Plvniouth and Massachusetts were friends of higher learning. In
Itiiiii the (Jeuerai Court grauted £400 for the support of the school at
Cambridge, and in 16;l,s Rev. John Harvard be<iueathed half of his
estate, about £800, to the same seminary. It soon after received the
name of Harvard College, ami is now kno\\'n as Harvard University.
In 1641 the north line of Massachusetts was run following the
Mcrrimac to its source, then east in such a way as to Include all
the northern and easteru part of New Hampshire, and a part of
what is now Maine. In 1645 the General Court showed its abhor-
rence of the slave trade by ordering Captain Smith to send back, at
his own charge, some negroes which he had brought to Pisquata-
iiua that year. By a law passed in 1619, mau-slealing was made a
capital crime. The first instance of pretended witchcraft in the
colony was in li>18. when a Mrs. Jones was condemned and exe-
cuted'. .After the restoration of Charles II. the coinage of money in
the colony was arrested. The coin was issued for several years.'but
all bore the date of 16.52. About this time several towns and settle-
ments in Maine were induced to put themselves under the juris-
diction of Massachusetts. A portion of the peoide were w illing to
become united to the government of Massachusetts, but the pro-
ceedings In the case did not escape the charge of being unjust. In
1664-5, on complaint of some of the Maine people, the conunlssiou-
ers of C'harles II. ordered Massachusetts to relinquish its claim;
but it continued its pretensions until 1691, when Maine was in-
cluded in the new charter for the province. I'nder this same
charter, known as the Provincial Charter, Plymouth colony was
also annexed to Massachusetts. As early as 1637, the Indians had
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>e(rim to make war upon the co'-onlsts. The first trouble was with

hf Fequot trll>e. living between the Couneutlcu river «ud the

i'lmmes. Massachusetts, with Connecticut, New "aven and New
Plvmonth, formed a union in IMS for better deleudluK themselves

jiirklnst their enemies. This confederacy was essential to their

tre"e?vat on in the wars with KiUK i>hilii> In 107M. It w;as a

Snion w 1 cS seemed almost to foreshadow the more important one

"ormed more than a century later for thejnirpose of Kam.ng inde-

the king oTthei'r loyalty. After more than half a century of strug.

Ble the kiUK annulled the charter of the colony in 1k-v^. Josej-h

ludlev was for a brief time president of a provipcia council,

and governed the colony. At (he close of the year in which Dud-

lev received his commission, IBM, he was succeeded by Andros,

who had been governor of New York He now
'•e7''fh/-'i';Mn? oi

sion n goveru all the New England colouies. In the spung ot

les'i the people, oppressed by the arbitrary measures of Andros,

placed hi n in pHsofi, and continued their old form of governmeut.

&assachusetts was then without a charter until 1(,92, wheu Maine,

Plvmouth and Nova Scotia were united, s r W m. Phipps w as the

fir'-it governor under this new provincial charter He was an ob-

scure man Irom Maine, near :<hcepscot nver. On his death, in

1694. Sloughton acted as chief magistrate.

The people of Massachusetts, with some other settlemei>ts In

New England in u;79, were alarmed by menaces of war from the

French By order of Governor stoughton the militia were pre-

pared t.j defend the province, if the French should appear. The

eastern Indians took advantage of the disturbed state of the coun-

try, to commit depredations and murders. In 1T1« when war was

declared between England and France they proved bloody allies of

the French. This state of affairs continued for several years, and

in HOT an expedition was prepared to attack Port Royal in Acadie,

•which proved a failure. In ITfts the French and Indians attacked

Haverhill and murdered many of the inhabitants. Another ex-

pedition was made in 1711 against Canada; but this expedition like

the one in 1(190, was not successful. The attack of the Indians

made upon Deerfield in 1704 will long be remembered as one of the

deplorable events of this war.
. , „ ,„ „^

By the treaty of Utrecht in 1713, the war with France vyas closed,

id the Indians sought for peace with the English. As we have

and conducted bv an older brother of the celebrated Ben;amin

Franklin. Meantime the colony had been growing. At thecom-
1? rantiin. lueantinie uie euiun:' uttu ,^..^--. ^.v.,. ".c- --- — r. n.
Diction of a century from the first settlement of Massachusetts, its

populatiou was ab6ut 120.000. Mr. Shirley came into office, as goy-

nor of Massachusetts in 1741. Soon after this, in 1/44, war again

oke out between England and France. Gov. Shirley encouraged

1 expedition against Lonisbonrg, in the island of Cape Breton,

hich was then a rendezvous for the French fleet. Ihe troops

e?norrf'"Masrachu"s?t^s'inT74i: Soon after this, in 1744, war again

broke
an e:

weJe'commauded°b'y' iTen".' Pejperreli: o'f Massachusetts, and the

attack was in every way a successful one. Shirley also took part

in the Oswego expedition of 1755, and Massachusetts encouraged

and aided the expedition to Nova Scotia in the same year, which

ended In the removal of the Acadians. In 1747 a not occurred m
Boston on account of the impressment ot several of the citizens

by a commander of a British scinadron then in the harbor. The

people seized some of the British officers, who were fouud on the

shore, and it was with difficulty that the rioters were dispersed.

The inhabitants of Massachusetts at this time objected to the levy-

ing of taxes for the support of the parent government, when they

were not represented in the legislative body which made the laws

lor levying them. However, Massachusetts was never slow to

send forth her citizens as soldiers when the province was in

In^return for this their zeal, the colojists were not accorded the

privileges which they felt they deserved, and active opposition

to the crowu was the result. This was led by James Otis. He ob-

jected to the issuing of writs bv the parent government to compel

Citizens to aid the revenue officers in their search for goods. I

have fully considered the subject," he said, " and I solemnly de-

clare that I will to my dyingday oppose,with all the powers bod has

given me, all such instruments of slavery and villainy as the w;rit

of as'iistance is." Such opposition as this, to the home authority,

was the beginning of the Stamp Act. When this act was put in

Vorce Massachusetts took a leading part in setting forth the right

el the colonists, not to be taxed in this indirect manner without

representation. In nrtl a high duty was laid on sugar and molas-

ses. This ruined the trade of Massachnsetts with the \\ est Indies.

in th« fall of 1767. some troops of the Royal British artillery ar-

rived in >he harbor of Boston. The popular Indignation at having

royal troops thrust upon them was great. This quartering of

soldiers on the Br-ston people, against their will, resulted in the

Boston massacre in 1770. The citizens assailed the soldiers who
Bred upon the people in self-defense. The merchants made a com-
bination to prevent such goods as yielded a revenue from being

Imported The patriots opened communications with the other

colonists bv means of committees. This inter-communication of

the colonists did much to strengthen their union and knit them
together as one, for the great struggle which was to come. In

177,3. large quantities of tea were imported into Boston from Lug-

land. The consignees were desired by the people of Boston not to

Wher it became evident that the owners and factors of the car-

goes would njt comply with the request of the people, a number

of men disguised as Indians, boarded the ship and threw the tea

into the water. This was known as the Boston Tea Party. In re-

turn for this act England closed the port of Boston. General

Gage, who for several years had been commander in chief of the

British troops in America, was made governor of Massachusetts.

This was another cause of Irritation to the peojile. and they felt

themselves sorely oppressed. Such men as the Adamses, Dexter,

Hancock, Winthrop, Prescott, Sever, Phillips and Ward, were firm

advocatcsof the rlghtsof the people, but there were many who did

not favor extreme measures. In 1774, just after the port of Boston
was declared to be blockaded, the people assembled, and it was
voted to recommend to the other colonists to refuse all com-
mercial Intercourse witli England. A messenger was sent to Phil-

adelphia to communicate the vote, and thence another was sent

to Maryland and Virginia, to give information of the plan proposed

in Boston. The conduct of Gage in the short space of two months
fully proved that the arbitrary measures were still to be pursued,

and' that the voice of the representatives of the people was not to

be regarded. The new Congress of Massachusetts met in tebru-

ary 1775 A committee of safety, clothed with authority to call

out the militia, if necessary, was appointed. They were also em-
powered to oppose all attempts to enforce the cbnoxioiis laws ol

parliament. On the isth of April, 1775, several British oflicers

were on the road to Lexington and Concord to destroy the mill-

tarv stores of the colonists. The militia of the colony were called

out and an engagement occurred with the British troops under

Lord Percy, which aroused the towns. The militia poured into

Cttuibriige and Percy returned to Boston. The loss of the British

on this occasion was nearly three hundred, of the militia eighty.

It was not until July, 1775, that the Continental Congress under-

took to organize the' army of which George \\ ashlngton was ap-

pointed commander in chief. _,. „ ,.
On June noccurred the battle of Bunker Hill. The Royal troops

had been shut up in Boston by the superior numbers of the pro-

viticlals. and this battle of Bunker Hill was brought on by the ot-

tempt of the provincial troops to gain a higher point in Charleston.

When Washington was elected general In chief he stretched his

lines around Boston and forced Its evacuation. In March, li7«.

These were the onlyevents of the war that occurred on Massachu-

^'ThVble'ssings of a federal government soon became apparent, in

the increased enterprise and prosperity of the country. But in no

part of the Culted States were these advantages seen more than

in Massachusetts; though at one time it seemed likely that the

federal constitution would be refused by this commonwealth. It

was finally adopted by a small majority. The first representatives

from the state, under'the new constitution. In Congress, held April,

17S9,were Fisher Ames, George Partridge, George Leonard. George

Thatcher, Elbrldge Gerry, Benjamin Goodhue, Theodore Sedgwick

and Jonathan Grant.
, ,- ,. . . t ,^n-, »„j

Massachusetts suffered under the Embargo Act of 1807, and
though she opposed the war with England, in 181-2-14, much of the

success of the United States in naval conflicts was due to Massa-

chusetts sailors. She was also opposed to the war with Mexico.

Nevertheless Caleb Gushing led oue regiment into the Held.

Massachusetts has been foremost in political progress. Garrison

aud Phillius led the people, wuu formed the Liberty party, tne

germ o the Kepubllcan party. The old Wh..: pany finally

became merged into the Republican party. \M;h the change

of parties Charles Sumner entered the political field. He became
the most eminent statesman of his time, and was sent repeatedly

by Massachusetts to the Federal Congress. The State has been

largely Republican In its political principles. Massachusetts hod

much'the same Influence in bringing on the civil war that she had

In bringing about the Revolutionary war. She furnished ana

manned many vessels for the Union navy. In ISiU it was shown
that there were 22.:M) Massachusetts men in the naval service. All

but twelve towns furnished troops, and there were lo,000 men sup-

plied in excess of what was called for. The total number of men
in the Federal ranks was 159,i65, of which number less than 1,200

were raised by draft. , . ^ j o-

Generals Knox and Lincoln were the most dirting-.ished officers

Massachusetts sent into the Revolutionary war. Out of 2.J1.<91

troops sent by all the colonists into the fieio, Massachusetts fur

nished G7.9ii7,'the largest number furnishe't bv any one colony

She always contributed more than her share c. the money for the

support 6f the general army. Until a consti-ution was adop ed in

17so, Massachusetts was, during the war u.der a provHioiml go.

erumei't The first governor under tb": constitution was John

Hiiicnrk' The prominent governors after him were Samuel

Ai'lamV i'7in-<t7- Elbrldge Gerry, IMO-U; Edward Everett. 18;:>()-40;

John \' .Andrew. w,l-f,i\. whe'u Jlr. Bowdoin was governor, dur-

ing his second term of office, 1786. what is known as Shay s Rebel-

liou took place. It was the lower class of people who were en-

gaged in the rash enterprise, aud It was undertaken on account of

"^?h"'commof/^ealth'',"nr*42.C06,517in the cdvll war, and about

»') IJUO Olio was given bv private contributions. Since the war ended

Massacl u4tts has s'peciallv turned her attention to niannfactur-

iig ad mechanical industries, in addition to .^jr shipping inter-

ests. as tlie foreign trade which once distinguished her has gone

largely to other ports. '^- ^- "•

M.\SSEXA, Andre (1758-1S17), duke of Rivol!, prince ol

Essling, and marshal of France, tlie greatest soldier and great-

est general of all Napoleon's marshals, and the one man who

with education and ambition might have been Napoleons

rival was tlie .son of a small wine merchant, it is said of .Jewish

origin, and wa.s horn at Nice on May 6, 1758. His parents were

very poor, and he began life as a cabin boy. He did not care

much for the sea, and in 1775 enlisted in the Ri?giment Koval

Italien, a regiment of Italians in the pay of !• ranee. He quick y

rose to be underofficer-adjntant ; but finding his birlli w-ould

prevent his ever getting a commission he leil the army in li89,

retired to his native citv, and married. .\t the sound of war
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however, and tlie word republic, lils desire to see service

increased, and he once more left Italy, and joined the 3d
battalion of the volunteers of the Var in 1792. In those

days when men elected their officers, and nearly all the old

commissioued officers were dead or had emigrated, pro-

motion to a man with a knowledge of his drill was rapid,

and by April 1793 Massdna was chef de bitaillon," or

colonel. His regiment was one of those in the army of

General Ansehne, which was ordered to occupy Nice, and
his knowledge of the country, of the language, and of the

people wtis so useful that in December he was already

general of division. In command of the advanced guard

he won the battle of Saorgio in August 179-1, capturing

ninety guns, and after many successes he at last, ou

November 23, 1795, with the right wing of the army of

Italy, won the great victory of Loano, in which four thou-

sand Austrians and Sardinians were put hors de combat.

In Bonaparte's great campaigns of 1796 and 1797 Massina
was his most trusted general of division ; in each battle

he won fresh laurels, until the crowning victory of Rivoli,

from which he afterwards took Lis title. It was during

this campaign that Bonaparte gave him the title of enfant

chin (le la victoire, which he was to justify till he met the

English in 1810. Massdna's next important service was

in command of the army in Switzerland, which united the

firmy in Germany under Moreau, and that in Italy under

Joubert. There he proved himself a great general; the

archduke Charles and Suwaroff had eacii been successful

in Germany and in Italy, and now turned upon Massdna
in Switzerland. That general held his ground well against

the archduke, and then suddenly, leaving SouU to face

the Austrians, he transported his army to Zurich, where,

on September 20, 1799, he entirely defeated Suwaroff,

taking two hundred guns and five thousand prisoners.

Ilis campaign and battle placed his reputation on a level

with that of his compatriot Bonaparte, and he mi?ht have
made the revolution of Brumaire, but^he was sincerely

attached to the republic, and had no ambition beyond a

desire to live well and have plenty of money to spend.

Bonaparte, now first consul, sent him to Genoa to com-
mand the d(ibris of the army of Italy, and he nobly

defended Genoa from February to June to the very last

extremity, giving time for Bonaparte to strike Lis great

blow at Marengo. He now went to Paris, where he sat

in the Corps Ldgislatif in 1803, and defended Moreau, but
where Napolean took his measure, and did not interfere

with him. In 1804 he was made one of the first marshals

of France of the new regime, and in 1805 was decorated

with the Grand Eagle of the Legion of Honour. In that

year Napoleon needed an able general to keep in check
the archduke Charles in Italy, while he advanced through
Germany with the grand army. Massdna was chosen; ho
kept the archduke occupied till he got news of the sur-

render of Ulm, and then on October 30th utterly defeated

him in the battle of Caldiero. After the peace of Pressburg
had been signed, Masscna was ordered to take possession of

the kingdom of Naples, and to place Joseph Bonaparte on
the throne". This task done, Napoleon summoned Masscna
to Poland, where he as usual distinguished himself, and
where ho for the time gave up his republican principles,

nnd was made duke of IJivoli. In the campaign of 1809
he covered himself with glory at Landshut and at Eckmiihl,
and finally at the little village of Essling, which he held
with such determination that Napoleon had some right to

call his otherwise complete defeat of Aspern a victory.

\Yhen the retreat to the island of Lobau was ordered, "it

was Masst5na who covered the broken regiments, and held
the ictc du ponl ; and on the field of Wagram it was
Massdna who, though too ill to ride, directed from his

carriage the mqvements of the right wing, and re-

covered the honour of Fra.nce. For Lis. great services

he was created prince of Essling, and given the princely

castle of Thenars. He was then ordered to Spain to

"drive the English into the sea." The campaigns of 1810
and 1811, the advance ^6 and the retreat from Torres

Vedras, are well known from Napier's history, who does
full justice to Wellington's great opponent. Slassdna him-
self ascribed his failure to the frequent disobedience of his

three subordinate generals Ney, Keynier, and Junot, and
with some justice ; but he alone could have stayed so long

before the lines, and could have made the long halt at

Santarem, which checked Wellington so thoroughly. The
retreat was as finely conducted as the advance, and would
have been even more triumphant had Ney obeyed -orders.

Even then he was again ready to try his fortune, and nearly

defeated Wellington at Fuentes d'Onoro, though much
hampered by Bessieres. Recalled with ignominy, his

prestige gone, the old marshal felt he had a right to com-
plain of Ney and of Napoleon himself, and, it is said,

opened communications with Fouchd, and the remnant of

the republican party. Whether this be true on not.

Napoleon gave his greatest marshal no more employment
in the field, but made him merely commandant of the 8tli

military division, with Lis lieadquarters at Marseilles. This
command he still held at the restoration of the Bourbons,
when Louis XVIII. confirmed him in it, nnd gave him
letters of naturalization, as if the great leader of the

French armies had not ceased to be an Italian. When
Napoleon returned from Elba, Masscna, probably by the

advice of Fouehd, kept Marseilles quiet to await events,

the greatest service he could do the royalists, but after-

wards imputed to him as a fault. After the second
restoration Massdna was summoned to sit on the court

martial which tried Marshal Ney, but, though he had been
on bad terms with that general, and attributed his own
disgrace to him, the old soldier would not be his comrade's

judge. This refusal was used by the royalists to cruelly

attack the marshal, against whom they raked up every

offence they could think of, and whose victories they forgut.

This annoyance shortened his life, and on the 4th April

1817 the old hero died. He was buried in Pere-la-Chaise,

with only the word "Massena" upon his tombstone.
In private life indolent, greedy, rapacious, ill-eJucated, morose,

on tlie field of battle Massena was a man of genius, prompt in

resource, indefatigable, perfectly brave, and never knowing when lie

was beaten. Italian he always was in his indolence, but iu his
quickness of resource a real compatriot of Napoleon himself.

See Thiebault's £loge fitnihrc, and Koch's Memoircs de JSfassena,'

i vols., 1849, a most valuable work, and most carefully compiled.
See also the military histories of the epoch, but in reading Napier's
pictures of him and Soult it is welt to remember that author's
personal friendship with the latter.

MASSILLON, a city of tho United States, in Stark
county, Ohio, is situated on the Tuscarawas, a head stream

of the Muskingum, communicates with Lake Erie by
tho Ohio canal, and forms an important junction for

various lines of railway. It is well known for its coal-

mines and white sandstone quarries ; and it also contains

blast furnaces, rolling mills, foundries, machine-shops,

grist mills, and extensive establishments for the manu-
facture of agricultural implements, glass, and paper. The
population, 3819 in 1860, was 6838 iu 1880.

MASSILLON, Jean Battiste, was born at Hyires on
June 24, 1663, and died at Clermont ou September 28,

1742. He was thus, except Saint-Simou and Fontenelle,

the longest-lived of tho men of the Siiicle de Louis Quatorze.

It is noteworthy tliat, like the majority of the great pulpit

orators of his own and the preceding generation, he was a
southerner. His father, Frani,'ois Massillon, was a notary,

and he appears to ha.ve been well educated. In 1681 he
joined the congregation of the Oratory, which at that time
Lad a high reputation. But. although he had thus chosen
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on order where tbe rules were by no means strict, he was
not anxious for easy living or secular renown. The creJit

which he received for his first e<Torta ot preaching startled

him, and he sought a much more severe discipline, one

indeed which is said to have been of Trappist rigour.

Accident, however, made his literary and oratorical talents

known to the Cardinal de Noaillcs, who determined thatthe

church should not lose so well qualified a defender. In

obedience to the cardinal, Massilloa left the abbey of

Septfonds, rejoined the Oratory, and was introduced to the

Parisian seminary of Saint Magloire in 1C9G. He wa«

soon set to work to preach in the Paris churches, and his

reputation spread rapidly fnni city to court. He preached

before Louis XIV. for the first time in Advent 1699. He
made a profound impression, and it is reported that his

generous elder, Bourdaloue, from whom JIassillon himself

had learnt much, said of him, "He must increase, but I

must decrease." His fame, however, did not lead to

immediate preferment. In the first place, the Oratorians

were on bad tern-.s with the .Jesuits, and were considered

too liberal to suit the reign of gloomy pietism and severe

orthodoxy in which Louis's dissolute life closed. In the

second, Massillon was neither a flatterer, nor did he resort

to the abrupt denunciation of vice which had succeeded in

the case of some of his predecessors. Indeed, in the last

years of the reign there was nothing (so far as the king was
concerned) to denounce, unless it were an excess of ortho-

doxy. Loui-'s famous saying that other preachers made
him pleased with there, but that Massillon made him dis-

pleased with himself, may have been merely a mot, but it may
also have expressed an involuntary truth. However this

may bo. Massillon, who perhaps desired no ofiSce, received

none as long as the old kmg lived. The regency was much
more favourable to him, and in 1717 he was nominated to

the see of Clermont, with the additional honour of being

commissioned to preach the next year's Petit Careme or

series of short Lent sermons before the young Louis XV.
Bishop in 1717, Lent preacher in 1718, Massiijun received

in 1719 a yet further honour, though thiz time a secular

one, by being elected to the Academy. Various causes,

however, combined to remove him from Paris. His own
standard of duty was high, and he was not likely in any

case to have acquiesced in the position of a non-resident

bishop ; the court grew more and more dissolute ; and his

advance in years must have somewhat disqualified him from

preaching and travelling. He delivered but few sermons

in Paris aftrr the Petit Careme, and preached there for the

last time in 1723, when he pronounced the funeral oration

of the duchess-dowager of Orleans. The twenty years of

life which remained to him were spent at Clermont, whero

he was distinguished for all good works, especially for

exacting the minimum of episcopal dues and expending

the maximum on charity.

Massillon's works are made up for the most part of sermons, lee-

tares, synodal addresses, and the like. They hare been repeatedly
edited, and are easily accessible in two largo volumes published by
Didot. As a pulpit orator, H, not as a theologian, Massillon prob-
ably deserves the highest i«nk ainon.c Frenchmen. His style is

very nearly perfect, uniting the polish of the later age of Louis XIV.
nitn the vigour of the earlier. His thoughts are original and just,

and the arrangement of his discourses lucid and orderly without
being nndnly scholastic. He has usu'i'-V been contrasted with his

Sredecessor Bourdaloue, the latter baring the credit of vigorous
enunciation, Massillon of gentle persuasiyenRs. But few preach-

ers can have excelled him in vigour when he chose to be stem.
Besides the Petit Carlmc, his sermons on the Prodigal Son, on
Death, for Christmas Day, for the Fourth Sunday in Advent, may
be cited as perhaps his masterpieces. But in truth Massillon is

singularly free from inequality. His great literary power, his
reputation for benevolence, and his known toleration and dislike of
doctrinal disputes caused him to be much more favourably regarded
than most churchmen by the philosophea of the ISth century. He
acquired the suruamo of tlie Racine of the pulpit, but extreme purity
of style is almost the onljr point of contact between the two wjitei-s.

MASSIKGEPv, PniLir (lo54-lC40), one of the most
prolific, scholarly, and powerful drama^iits among the

immediate successors of iShafctopearc. de was born in

1584, went to Oxford (St Alban's Hallj in 1602, and left

in 1606. This is all that is known of his early life, except

that his father, as appears from the dedication of one ol

his plays {The BoKclman), was in the service of the

Herberts. That his father's service was not menial is

proved by his having once been the bearer of letters from
the earl of Pembroke to the queen. The industry of anti-

quaries lus discovered only one little fact about Jlassinger

between his leaving Oxford in 1606 and his having a

comedy performed &t court in 1621. This fact is that be

joined with two dramatists. Field and Daborne, in asking

an advance of £5 from the theatrical capitalist, Hcnslowe.
This painful request, the date of which is conjectured to

bo about 1614. sets forth that the three petitioners were

"m unfortunate cxtremitie." In his part of the document
Massinger says that he has "ever found" Henslowe "a
true loving friend." Ths expression seems to point to

his having been connected with plays and players for

some considerable time. After 1621 many of his plays

were acted and pablishcd ; but from the tone of his dedica-

tions it is to be inferred that he was often in straits. The
entry in the parish register of St Saviour's—" March 20,

1639-40—buried Philip Massinger, a stranger"—may
mean only that Massinger was not a resident in the parish

;

but it is sadly out of keeping- with the dramatist's place in

the respect of posterity.

In the barrenness of authentic fact, conjecture has been

busy with Massinger's life and character. One of the

questions that have been raised about him,—whether or not

he was a Roman Catholic,—leads to other questions that

have more than a personal interest. Attempts to fix the

political or the religious creed of a dramatist aro generally

fanciful ; as a rule, when a critic finds an opinion expressed

by one of a dramatist's personages with exceptional and

striking force, he jumps to the conclusion that the dramatist

must have held this opinion himself as a ruling conviction.

The evidence that Massinger was a Roman Catholic at a

time when the creed was held under pains and penalties

is of a more serious kind, though not conclusive. It rests

upon three of his plays. The Virgin Martyr (printed in

1622, acted before 1620), The Renegado (acted in 1624),

and The Maid of Honour (printed in 1632, but probably

acted earlier). In the first of these Massinger was assisted

by Dekker, "SVhether or not the author was a Roman
Catholic, it is certain that only a Roman Catholic audience

could be expected tc enter into the spirit of these plays

and applaud at the end ; and they are very remarkable

theatrical phenomena to have appeared in the reign of

James.

Tlie Virtjin Martyr, founded on the martyrdom of Dorothea it>

the time of Diocletian, is, in effect, an old miracle play in five acts.

The devil himself appears on the stage,—first in human shape as the

servant of a persecutor, hunting out victims and insti"atins tho

most cruel tortures; afterwards in "a fearful shape' wilh firo

flashing round him. The page of the martyr Dorothc.-* is an angel

in disguise, who also appears in his own proper shape before theend

of the play. Dorothea is tortured on tho stage in the most revolt-

ing fashion, dragged about by tho hair, kicked, beaten with

cudgels, but her pag9 Angelo stands 'oy, and she is miraculoasl^

preserved from hurt. Other miracles aro performed on the stagf.

A persecutor falls down in a fit when about to proceed to subject tho

martyr's constancy to the foulest trials. In tho last act ft basket of

fruit from paradise is brought on, and the chief persecutor eating

of it is wholly changed in spirit, and drives away his diabolic scr-

Taut by holding up a, cross cf flowers. At the close the martyrs

appear in white rjhes, transfigured. Tha Virriin UaHijr furtker

resembles the miracle play in the coarseness of the comic sajnsss in-

tended to illustrate the power of the devil over the most base and

grovelling natures. The tone of the play throughout is serious and

lofty ; the passions of the persecutors and the heroic devotion of the

martyrs are given with great dramatic force. This is a very



M A S — M A S 613
remarkable plaj- to hare ajrpnni KnrlJrnly amMst the run oi secu-
lar piece* Itficemsto have been popular, .and was sereral times
reprinted before the Restoration. Tliat :he Ji-ncyado should have
Ifound favour is still more rcuiarkable. In itself it is a powerfully
ll«B»tructed play, strong in character and incident Massing.ir'a
kaning to Roman doctrine is supposed to be shown by his making
•ne of his heroines—a converted Turk, a sultan's sister—experience
complcta apij'itaiil transroroiatioQ after receiving the rite of baptism.
But there u a more suggestive and stranger fact than this. The
liero of the piece, Francisco, is a Jesuit priest, treated with profound
respect throughout, a man of noble onMlflsii ubis, runoing all risks

to save and gain souls, exercising the strongest moral inlluence for
the wisejit and most benevolent purposes. Francisco's influence per-

vades the play, and is crowned witii triumph at the end. He sails

back to Venice with a noble lady rescued from the infidel, her virtue
protected by an amulet during her captivity, a renerade military
Bero restored to his country and the chareh, a noble Venetian
rescued ftom spiritual and physical perils, the beautiful sister of the
<toltan converted to Christianity. That a London audience should
have tolerated this glorification of a Jesuit xitliin twenty years of
flie Gunpowder Plot is an extraordinary fact, of which the explana-
tion is still to seek. In the Maid of Honoxtr the heroine relieves

a highly complicated situation at the end by taking the veil, giving
a third of her property to a nunnery, a third for pious uses, and a
third to an honest, faithful, but to herunattractive lover. For tlii;

»he is held up as " to all posterity a fair example for noble maida to
hnit»tf< " Only mn ondience of very pious Ctbolics could have
sympathized with such a conclusio'i

Such plays sliow that Jlassinger, if not a Roman
Catholic, was at least not blinded by the popular hatred of

them, but could dwell in rapt admiration on what was noble
and lofty in the motives supplied by the Roman Church.
The strange thing is that he found a manager to produce
these plays, or an audience to tolerate them. It may be
doubted whether Massinger was ever a popular dramatist.

His poverty is cot indeed conclusive on this point, for the

prices paid for plays were so small that a dramatist could
hardly make a livelihood by play writing, unless he was
also an actor or a theatrical manager. But the best
qualities of his plays appeal rather to thoughtful politicians,

moralists, and students of character than to itio simple
feelings of the ordinary playgoer. Only one of them, A
New IVai/ to Pay Old Debts (printed 1G33), has kept the
stage, and that chiefly because the leading character, Sir

Giles Overreach, a sort of commercial Richard IIL, a com-
pound of "the lion and the fox," provides many opportuni-
ties for a great actor. Like all Massinger's plays, it is most
ingenious and effective in construction, but in this as in

others he has been more intent upon tho elaboration of a
plot and the exhibition of a ruling passion than upon
winning tho love and admiration of his audience for heroes
and heroines. The other personages besides Sir Giles are

either conventional comic figures, or dim, feebly outlined,

aninteres'.ing characters. The reformed prodigal and the
two pairs of lovers who outwit the cunning diplomatist by
simple means seem poor, joyless, bloodless phantoms when
put side by side with the ricli life of Shakespeare's youth-
ful lovers and reckless scapegraces ; they are mere foils to

Overreach ; their life is not displayed, it is only indicated
in the dialogue. With the exception of this play, all

Massinger's have been relegated to th'd study since his own
lime. The Fatal Dowry] (printed 1632), in which
Massinger had the assistance of Field, was partially

resuscitated by Howe, being made the b«?is of the Fair
Penitent. In Massinger's own judgment, tho linman Actoi-

was " tho most perfect birth of his Minerva." It is in
effect a stndy of the tyrant Domitian, and of the results of
despotic rule on the despot himself and his court; the
intrigues and counter intrigues, the rise of sycophancy, the
fall of honesty, tho growth of the appetite for blood, the
growth and final triumph of the spirit of revenge, are
MddhitadVwith great power. Among the dramatists of
that great period, Massinger comes next to Shakespeare in

the art of opening and developing a plot The Bondman,
the Duke of Milan, and the Orecu. Dtde of Florence are clan

favourable specimens of >fassinger'8 power. But what was
said by one of his admirers in the dedication of the City
Madamis perfectly true, that, " though he composed many
plays, he vtrote none amiss." The manners and the
characters are always clearly conceived, although the
dramatist's strength is put forth in the portrayal of some
one ruling passion. The action always marches forward
steadily, with as little as possible of irrelevant digression

;

so steadily in fact is the main purpose pursued as to pro-

duce a certain air of labour and constraint The language
is never mean, and never turgid ; in impassioned situations

It wants fire and directness. If the stag? were ever delibe-

rately employed as an historical school, frequented by
audiences anxious to get a clear and vivid impression of

important situations, going to the theatre not to be
interested against their will but willing to be interested,

the dramas oi Massinger would furnish excellent models.

Several of Jl.isslnger's plays are no longer extant. Eight of them
were among those destroyed by Warburton's cook. The most
recent edition of those remaining, nineteen in number, is Cunning-
ham's (1870). Gifford edited Jlassinger with great caio. (W. il.

)

MASSORAH (n-JDD), better JIassoeeth (n^BO), a lata

Hebrew word meaning " tradition," is the technical term
specially applied to the tradition by which Jewislv

scholars (MassoreU, n^JDfpn »7p) sought to fix the cor-

rect writing and reading of the text of the Old Testa-

ment. An oral tradition on disputed points of this soiB

naturally existed from the early days of the Jewish schools,'

but the use of a written Massorah in notes on the margin

of Bibles, at the end of Biblical codices or of the individual

books contained in them, or in separate works appears to

have followed the introduction of the vowel points, and to

have been influenced by similar labours of Syrian scholan

See Hebrew LanguagS, voL xL p. 600
MASSOWAH, or Mesowah, a town on the Abyssinian

coast of the Red Sea, on a small coral island of the same
name, in 15° 30' N. lat and 39" 30' K long. The height

of the island is from 20 to 25 feet above the sea, the length

does not exceed i mile, and the breadth is about -} mile.

The western half is occupied by the town ; in the eastern

half are Mohammedan burying-grounds and dismantled

cisterns. Most of the dweUing-booaea are mere atcur

huts ; the mosque, the Roman Catholic church, the GovernJ

ment buildings and custom-house, and the residences of the

principal merchants are of stone. Water was formerly

scarce, and had for the most part to be carried from the

mainland ; but in 1872 an ancient aqueduct from Jlokullu

was restored, and continued by an embankment to the

to's^. Besides the original Ethiopians, who speak a TignS

dialect corrupted with Arabic, the population, estimated

at from 5000 to 6000, comprises Arabs from Yemen and
Hadramaut, Gallas and Somalis, and Hindus from SuraU'

The trade, which consists mainly in exporting hides, butter,

Abyssinian coffee, and civet, and importing European and
Indian cotton goods and silks, increased in value from

about .£05,000 per annum in 1865 to from ^240,000 to

£280,000 between 1879 and 1881.

The island of ilassowab (locally Base) has proliably been inhabited

from a very early date. ItwasatMassowah(Mat7.ua.asth9vcalledit)
that the Portuguese landed in 1542 under Chrislovuo da Cama. Ctp-
turcd bythoTurksinl557, theislandhftsremainedmorcorlessstrictly
aTurkish possession ever since. A military colony of Bosnians settled

at Arkiko was appointed, not only to defend it in case of attack

from the inainlanil, but to keep it supplied with water in return for

$1400 per month from the town's customs. For some time in th«
close of last century Jfassowah was held by the slierif of llecca,

and it afterwards passed under Mebemet Ali of F.gypt. The Turks
were reinstated about 1850, but in 1865 they handed the island

back to Egypt for an annual tribute of 2i million piastres.

SenBrucc's rravcif, vol. iv. jHeuglininPetermann sJ/i«/«'i?ufi(7S«j

1860; Rassam, £ri/.- Mimon loAii/ssinia,\S6\)i Pennazzi in Ifumi
Aniologia, July 1880.
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MASSYS, or Matsys, Qontin (1466-1530), was born

at Louvain, where he first learned a mechanical ait. During

the greater part of tlie 15th century the centres in which

the painters of the Low Countries most congregated were

Bruges, Ghent, and Brussels. Towards the close of the

same period Louvain took a prominent part in giving

employment to workmen of every craft. It was not till

the opening of the IGth century that Antwerp usurped the

lead which it afterwards maintained against Bruges and

Ghent, Brussels, Mechlin, and Louvain. Quintin Massys

was one of the first men of any note who gave repute to

the guild of Antwerp. A legend still current relates how
the smith of Louvain was induced by affection for the

daughter" of an artist to change his trade and acquire

proficiency in painting. A less poetic but perhaps more

real version of the story tells that Quintin had a brother

with whom he was brought up by bis father Josse Massys,

a smith, who held the lucrative offices of clockmaker aud

architect to the municipality of Louvain. It came to be a

question which of the sons should follow the paternal

business, aud which cirve out a new profession for himself.

Josse tlip son elected to succeed his father, and Quintin

then gave himself to the study of painting. But it is not

improbable that as he lived in an age when single

individuals were cunning in various branches of design,

Quintin was equally familiar with the chisel and file

or the brush and pencil. We are not told expressly from
whom Quintin learned the profession in which he acquired

repute, but his style seems necessarily derived from the

lessons of Dierick Bouts, who took to Louvain the mixed
art of Memling and Van der Weyden. When he settled

at Antwerp, at the age of twenty-five, he probably had a

6tyle with an impress of its ' own, which certainly con-

tributed most importantly to the revival of Flemisli art

on the lines of Van Eyck and Van der Weyden. Wut
particularly characterizes Quintin Massys is the strong

religious feeling which he inherited from earlier schools.

But that again was permeated by realism which frequently

degenerated into the grotesque. Nor would it be too

much to say that the facial peculiarities of the boors

of Van Steen or Ostade have their counterparts, in

the pictures of Massys, who was not, however, trained

to use them in the same homely way. From Van der

Weyden's example we may trace the dryness of outline and
shadeless modelling aud the pitiless finish even of trivial

detail, from the Van Eycks and Memling through Dierick

Bouts the superior glow and richness of transparent pig-

ments, which mark the pictures of Massys. The date of

his retirement from Louvain is H91, when he became a

master in the guild of painters at Antwerp. His most
celebrated picture is that which he executed in 1508 for

the joiners' company in the cathedral of his adopted city.

Next in importance to that is the Maries of Scripture round
the Virgin and Child, which was ordered for a chapel in the

cathedral of Louvain. Both altar-pieces are now in public

museums, one at Antwerp, the other at Brussels. Both
challenge attention for the qualities which have already been

described. They display great earnestness in expression,

great minuteness of finish, and a general absence of effect

by light or shade. As in early Flemish pictures, so in

those of Massys, superfluous care is lavished on jewellery,

edgings, and ornament. To the great defect of want of

atmosphere such faults may be added as affectation, the

result of excessive straining after tenderness in women, or

common gesture and grimace suggested by a wish to render

pictorially the brutality of jailers and executioners. I'et

in every instance an effort is manifest to develop and
express individual character. This tendency in Massys is

chiefly illustrated in his pictures of male and female market

bankers (Louvre and Windsor), in which an attempt is

made to display concentratad cupidity and avarice. The
other tendency to excessive emphasis of tenderness may be
seen in two replicas of the Virgin and Child at Berlin
and Amsterdam, wlicre the ecstatic kiss of the mother ia

quite unreal. But in these examples there is a remarkable
glow of colour which takes us past many defects. Expres-
sion of despair is strongly exaggerated in a Lucretia at the

museum of Vienna. On the whole the best pictures of

Massys are the quietest; his Virgin and Christ or Ecce
Homo and Mater Dolorosa (London and Antwerp) display

as much serenity and dignity as seems consistent with the

master's art. A telling example of his partiality for gro-

tesque character in face is an Epiphany iu the collection of

JlrH. R. Hughes in England. His skill as a portrait painter

has not been suflaciently admired, probably because most of

his likenesses have ceased to be identified with his name.
Egidius at Longford, which drew from Sir Thomas Jlore

a eulogy in Latin verse, is but one of a numerous class, to

which we may add the portrait of Maximilian of Austria

in the gallery of Amsterdam, a masterpisce which at some
future period may afford a clue to other works of similar

treatment in English and Continental galleries. Massys
in this branch of practice was much under the influence of

his cuntemporarie-9 Lucas ot Leyden and Mabuse. His
tendency to polish and smoothness excluded to some extent

the subtlety of modulation remarkable in Hulbeiu and
Diirer. There is reason to think that he was well

acquainted with both these German masters. He probably

met Holbein more than once on his way to England. He
saw Diirer at Antwerp in 1520. Quintin died at Antwerp
in 1530. The puritan feeling which slumbered in him
was fatal to some of his relatives. His sister Catherine

and her husband suffered at Louvain in 15-13 for the then

capital offence of reading the Bible, he being decapitated,

she buried alive in the square fronting the cathedral.

Qaintin's son, Jan Massys, inlieritcd tlie srt lut not tlie skill of

his parent. The earliest of his works, a St Jerome, ilateJ 1537, in tlie

gallery of Vienna, the latest, a Healing of ToMas, of 1564, in tlie

iiiuseitm of Antwerp, are sufficient evidence of his tcinlcney to sub-
btitiite imitation for original thought.

MASTER AISD SERVANT. These are scarcely to bo

considered as technical terms in law. The relationship

which they imply is created when one man hires the labour

of another for a term. Thus it is not constituted by merely

contracting with another for the performance of a definite

work, or by sending an article to an artificer to be repaired,

or engaging a builder to construct a house. Nor would

the employment of a man for one definite act of personal

service— e.y., the engagement of a messenger for a single

occasion—generally make the one master and the other ser-

vant. It was held, however, in relation to the offence of em-
bezzlement, that a drover employed on one occasion to drive

cattle home from market was a servant within the statute.

(See article E.mbezzlement for definition of " cleik

"

or "servant" in that connexion.) On the other hand,

there are many decisions limiting the meaning of "servants"

under wills giving legacies to the class of servants generally.

Thus " a person who was not obliged to give his whole

time to the master, but was yet in some sense a servant,"

was held not entitled to share in a legai;^ to the servants.

These cases are, however, interpretations' of wills where the

intention obviously is to benefit domestic servants only.

And so in other connexions questions may arise as to the

exact nature of the relations between the parties—whether

they are master and servant, or principal and agent, or

landlord and tenant, or partners, <tc.

The terms of the contract of service are for the most

part such as the parties choose to make them, but in tho

absence of express stipulations terms will be implied by the

law. Thus, "where no time is limited either expressly or

by implication for the duration of a contract of hiring and
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service, tlie hiring is considered as a, general hiring, and in

poiat of law a hiring for a year." But "iii^tlie case of

flomeatic and menial servants there is a *ell-known rule,

founded solely on custom, that their contract of service

may be determined at any time bv giving a month's warn-

ing or paying a month's visages, but a domestic or other

yearly servant, wvotuj/uUy quitting his master's service,

forfeits all claim to wages for that part of the current year

during which he has served, and cannot claim the sum to

which his wages would have amounted had he kept his

contract, merely deducting therefrom one month's wages.

Domestic servants have a right by custom to leave

their situations at any time on payment of a calendar

month's wages in advance, just as a master may discharge

them in a similar manner "(Manley ^tmiVs Laiv of blaster

and Servant, chaps, ii. and iii.). The master's right to chastise

a servant for dereliction of duty (which appears to be still

recognized in some Americas cases) is no longer sustained

in English law, unless perhaps in the case of servants

•inder age, to whom tlie master stands in loco parentis.

Tiie following are assigned by Manley Smith as in general

•lifiicient grounds for discharging a servant :—(1) wilful

disobedience of any lawful order
; (2) gross moral mis-

conduct; (3) habitual negligence; (4) incompetence or

permanent disability caused by illness.

A master has a right of action against any person who
deprives him of the services of his servant, by enticing

him away, harbouring or detaining him after notice, con-

fining or disabliug him, or by seducing his female servant.

Indeed the ordinary and only avaikble action for seduc-"

tion in English law is in form a claim by a Darent for the

loss of his daughter's services.

The death of either master or servant in general puts an
end to the contract. A servant wrongfully discharged may
either treat the contract as rescinded and sue for services

actually rendered, or he may bring a special action for

damages for the breach. A master is boi nd to provide

food (but apparently not medical attendance) for a servant

living under his roof, and wilful breach of duty in that

respect is a misdemeanour under 24 ii 25 Vict. c. 100.

A servant has no right to demand "a character "from
an employer, and if a character bo given it will be deemed
a privileged communication, so that the master will not be
liable thereon to the servant unless it be false and malicious.

A juastor by knowingly giving a false character of a servant

to an intending employer may render himself liable—should

the servant for example rob or injure his new master.
For penalties incurred by peisonatiiig masters and giving false

certi6ciite3 of character, or by persons offering tlieniselves as
servants with false or forged certificates, see 32 Geo. III. c. 56.

Keference may be made to the article on Labour and Labottr
Laws for tiia cases in which special terms have been introduced into
contracts of service by statute (e.g., Truck Act), and for the recent
legislation on the subject generally, including the Employers'
Liability Act, 1880.

The master's liability on the contracts of his servant depends on
altoKother different principles from those on which his liability for

neglif;euc6 has been justified. It is substantially a case of liability

0." principal for the acts of an agent. The main question in all cases

is whether the alleged agent had authority to m.-ikc a contract for

his principal, and in the relation of master and servant there may
bo any variety of circumstances giving rise to that presumption.
Heru the rights of third persons have to be considered, and the
master will be held liable to them wherever ho has "by words, con-
duct, o*r demeanour hold out his servant as a general agent, whether
in all kinds of business or in transacting business of a particular
kind,"—even if the servant should act contrary to express ordei-s.

For ciamplo, a horse-dealer sending his servant to market with a
horso to sell wfll be liable on tho servant's warranty, although he.
has been positively ordered not to wanant ; whereas an owner
sending a stranger to sell would not ba liable on a warranty given
contrary to express directions.

MASTIC, or Mastich, a resinous excdation obtained from
the lentisk, Pistacia Lenliscns, an evergreen shrub of the

uatural order Anacardiacex. The lentisk or mastic plant is
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indigenous to the Mediterranean coast region fiom Syria

to Spain, but grows also in Portugal, Morocco, and the

Canaries. Although experiments have proved that excel-

lent mastic might be obtained in other islands in the archi-

pelago, the production of the drug has been, since the time

of Dioscorides, almost exclusively confined to the isknd of

Scio. The mastic districts of that island are for the most
part flat and stony, with little hills and few streams. The
shrubs are about G feet high. The resin is contained in

the bark and not in the wood, and in order to obtain it

numerous vertical incisions are made, during June, July,

and August, iu the stem and chief branches. The resin

speedily exudes and hardens into roundish or oval tears,

which are collected, after about fifteen days, by women and
children, in little baskets lined with white paper or cotton

wooL The ground around the trees is kept hard and
clean, and flat pieces of stone are often laid beneath

them to prevent any droppings of resin from becoming
contaminated with dirt. The collection is repeated three

or four times between June and September, a fine tree

being found to yield about 8 or 10 lb of mastic during

the season. Besides that obtained from the incisions,

mastic of very fine quality spontaneously exudes from the

small branches. The harvest is affected by showers of

rain during the period of collection, and the trees are much
injured by frost, which is, however, of rare occurrtnce in

the districts where they grow.

Four qualities of mastic are recognized.by the dealers in Scio.

1. Cake, consisting oi large pieces, sold chiefly for use in the
seraglios, being chewed by women of all ranks throughout tlia

Tuikish emphe, for the purpose of imparting an agreeable odour
to the breath. This quality is worth 120 to 130 piasti-es per oke (ol

2'83 lb) or even more.

2. Large tears, worth 90 to 100 piastres.

3. Small tears, valued at 75 to 80 piastres.

4. Mastic mixed with fragments of leaves and sand, chiefly con-

sumed in the mafaufacture of the Turkish liqueur, or mastic brandj",

called raki, and other cordials.

The third sort, in small tears, is that which is chiefly exported

to England, the first and second qualities being sent to Turkey,
especially Constantinople, also to Trieste, Vienna, and Marseilles.

These varieties are Known to the dealers as KuKurri, tpKitrxipi,

irfjTTo, and (pKovSa respectively.

Mastic still forms the principal revenue of Scio. In 1871, 28,000
lb of picked and 42,000 lb of common were exported from that

island, the former being worth 6s. lOd. and the latter 2s. lOd. per

lb. The average price in London varies from 2s. 6d. to 4s. 6d. per lb.

During the 15th, ICth, and ITth centuries mastic enjoyed a high
reputation as a medicine, and formed an ingredient in a large num-
ber of medical compounds, but its use in medicine is now almost

obsolete.

Mastic occurs in English commerce in the form of roundish tears

anout the size of peas, some of them, however, being oblong or

pear-shaped. Tliey are transparent, with a glassy fracture, of a

pale yellow or faint gtecnish tinge, which darkens slowly by age.

When chewed .they rapidly soften, by which character they aro

easily distinguished from Sandarac resin, which while bearing a
strong resemblance to mastic occurs in tears of a more cylindrical

shape. Tho mastic which has been imported of late years presents

a bright glassy appearance from hav;u" been washed free from dust.

Mastic is soluhle in turpentine, chloroform, ether, acetone, and
oil of cloves ; but cold alcohol dissolves only 90 per cent, of it.

The soluble portion is called Alpha resin (C'-°H'^'), and possesses

acid properties. The insoluble jiortion, £cla resin or Masticin, is

somewhat less rich in o.xygen, and is a translucent colourless tough

substance insoluble in caustic alkali.

Pistacia Khinjuk, Stocks, and P. cahuUca, St, trees growing

throughout Siiidh, IJaluchistan, and Cabul, yield a kind of mastio

wliicli is met with in the Indian bazaars under tho name of Mustagi-

ritmi, i.e., Rom,an mastic. This when met with in tho European

market is known as East Indian or Bombay mastic. In Algeria

P. atlanlica, Desf., yields a solid resin, which is collected and used

by the Arabs as a masticatory. Cape mastic, used by the colonists,

but not exported to England, is the produce of Evryops multifidus,

the resin bush, or harpxds bosch, of tho Boers,—a plant of the com-

posite order growing iibundantly in tho Clanwilliani district.

l)animar resin is sometimes sold under the name of mastic. -The
SVest Indian mastic tree is tho Bursera gummifcra, and the Peru-

vian mastic is Schinus Molle ; but neither of these furnishes com'
nicicial resins.
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MASTODON (from /uuTo?, "nipple," ond o&nV,

"tooth"), a name, stiggestcd Sy the conical or papillary

form of the projections on tb-* molar teeth of souie of the

species, given by Cuvier to a genus of extinct elephant like

animals. Their position in the suborder ProlMSciilea of

the great -order i'ligufala has been indicated in the article

JFammalia (p. 425 of the present volume).

In size, general form, and principal osteological characlera

the Mastodons resembled the Elephants. It is by the teeth

alone that the two groups are to bo distinguished, and, as

shown in the article just referred to, so numerous are the

inodiBcations of these organs in each, and so insensibly do

they pass by a series of gradations into one another,

that the distinction between the two is an arbitrary and

artificial one, though convenient and even necessary for

descriptive purposes.

As in other Proboscideans, the teeth of Mastodons consist

only of incisors and molars. The incisors or tusks arc

never more than a single pair in each jaw. In the upper

jaw they are alwa}-s present and of large size, but apparently

never so much curved as in some species of Elephant, and

they often have longitudinal bands of enamel, more or less

spirally disposed ui^on their surface, which are not met

with in Elephants. Lower incisors, never found in true

Elephants, are present throughout life in some species of

Mastodon, which have the symphysis of .the lower jaw
greatly elongated to support them (as in JA niitjiiis/iilfiis, M.
jxntetici, and ,\[. loiiijiroslyis (see fig. 1, 6"). In the common
American species {M. ohioticus, Bliimenbach) there were two
tusks in the lower jaw in the young of both sexes ; these

were soon shed in the female, but oue of them was retained

in the male. h\ other species no inferior tusks have beeu

found, at all events in adult life (see figure of }F.

iiiriceitsis).

The molar teeth are six in number on each side, increas-

ing in size from before backwards, and, as in the Elephants,

with a horizontal succession, the anterior teeth being lost

before the full development of the posterior teeth, which
gradually move forward, taking the place of those that

have been destroyed by wear. This process is, however,

not so complete as in the true Elephants, and as many as

three teeth may bo in place in each jaw at one time.

There is, moreover, in many species a true vertical

succession, affecting either the third, or the third and

second, or (in one American species, M. prodndfis) the first,

second, and third of the sis molariform teeth. These three

Fio. I.—Mastodon lurieenns (Pliocene). From Sismonila. A, E, M. ohioticus; C, M. longirosiris.

are therefore reckoned as milk molars, and their snccossois

as premolars, while the last three, which are never changed,

correspond to the true molars of those animals in which

the typical dentition is fully developed. The study of the

mode of succession of the teeth in the diSerent species of

Mastodons is particularly interesting, as it exhibits so

many stages of the process by which the very anomalous

dentition of the- modern Elephants may have been derived

by gradual modiiicatiou from the typical heterodont and

diphyodont dentition of the ordinary MaramaL It also

shows that the anterior molars of Elephants do not corre-

spond to the premolars of other Ungulates, but to the milk

molars, the early loss of which in consequence of the peculiar

process of horizontal forward-moving succession does not

require, or allow time for, their replacempnt by premolars.

It must be noted, however, that, in the MastoJon in some
respects the least specialized in tooth-structure, '.he J7.

ohioticus of North America, no vertical succession of the

molars has yet been observed, although vast numbers of

specimens have been examined.

The Mastodons have, generally speaking, fewer ridges

on their molar teeth than the Elephants ; the ridges are also

less elevated, wider apart, have a thicker enamel covering,

and scarcely any cementum filling up the space between

them. Sometimes (as in M. ohioticus) the ridges are

simple transverse wedge-shaped elevations '^•ith straight or

Fia. 2.—Upper Molar of Mastodon arvemensis. From Owen.

concave edges. In other species the summits of the ridges

are more or less subdivided into conical cusps, and may

have accessory cusps clustering around them (as in Jf.

arvemensis, see fig. 2). When the apices of these are worn

by mastication, their surfaces resemble circles of dentlnet
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sarrounded by a border of enamel, nnj as tlie n'.tiitiou

proceeds different patterns are produced by the union of

the bases of the cusps, a trilobed or trefoil form bebg
Ipharacteristic of some species.

Certain of the molar teeth of the middle of the series iu

BotTi Elephants and JIastodons have the same number of

principal ridges, and those in front of them have fewer

and those bsliind a greater number. These teeth were

distinguished as " intermediate " molars by Dr Falconer, to

whose extensive and conscientious researches we owe much
of our knowledge of the structure of this group of animals.

In the restricted genus Elephas there are only tW4), tlie last

milk molar and the first true molar (or the tliird and
fourth of the whole scries), which are alike in the number
of ridges ; whereas in the Mastodons there are tliree such

^eth, the last milk molar and the first and second true

molars (or the third, fourth, and fifth of the whole series).

In tlie Elephat.ts the number of ridges on the intermediate

molars always exceeds five, but in tlie JIastodons it is

nearly always three or four, and the tooth in front has

usually one fewer and that behind one more, so that the ridge

formula (i.e., ». rcrn-..-Iii I'^pressing the number of ridges on
each of the sis molar teeth) of most Mastodons can be

reduced either to 1, 2, 3, 3, .•?, 4 or 2, 3, 4, 4, 4, 5. The
former characterizes the section called Trilophodon, and
the latter that called I'dmlopltodon by Dr Falconer.

These divisions are very useful, os under one or the other

all the present known species of Mastodon can be ranged,

but observations upon a larger number of individuals have
shown that the number of ridges upon the teeth is by no
means so constant as implied by the mathematical formulas

given above. Their exact enumeration is even difBcuIt in

many cases, as " talons " or small accessory ridges at the

hinder end of the teeth occur in various stages of develop-

ment, until tliey take on the character of true ridges.

Transitional conditions have also been shown, at least

in some of the teeth, between the trilophodont and the

tetralophodont forms, aud again between tlie latter and
what Jias been called a " pentalophodont " type, which leads

on towards the conditiou of dental structure characteristic

of the true Elephants.
The rauge o( tbe geuua Afaslodon in time was from the middle of

tlio Miocene period to the end of tlio riiocene in the Qli World,
when they became extinct ; but in America several siiecics

—

especially the best-known, owing to the abundance of its remains,
which has been varionsly called M. ohiolicus, M. amcricanus, and
il.aifiantciis—suivived quite to a late Pleistocene period.

Tho range in space will bo best indicated by the following list

of the Rpnerally rocoguized species. 1. TrilophoJont Beries— .^/.

anqustidens, borsotit, pitUelin, jiyrenaicus, tapiroidcs (or tuviccnsiji),

nrgatidcns, from Kurope; if.falconeri 3.Tt<X jmndionis, from India;
M. fJiioiiciis, obscuruS:a-id proiluctus, North America ; and M, andium
and humboldtii. South America. 2. Tetralophodont series

—

M.
arvcTMniin, M. dissimiUs and longirostris, from Europe ; M.
Inti/fcns, sivalcnsis, and prramensix, from India ; ^f. mirifcwi, from
North America. The only two of which remains have been found
in Gnuat Britain aru M. ttrrcrnc7isis and M. borsoni, both from the
crags of Norfolk and Suffolk.

The range of the genus ^^^ls tlius very extensive, and it lias even
been supposed to reach to Australia, where no Ungulate mammal has
cvir been proved to exist. Tliis s\ipjiiisitioii until very recently has
been based upon tho evidence of o siugto molar tooth of an anim.al
iindoabtodly belon"iug to Mastodon, and alleged to have been
brought from near Borco Creek, an affluent of tho Lachlnn river in
the Ashbumham district, New South Wales, by the late Count
Btrzolccki, and describwl by Professor Owen in 1844 under the name
of M. auilroMs. Its identity with the South American M. andium
has, however, boon shown by Dr Falconer, who has thrown graxe
doubts upon tho locality assigned to the specimen. A fragment of a
tusk, of the Australian origin of which there is less (jnestion, and
whi"U presents the characteristic structure only known at present
m Elephants and Mastodons, boa been lately described by Piufessor
Owuu (Proc. lioij. Soc, March 30, 1882). It waa fooud in s
drift-deposit of a nrineio •diatiictof Darling Downs, 60 miles
to tho eastward of Moreton Bay, Queensland. Unfortunately no
other portions of the remains of tbe ammal to which it boloaged
have been diacovored.

rtiVio/;rapfiu,— Cu\\i:r. fusatie/is FoitiJet; Falconer and Caatley, Fauna
Aftltqva Swaffjnii^ Ib1tM7; R Kolconer, Poliemilological Memoin, editeo oy
C. .Murchlsun. ISrS; Wurrcn, Description of the Skeleton of Mastodon gigantevtt
isii; Owen, Britifk Fossil Mammals; Lartct, *'Sur la dentition dcs Proboici-
dlcns, A-e,/' In Bnit, tie fa Boe. It^otofjique de France, ser. 2, vol. xvl. p. 469, 1859;
A. Guudiy, Animaai Fosstin n GeoloQie de rAttii/ue, 1862-67; J. Lcldy, Coo-
tributions to Fxtiitct Vettehrate Fauna of the Weslern Territories, vol- i., 1873;
I!. Ljdili'ier. ••.Shiallk and Koiluda i'robosddea." In Mimoirt ef the Oeological
Survey of jH<Ua,\ii^Q, (W. H. l''.)f^

MAS'ODY. Abii'l-Hasun 'All iba Hosein iba 'Alf

cl-Mas'i'idy,' was bore at Baghdad towards the close of

the 0th Christian century. Great part of his life was
spent in travel; in 012-13 a.d. he was at Miiltdn in the
Punjab, and also visited Mansiira. Three years later he
was at Ba^ra and met Abu Zeid, the geographer whose
remarks on the extreme Ea.st are comprised in Eeinaud's
Relation des Voyages (Paris, 1845). His writings and
those of Maa'iidy are indebted each to the other. In the
interval it would seem our traveller had gained that

personal acquaintance with Ears and Susiana, and that

knowledge of the books of the Persians, of which hespeakf
in his writings. Once more turning eastward he was af

Cambay in 015-lG, and soon after at Saimiir. Hence he
pushed on to Ceylon and sailed to Madagascar, returning
to 'OmAn in 916-17. In the introduction to the Meadows
he seems also to say that ho had journeyed as far as China;
A northern journey carried Mas'i'idy as far as the Caspian
Sea. In 926 he was at Palestine, where his curiosity, not
limited by religious prejudice, led him to visit the Christia'i

church and describe its relics. In 943-44 he made a
careful study of the ruins of Antiocb, and subsequently
proceeded to Basra. In the same year he composed the
MeaJmvs of Gold. The last ten years of his life wet©
passed in Syria and Egypt. His last work, Tlie Indicator
and Monitor, was written 345 A.H., and his death took
place in Egypt the same year (956-57 a.d.).^ The vast
journeys of Mns'iidy did not pass beyond the lines of com-
mercial enterprise among the Moslems of those days, when
'IrAlj was not unjustly held to be the centre of the world,

and the arras, the trade, and the religion of Isldm pene-
trated to the remotest parts of Asia and Africa. But
Mas'ildy did not travel for gain. His object was to
study with his own eyes the peculiarities of every land,

and to collect whatever was of interest for archaeology,

liistory, and manners. Singularly free from bigciry—he
was himself a Mo'tazilite, one of the heretical sect. ; « they
were reckoned, who held the doctrine of man's free will—

^

he was ready to derive information even from the writings

of infidel Persians or of a Christian bishop.' In the range
of his observations and the naive uncritical honesty with
which he records them he has naturally suggested cotE-

parison with Herodotus, and so competent a judge as Ibn
Khaldiiu gives him the title of imdm of Eastern historians,

an epithet precisely parallel to that borne by Herodotus
among tho historians of the West The parallel, however,
must be taken with great deductions. Of the Meadows,
the work by which Mas'iidy is chiefly known, by far the
greater part is an historical compilation, enlivened indeed
in some parts by personal recollection of places and the
like, but mainly drawn from a vast mass of earlier books*
which are used in the common paste-andscissors fashion
of Eastern history. Even in the earlier cosmographical
chapters the author's vast and miscellaneous reading,>

which included the Arabic tranalutioDS of Ptolemy and
other Greek writers, is mingled with his original observa-i

1 The surname is derived from an ancestor Mas'id, a Mecccb, whose
son 'Abdalla accompanied Mohammed on bis flight to Modina, and ia

often mentioned iu the history of the prophet Details as to the
family are given by Roisfke, Anti. Mos., toL i., note 208.

- See De Sacy, Chrest., Ist ed., ii. 490.
» In the .1AW.1W?. iii. 69, he tells us that at Fostat (Old Cairo), In

S36 A.n., there fell into liis hands a chronicle (now' lost) by (jtodmeTr
bishop of Gironne, which be uses for his narrative.

* Of these the first cbaptei' gives on interesting catalogue.
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tions in that ill-digested style so often cliaracteristic of

men of prouigious acquisitive power j and tlie presentation

of fact3 falls OS far short of freshness and the artistic charm

of the illimitable Grecijin raconteur as the shapeless details

of universal history, as it appeared to the Moslem, fall

short of the epic interest of the great struggle for supre-

macy betft-een Eran and Hellas.

Mas'i'uly lins liimself sketched his literary activity in the opening

chapter of the Meadows and in his last book The Indicator. In liis

liuge Annals (Akhbdr el-Zcmdn)ani in a second work of lc58 extent

(Kitdb cl-Awsai) which followed it he summed up the whole cos-

inographical aud geographical science of his age. These works are

lost or known only by fragments, but we possess an abridgment in

the author's third great work The Meadows of Gold and Mines of
Precious Stones, of which there are many MSS. in European
libraries. It was printed by Barbier do Meynaid with a French
translation, 9 vols. 8vo, Paris, 1861-77, and a. Bulikln 1867(2 vols,

folio). The first volume of an English translation by Sprenger
appeared at London in 1841 ; but the work was not continued. The
Kitab-el-Tanbih (Indicator and Monitor) e.xists in MS. at Paris, and
has been fully described by De Sacy in Notices el Extrails, vol. viii.,

1810 (reprinted at the end of the Paris edition of the Meadows,
wherealist of other works of our author is given). Sec also Quatre-

mtre in Jour As. for January 1839, and the article "Masoudy,"
by Reinaud, in the Nouv. Biog. Genirale.

MASULIPATAM, the chief town of Kistna district,

Madras, India, and a seaport, is situated in 16° 9' N. lat,

81° 11' E. long., with a population in 1871 of 36,316.

The export trade is partly to Europe ; imports are chiefly

local. lu 1874-75 235 vessels of 106,000 tons burthen

visited the port ; the exports (oil-seeds and cotton)

amounted to £171,400, the imports to £119,600. The
town contains the usual district offices, a jail, and several

schools, the chief being the high school. It is a flourish-

ing station of the Church Missionary Society.

Masulipatam was the cirliest British settlement on the Coroman-
del coist. An agency wa? established there in 1611, and a fortified

factory in 16'2'2. During the wars of the Carnatic, the English
ivere temporarily expelled the town, which was held by the French
for some years. In 1759 the town and fort were carried by storm
by Colonel Forde, and it has been held by the British ever since.

Weavers form a large portion of the inhabitants of the ton-a,

fhough their trade has greatly declined since the beginning of this

century. Their operations, besides weaving, include printing,

uleaching, washing, and dressing. In former days the chintzes of

Masulipatam had a great reputation abroad for the freshness and
permanency of their dyes, the colours becoming brighter ifter

tvashing than before. There is still a small demand for these

irticle-s in Burm.ih, the Straits, and the Persian Gulf ; but steam
machinery has nearly beaten the hand-loom out of the field.

Another speciality was Tnctapollams or kerchiefs for the head ; but
fhis industry was ruined by the refusal of the West Indian negroes
to wear these kerchiefs after their emancipation. Tartans, ging-

.^lams, towels, and table linen are still manufactured to some extent,

the importance of the place 's now declining, and the garrison wus
irithdrawn iu 1865. The heaviest blow to the prosperity of the
'own was given by the great storm-wave of 1861, which swept
over the entire town, and is said to have destroyed 30,000 lives.

MATAMGEOS, a city of Mexico, in the province of

Tamaulipas, on the southern bank of the Eio Grande,

ibout 35 miles from its mouth, and directly opposite

Brownsville in Texas. Built in an open plain, Matamoros
has its streets laid out with great regularity ; and the

general appearance gives evidence at once of its rgcent rise

into importance and of the influence of the architectural

fashions of the United States. The principal building is

the large but heavy-looking cathedral A-n extensive traffic,

both legitimate and contraband, is carried on between
Matamoros and Brownsville, and in spite of the bar at the

mouth of the river, which in foul weather prevents the

entrance even of small schooners, the place is not without
its value to Mexico as a foreign port. The imports of

American and of European goods are valued each at about
§1,100,000, with a growing preponderance on the side

of the American. Cotton, flax, silk, and woollen goods
are the main items in the Europe-in list ; cottons, leaf

tobacco, wheat-flour, machinery, and preserved meats ia

the American. Hides and sliius, live animals, and wool
are the principal exports apart from coin and bullion,

which are largely smuggled to avoid the export duty.

The population is about 20,000.
Founded iu the beginning of the century, and named iu honour

of the Jlexican patriot Mariano Matamoros, the city has played a

part in all the more recent wars. It was captured by General
Taylor of the United States in 1S46, was in tli« handt of the ira-

jierialists under JIajia in 1S64, and was occupied by the French iu

1366.

MATANZAS, or San Carlos de Matanzas, a city and

seaport off the north coast of Cuba, and the chief town of

n province, lies 52 miles east of Havana, with which it is

connected by rail. It is a well-built place of from 36,000

to 40,000 inhabitants, occupying a fine site at the head

of the Bay of Matanzas, and separated from its suburbs

Pueblo Nuevo and Versailles by the San Juan on the one

hand and the Yamurri on the other. In the centre of the

principal square is a statue of Ferdinand VII., and along

the east side runs the residence of the commandant. The
new theatre is the handsomest building of its kind in

Cuba, and the Empresa Academy has the repute of being

one of the best educational institutions in the West Indies.

As a commercial centre Matanzas ranks nest to Havana,

having risen rapidly after the removal of the old trade

restrictions in 1809. The exports are mainly sugar and

molasses. The harbour has been deteriorated by the mud
brought down by the San Juan ; but the bay is well

sheltered from all winds except the north-east, which

brings in a heavy sea. Matanzas was founded in 1693
by a number of immigrants from the Canary Islands,

and in the same year Bishop Compostello laid the first

stone of the cathedral. The city sufi"ered severely from

a conflagration in 1845. About 2| miles to the east

are the beautiful stalactite caves of BeUamar, about 3

miles in extent.

MATARO, a Mediterranean seaport of Spain,_ in the

province of Barcelona, 21 miles to the north-east'of that

city, is beautifully situated on the lower slopes and at

the foot of the range of hills which skirt the coast, and

shelter the town from the cold northern winds. The
streets of the new town, lying next the sea, are wide and
regularly built ; those of the old town, further up the hill,

still preserve much of their ancient character. The parish

church of Santa Maria has some good pictures and wood
carvings; other prominent public buildings are the theatre,

the civil-liospital, and the establishments of the Padres

Escolapios. There are small schools of navigation and tho

fine arts. The wine of the neighbourhood, which somewhat
resembles port, is shipped in large quantities from Barce-

lona ; and the district furnishes fine roses, strawberries, and

similar produce for the Barcelona market. There is a

considerable fishery, the products of which are sent inland

to Manresa and other places. The leading industries of

Matar6 are its linen, woollen, and cotton manufactures,

especially of canvas and tarpaulin ; several hundreds of

women are employed in the town and neighbourhood 'n

lace-making ; there are also potteries, machine-making, and
chemical works, and shipbuilding is carried on to some
extent. The railway to Barcelona, opened in October

1848, was the first to be constructed in Spain. Matard
has no artificial harbour, several attempts to make one

hiiving failed ; the trade is carried on chiefly through

Barcelona. The population in 1877 was 17,405. Outside

the town is the much-frequented carbonated mineral

spring of Argentona.

MATCHES. Till the close of the 18th century flint

and steel with tinder box and sulphur-tipped splints of

wood—"spunks "or matches—were the common means of

obtaining fire for domestic and other purposes. The sparks

struck off by the percussion of flint and steel were made to
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fall imong tLe tinder, wliich consisted of carbonized Irag-

ments of cotton and linen; the entire mass^of the tinder

was set into a glow, developing sufficient beat to ignite the

6uh)bur with which the matches were tipped, and thereby

the splints themselves were set on fire. Instead of tinder,

raatch-paper or touch-paper, a thick bibulous paper impreg-

nated with saltpetre (nitrate of potash), and amadou or

German tinder, a thick, leathery and porous preparation

from the fungus Polyponts fomentarivs, were often used.

It was not till 1803 that any attempt was made to use

chemical agency for the ordinary production of fire. In

that year M. Chancel, assistant to Professor Thenard of

Paris, introduced an apparatus consisting of a small bottle

containing asbestos, saturated with strong sulphuric acid,

with splints or matches coated with sulphur, and tipped

with a mixture of chlorate of potash and sugar. The

matches so prepared, when brought into contact with the

sulphuric acid in the bottle, ignited, and thus, by chemical

action, fire was produced. It appears also that in the same

year phosphorus matches were known in Paris, and in 1809

Derepas proposed to lessen the dangerously"great inflamma-

bility of the phosphorus match by making an igniting

mixture of that element with magnesia. It is also said

that M. Derosne made a friction match with a phosphorus

tip in 1816. Again in 1823 a phosphorus match was pro-

posed, but it came into little use. In this case the composi-

tion consisted of equal parts, of phosphorus and sulphur

cautiously melted together in a glass tube. The tube was

then securely corked, and, to obtain a light, a splint was

introduced into the mixture, and a small pellet detached,

which on withdrawal and exposure almost spontaneously

ignited. In that year (1823) a decided impetus was given

to the artificial evolution of fire by the introduction of the

Dobereiner lamp, so called after its inventor Professor

Dobereiner of Jena. The action of this elegant invention

depends on the remarkable property possessed by spongy
or highly porous platinum of determining the combination

of hydrogen and oxygen and the formation of water at

common atmospheric temperatures. In the Dobereiner

lamp hydrogen is evolved in a suitable vessel by the action

of zinc on acidulated water. The gas so liberated, when
required, is passed through a fine orifice by means of a
stop-cock, and impinging on a mass of spongy platinum
mounted in a frame it combines with oxygen of the air,

thereby developing an intense heat, which quickly causes

the platinum to glow, and ultimately is sufficiently intense

to set the stream of hydrogen itself on fire. The
Dobereiner lamp is still occasionally seen, but it is chiefly

used in connexion with chemical lectures.

The first really practical friction matches were made in

England in 1827, by Mr John Walker, a druggist of
Stockton-on-Tees. These were known as "Congreves"
after Sir William Congreve, Bart, the inventor of the
Cougreve rocket, and consisted of wooden splints or sticks
of cardboard coated with sulphur and tipped with a
mixture of sulphide of antimony, chlorate of potash, and
gum. With each box of eighty-four, which was retailed
at a shilling, there was supplied a folded piece of glass
paper, the folds of which were to be tightly pressed
together, whilet^e match was drawn through between them.
In 1830 the so-called " Prometheans" were patented by
Mr S. Jones of London. These consisted of a short roll

of paper with a small quantity of a mixture of chlorate of
potash and sugar at one end, a thin glass globule of strong
sulphuric acid being attached at the same point. When
the sulphuric acid was liberated by pinching the glass
globule, it acted on the mixed chlorate and sugar, pro-
ducing fire.

The phosphorus friction match of the present day was
Grst ;nt>-ouuued on a commercial scale in 1833; and it
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appears to bave been made almost sTmuTtaneously in several

distinct centres. The name most prominently connected

with the early stages of the invention is that of Preschel of

Vienna, who in 1833 had a factory in operation for

making phosphorus matches, fusees, and amadou slips

tipped with igniting composition. At the same time also

matches were being made by Moldenhauer in Darmstadt

;

and for a long series of years Austria and the South-

German states were the principal centres of the new
industry. Improvements in the manufacture have been
numerous; and the industry is now carried -on with a
complete system of ingenious labour-saving machinery.

The use of phosphorus as a principal ingredient in the

igniting mixture of matches has not been free from very

serious disadvantages. It is a deadly poison, the free

dissemination of which has led to many accidental deaths,

and also to numerous cases of wilful poisoning and
suicides. Workers also who are exposed to phosphorie

vapours are subject to a peculiarly distressing disease which
attacks the jaw, and ultimately produces necrosis of thejaw-

bone ; it appears, however, that, with scrupulous attention

to ventilation and cleauliness, almost all risk of the

disease may be avoided. Strenuous efforts have been
made by numerous inventors to introduce matches having
no phosphorus in their igniting mixture, but hitherto

with indifferent success. The most serious objections

to the use of phosphorus have, however, been overcome
by the discovery of the modified condition of that body,

known as red or amorphous phosphorus, made by Pro-

fessor Anton Von Schrotter of Vienna in 18-15, and the!

utilization of that substance in the now well-knowa
"safety matches" invented by Lundstrom'of Sweden in

1855, and first manufactured in the United Kingdom by
Bryant & May of London. Red phosphorus is, in itself,

a perfectly innocuous substance, and no evil effects arise

from freely working the compositions of which it forms an
ingredient. The fact again that safety matches ignite only
in exceptional circumstances on any other than the pre-

pared surfaces which accompany the box—which surfaces

and not the matches themselves contain the phosphorus

required for ignition—makes them much less liable to causa

accidental fires than the kinds more commonly in use.

Mannjaclure

.

—The o];erations carried on in a match factory

may be grouped under the four heads of preparin<; the splints,

dipping the matches, box-making, and hlling.' The varieties

of wood principally used for matches are poplar, aspen, yellow pine,

and white pine. Splints are either round or quadrangular, th»
former having been at one time exceedingly coiiimon, when
Austrian manufactures ruled the markets ; but, now that Sweder.
is the principal match-manufacturing country, matches arc ncarl;;

all square in section. For cutting square splints many ingenious
machines have been devised, some of which, worked by engine-
power, can turn out from 15,000,000 to 17,000,000 splints per day.
In Sweden the manufacturers use principally aspen or clean,
grained pine wood, preferring sections 12 to 20 inches in diameter,
newly felled and full of sap. If dry, the wood must be soaked
before it is fit for the operations through which it ]vasses. The
timber is cut into blocks about 15 inches long—sulhcient for
seven matches—and being freed from bark it is (Ixed in a special
form of turning lathe, and by means of a fi.Ncd cutting tool acting
on its entire length a continuous veneer or band the thickness
of a match is cut off. With each revolution of the block the
knife advances proportionately to the thickness of the band
cut olf, and thus a uniformly thick slice is obtained continuously.
At the same tinio eight small knives cut the veutcr into seven
separate bands each the length of a match, and thus in one
0|)eration seven long ribbons of wood the length and thickness
ot a match are obtained. These ribbons are next broken into
lengths ot from 6 to 7 feet, knotty iiieces are removed, and to cut
them into single matches they are fed into a machine which acts
somewhat like a straw-chopper. From 120 to 140 bands are acted
on in the app.aratus, and a ratchet arrangement feeds theni forward
the thickness of a match at each stroke of the cutter, which thus
cuts off 120 to 140 matches per stroke. Worked by hand the
machine delivers about 5,000,000 splints per day, and by power it

can be run to turn out double that niimhor The ^iiitches are nc\t
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dried in rovolviiis drums in a heated chamtcr or stove, and tlieie-

after they are silted in a kind of partitioned sieve to free tLiera

from fragments and splinters. The sifting prccess also arranges

all the splints in parallel order and in uniform quantities, whereby

they may be conveniently bundle.l and prepared for the dipping

which next follows. Foe the dipping process it is Decess.iry to

keep each match free from contact with its neighbour, and indeed

allow it such a space that each may be fully coated and yet there

he no danger of the igniting composition clotting the heads into

one ma'^s. To effect this the splints are by an ingenious machine

seuaiately .arranged at uniform intervals between tlie lathes of a

dipping frame. The dipping frames are made about 18 inches

squareranvl are fitted with 44 movable lathes. Between each pair

of l.ath«s 50 splints are inserted by the machine, and when tightened

up by screws each frame thus contains 44 x 50 = 2200 splints placed

at rcguhtr intervals, the heads of which are all on tlie same level.

A single .itteudaut can place, by aid of the machine, about 1,250,000

matches in the dipping frames per day. The dipjiiug is done in a

stove of miusoniT which contain;" three square flat-bottomed shallow

pans. lu tlie first the splints aro heated so as to facilitate the

absorption oE paiallin ; in the second their points are dipped into

molten parainn scale ; and in the third they receive their heads or

lips of igniting composition, that mixture being kept in a uniform

thin str.itiiin in the tian, or in some cases it is sui)plied by an eiidlcss

india-rubber belt which revolves and dips into the composition.

A skilful workman can dip from 3500 to 4000 frames, or about

8,000,000 matches, a day. The frames so dipped are afterwards

arranged in a heated apartment till the igniting composition is dried,

after which the matches are taken out and put up in boxes by hand.

Jfcitch splints in the factories of the United Kingdom are generally

cut in Lengtlis suitable for two matches, and dealt with in that form

throughout. Tlio splint-cutting machine patented by John Jex

Lons; of Glasgow in 1871 differs essentially from the Swedish

splint-making machinery above alluded to ; it acts on squared

blocks tivo-raatch length, and is cnpnM" of jiroducing up to

17,000,000 matches per day.

The object of dipping in melted par.ifliu is, of course, to secure

more ready ignition of the wood. Sulphur was formerly employed

for that purpose ; and enormous quantities of the cheaper matches

made on the Continent and in America continue to be snlphur

dipped. The cheaper kinds are frequently " bundle dipped " in the

molten sulphur, after which their poinK nre merely pressed against

the igniting composition.

Tlie chief element in the igniting lui.vture of ordinary matches

is still common phosphorus, combined with one or more other bodies

which readily piirt with oxygen under.tlie influence of heat. Chief

among these latter substances is chlorate of potasli, the body which

causes the sharp explosive sound when a common match is struck,

ond to the use of which there is a strong objection on the Continent

from the fear of explosions m dealing with the substance in largo

quantities. The other oxygen-yielding bodies coiumonly found in

matches are red lead, nitr.ateof lead, bichromate of jiotash, and per-

oxide of manganese. The proportions in whi-h any of these bodies

is present in various igniting compositions are kept trade secrets
;

they vary greatly, as special regard must be given to matches

for damp climates, or for ocean transport, and to other considera-

tions. The igniting agents are made into a paste with glue or

gum as an adhesive agent, a little fine sand or powdered glass,

and some colouring ingredient such as cinnabar, smalt, magenta,

cr Prussian blue. Matches in which amorphous phosphorus

taltes the place of the common variety, notwithstanding several

obvious advantages, have never come into general use. They

were shown in the Great Exhibition of 1S51 by Bell & Black

of London ; and Foster & Warwa of Vienna, one of the earliest

mitch-making firms, long continued to make them, as did also

Cogniet Pere et Fils of Paris. As made by these and other m.akcrs

they were diflicult to strike, requiring a special rough rubbing

surface ; the head frequently broke away in the attempt to light

them, and when they did inflame it was with explosive violence

and a loud spluttering noise. Dr Von Schrbtter, the discoverer of

amorphous phosphorus, claims to have found a means of preparing

combinations of amorphous phosphorus with chlorate of potash

Hnd other oxygen-yielding compounds of all degrees of combusti-

bility, and he states that Hochstatter of Frankfort now manufactures

matches with amorphous phosphorus composition wliich may be

ignited by rubbing on a cloth surface, which inflame quietly,

burn without smell or sparking, are not influenced by damp, and

are cheaper than common phosphorus matches. The use of

amorphous phosphorus—bat on the rubbing surface only and not

in the dipping composition (safety matches)—was first saiggested by

Bottgcr, but it was not till a patent was secured by Lundstiom in

1855 that the matches were brought into the market. According

to J. G. Gcntcle, the elements of the dipping mixture for the heads

are—chlorate of potash, 32 parts ; bichromate of potash, 12 ;

red lead, 32 ; sulphide of antimony, 24 ; and the ingredients of a

suitable rubbing surface aro eight parts of amorphous phosphorua

to nine of sulphide of antimony. There is no doubt, however,

that here too there is considerable diversify in the composition of

the mixturci*. Igniting compositions cniirely free from phosphorus

depend for their moderate degree of efficiency on the use of sach

agents as 'hlorate of potash, sulphide of antimony, bichromate of

potash, and red lead.

" Vestas " are matches in which short pieces of "wax taper " are

used in jilace of wooden splints. Tlie taper is prepared by drawing

a series of wicks or strands uf twenty to thirty Cue cotton th'.^ads

through molten stearin, with some proiwrtion of paradin. The wax
quickly hardens on the threads, agglutinating them to irregular

hard strands, which are smoothed ami romided to the n'quircd size

by being drawn tluough iron plates perfv rated with holes the size

of the required taper. The tapers are cut to the match lengths,

an<l set in dipping frames by special machines. ITie making of

vestas is an industry only second in extent to the wooden match

manufacture,—its headquarters being London, Manchester, Mar-

seilles, and the north of Italy. Fusees for the use of smokers

are made of .strips of thick porous paper saturated with salt-

petre and bichromate of potash, and tipped with ordinary

composition. They ore now almost entirely supplanted by vesuvi.-uis,

which consist of large oval heads on both ends of a round splint.

These heads, made by repeated dipping, consist of a porous mixture

of charcoal, saltpetre, cascarilla or other scented bark, glass, and

gum, and they also are tipped with common igniting composition.

Ordinary match boxes are made of thin veneei-s or skillets of

wood the same as used in splint making. The blocks used yield

skillets tl'.e exact size of the box or cover to be made, and the

machine which shaves skillets off the block also scores them along

the lines by which they nmst be bent to form the box. The fold-

ing, covering with pajief-, and labelling are operations performed by

young gills with remarkable r,ipidity. In dealing with doubfe

splints, the matches ai'e at the boxing stage cut asunder in small

bundles with a lever knife by the box tillei', who acquires such

delicacy of perception that at each operation she seizes and

divides the exact quantity required to fiH tivo boxes. A good hand

will in this way fill 35 to 40 gross of bo.ics per day.

Tt is calculated that in the prmcipal European countries from

^i.v 10 ten matches are used for each inhabitant daily. There is

no way by which an exact estimate of the extent of the trade

in the United ICingdom can be obtained ; but competent author-

ities believe the yearly value of the matches made to be not less

than £1,500,000, and tliat the makers turn out about 300,000,000

matches daily. Of all the m.ikers Messrs Bryant & May are by

far the most extensive ; and next comes the Bell & Black com-

pany, formed of a combination of makers in London, Glasgow,

JIanchester, and York. In, France the right to manufacture

matches is a Govenuncnt monopoly farm?d to the Comjxxffni^

(/enfra^arfesnliu-iji Yes c/u»ii?i(fis for an annual payment of 16,000,000

francs, with 6 centimes extra per hundred matches in excess of forty

milliards sold j'early. The company has concentVated the whole of

the manufacture into twelve establishments, the largest of which

are at Mai'seilles. The effect of the monopoly in France is that

matches are very costly, and the average consumption per head

throughout the country is considerably less than in other countries.

Sweden is the country which m recent j-ears has been mott inti-

mately identified with the growth of the indusb-y. In that ccantiy,

including with it Norway, there were in 1880 forty-three match

factories, many of them large, that of Jonkoping being among the

most extensive in the world, TUs 'quantity of matches exported

that year was about 19,000,000 l^ (12,900,000 skal-punds), prob-

ably representing 50,000,000,000 matches. The yearly exports

have increased four-fold since 1870, and are stUl rapidly extending.

In Germany there are two hundred and twelve factories, which are

estimated to make yearly about 60,000,000,000 matches ; and

Austria-Hungary—the original seat and centre of the manufacture

—

possesses one hundred and fifty establishments, whence large quan-

tities of matches are exported to Eussia, Turkey, Asia Minor, and

the neighbouring states of Italy. Throughout Europe about 1200

tons of phosphorus are annually consumed in the mannfactuie of

matches, the gi-eater proportion being produced in England.

In the United States a tax of 1 cent per box containing one

hundred is levied on matches manufactured in the country, in addi-

tion to which there is a.n eid valorem duty of 35 per cent, on all

matches importei The internal revenue tax of a cent per box ia

subject to a reduction of 10 per cent, to manufacturers, with sn

additional discount of 5 per cent, on the purchase of tho starai»

used for the boxes when quantities exceeding in value $50 are pur-

chased at one time. The result of these fiscal arrangements has

been to favour large monopolizing companies. Although there are

nearly thirty manufactories in the States at present, practically the

match trade of the country is in the hands of, or entirely controlled

by, the Diamond JIatch Company of New York, consisting of »

combination of large manufacturers. During the year 1881 the

revenue derived from the internal tax amounted to 33,272,258,

while the customs duty on imported matches yielded no more than

$5186, these receipts representing probably a '
co^sumption of

40,000,000,000 matcke* (J. PA.1
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MATE, orTARACUAY Tea, fonsistaof the dried leaves of

Jlex jMraritiayeiisIf, St Hil.,' nn evergreen sljiub or small

tree belonging to the snme natural order as tlie common

holly, a plant to which it bears some resemblance in size

and habit. The leaves are from G to 8 inches long, shortly-

stalked, oblong wedge-shaped, rounded at the upper end,

and finely tootUed at the margin. The small white flowers

Mali (//ex paraguayensis).

Portion ol pjdot, half natural size. Flower ilrupe and nuts, twice nnturfll sire.

Pturt uf underaJUe of leaf showing minute glands, natural size.

grow in forked clusters in the axils of the leaves ; the sepals,

petals, and stamens are four in number; and the berry is

4-8eeded. The plant grows abundantly in Paraguay,

Corrientes, Chaco, and the south of Brazil, forming wood.<?

called t/erbaleg. One of the principal centres of the mat^

industry is the Villa Real, a small town above Asuncion on

the Paraguay river ; another is the Villa de San Xavier, in

the district loetween the rivers Uruguay and Parana.

Although mat(5 appears to have been used from time im-

memorial by the Indians, the Jesuits were the first to attempt

its cultivation. This was commenced at their branch

missions in Paraguay and the province of Rio Grande de San
Pedro, where some plantations still exist, and furnish the

best tea that is made. From this circumstance the names
Jesuits' tea, tea of the Jli.ssions. St Bartholomew's tea, &c.,

are sometimes applied to mate. Under cu*ltivation the

quality of the tea improves, but the plant remains a small

shrub with numerous stems, instead of forming, as in the

wild state, a tree with a rounded head. From cultivated

plants the leaves are gathered every two or three years,

that interval being necessary for restoration to vigorous

growth. The collection of mat6 is, however, chiefly effected

by Indians employed for that purpose by merchants, who
pay a money consideration to Government for the privilege.

Vlien a yerbal or mate wood is found, the Indians, who
usuolly travel in companies of about twenty five in number,
build wigwams and settle down to the work for about six

• Mr J. Mieis hai provetl that /. curilibrnsia, I. gignnttu-y I. ovali-

ffiliay I. ffuinbohltiana, and /. nigro/wnctatUy be.-*i<Ie.s sev«nU rarielM;!!

of tlie^ft spcficM, ore in gencml ii-re for iTPjinrin;^ mnti*.

months. Their fir«:t operation is to prepare an open space,

called a taUmia, about G feet square, in which the surface

of the soil is beaten hard and smooth with mallets. Jhe
leafy branches of the mat(^ are then cut down and placed

on the tataciia, where they undergo a preliminary roastin<;

from a fire kindled around it. An arch of poles, or of

hurdles, is then erected above it, on which the niatd is.

placed, a fire being lighted underneath. This part of the

process demands some care, since by it the leaves have to

be rendered brittle enough to be easily pulverized, and the

aroma has to be developed, the necessary amount of heat

being only learned by experience. After drying, the leaves

are reduced to coarse powder in mortars formed of pits in

the earth well rammed. Mate so prepared is called niu

f/a:u or }/erva do jmlos, and is chiefly used in Brazil. In

Paraguay and the province of Parana in the Argentine

Republic, the leaves are deprived of the midrib before

roasting ; this is called caa-mhi. A very superior qualitjr,

or cad-citys, is also prepared in Paraguay from the scarcely-

expanded buds. Jlore recently a different method of Sig-

ing mat6 has been adopted, the leaves being heated^i

large cast iron pans set in brick work, in the same way

that tea is dried in China : it is afterwards powdered ^y
machinery.

The different methoJs of preparatiou influcuce toacertsiii'exlont

tlie value of the proiUict, the mate prepared in Paraguay being <on-

siJered the best, tliat of Oran and Paranagiia veiy inferior. The
leaves when dried are packed tiglitly in serons or oblonRip.icl-.'igp.'S

made of raw hides, -which are thtii caiefiilly sewed up. TUeno sbriuk]

by exposure to the sun, and in a couple of days fdrui compact

parcels each containing about 200 ft of tea ; in this form it ki^ps

well. The tea is generally prepared for use in a small silver-niountfd

calabash, maile of the fruit of Crcuaitin Cfjctc (Cura) or of Cncm-lUa

lagcnaria (Caba9o), usually about the size of a large oraiig'', the

tapering end of the latter serving for a handle. In the top of the

calabash, or viati,- a circular hole about the size of a florin is m.T<lc,

and through this opening the tea is sucked by means of a bclni-

billa. This instrument consists of a small tube 6 or 7 inches long,

formed either of metal or a reed, which has at one end a bulb maile

either of extremely fine basket-woik or of metal iiciforated with

minute holes, so as to prevent the particles of the tea leaves from

being drawn up into the mouth. Some sugar and a little hot water

are first placed in tho gourd, the yerva is tlien added, and irually

the vessel is filled to the brim witli boiling water, or milk previously

heated by a spirit lamp. A little burnt sugar or lemon juice ii

sometimes added instead of milk. The beverage is then hanilcd

ronn.d to the company, each person being furnished with a bombill.1.

The' leaves will bear steeping about three tmies. The infusion, if

not drunk soon after it is maile, rapidly tin-ns black. Persons wU»
are fond of mate drink it before every meal, and consume about 1 ax.

of tlie leaves per day. In the neighbourhood of Parana it is pt-eparetl

and drunk like Chinese tea. Mate is generally considered disagi-pc-

able by those unaccustomed to it, havirg a somewhat bitter taste ;

moreover, it is the custom to drink it so hot as to be uni>lea.s;int.

But in the south-eastern republics it is a much-prized article of

luxurj-, and is the first thioRortered to visitors. 1 he (jmiclio of flic-

plains will travel on horseback for weeks asking no better faiv thnn

dried beef washed down with copious draughts of mate, and for it

he will forego any other luxury, such as sugar, rice, or biscuit.

Mate acts as a restorative after great fatigue in the same nianueras

tea. Since it docs not lose its flavour so quickly as tea by exposure

to the air and damp, it is more valuable to travellers.

Some writers attribute deleterious elTects to its use, while otlior»

praise it to an almost incredible degree. Its physiological actiojpi

does not appear to havo been carefully workcil out, but its extensive

use in countries where tea and coffee are known seems to iudicifte

that it may possess virtues peculiar to itself.

Its properties apjienr to be chiefly duo fo theine or caffeine.

Analysed by Dr H. Byasson, lOO grains neie found to yiehl

Grain*.

Caffeine l•^'iO

Glutlnoun substance or peculiar fatty matter nod colouring m;ilrer 3-870

Comni'-x cluco^ldc -J-iyj'*

Resin.....
'>-«•'«

InorffAnir R^ilts. incluiling nun - - 3-&'Jl>

Malic acid nut estimated.

' The word caa signified the plant in tfte native Indian lanenrt-v.

The Spaniards gave it a similar name, yirtcL. ' Jiati conut from tjp

language of the Incas, ami originally means a calaha.<:h. Th* J'ah^

Ruay tea was called at first yerva tin malt, and then, the aflaai betnff

drvipped, the name vutU c:mie to oi^nify ttie same thing.



628 i»I A T — M A T
According to analyses maJe by Alonzo Robbins it also contains

•about 1'5 ot a peculiar tannin which does not precipitate potassio-
tartrate of antimony, nor tan leather. The glutinous substance
«e»emble3 in consistence common birdlime, and is considered by
•ByBSSon to be a compound ether, the alcohol of which would be
alie«r cholesteiin. Since the bcgiuning ot the 17th century mate has
ifcen drunk by all classes in Paraguay, and it is now used through-
««Jt Bi-azil and the neighbouring countries. In 1855 the amount of
j«»t(S annually consumed in South America was estimated by Von
fi3>ni at 15,000,000 lb, and the consumption is now probably three
lar four times as great; in Brazil it brings in a revenue of about
.j£410,000. In the Argentine Republic alone the consumption is not
"<ess than 27,000,000 tt> per annum, or about 13 tb per head, while
"the proportion of tea and coll'ee consumed is only about 2 lt> of the
-farmer and } lb of the latter per head. The export of mate from
-Brazil to foreign countries has also increased from 2,720,475 kiltfs in
;iS40 to 5,206,485 kilos in 1850, 6,808,056 kilos in 1860, 9,507,086
"kilos in 1870, and 14,063,731 kilos in 1879-80.
[ Sec Scully, Bra!il, London, 18GC ; HansNeld, Brazil, ic, London, 1836 ; Pltar-

•MaciuHcal Journal (3), vol. vil. p. 4 ; (3), vol. vili. p. CIS, ICiT ; Christy, jVeuj
Si)mnui-cial Plants, Ko. 3, London, 18S0 ; Kulhall, Progress of the It'orW, 1880,

Ji. 483 ; Zcitschrifl OeslerrelchUclier Apothekermrein, 1882, pp. 2V3, 285, rC).

- MATERA, a city of Italy in tho nortb-east of the province

•of Potcnza, 48 miles from Potenza, on the high road to Bari.

JPart of it is built on a level plateau and part in deep valleys

ra4joiaing, the tops of the campaniles of the lower portions

Jbeing on a level with the streets of the upper. The prin-

«ipal building is the co-cathedral of the archbishopric of

.Acerenza and Matera, formed in 1203 by the union of

4lic two bishoprics, dating respectively from 300 and 398.

In 1871 the population of the commune was 14,312 (that

pof the city 14,262), in 1881 15,700.

Under the Nonnans Matera, the ancient Mateola, was a count-
'»hip for William Bras do Fer and his successors. It was the chief
liown ot the Basilicata from 1664 till 1811, when the French trans-
Jerred the administration to Potenza.

MATHEMATICAL DRAWING AND MODELLING.
'The necessity for geometrical drawings and models is as

•old as geometry itself. The figure has formed the basis of

anany a geometrical truth; and demonstration by mere
;inspection of this has frequently to do service for more
iHgorous proof. So necessary is this visual representation

nj)f an idea that there is hardly a branch of mathematics
larLich does not make use of it in the form of tables,

:^mbols, formulae, &c. The visual method is especially

^important in geometry. The figure is to the geotneter what
ttibe numerical example is to the algebraist—on the one hand
Limiting the horizon, on the other imparting life to the con-

•lEeption. Herein lies the didactic value of the figure, which

3s the more indispensable the more elementary the Btage

•of instruction. To be able to dispense with it is a faculty

FBcquired only after a long and special training. The power
uof mental picturing is a talent which can be so strengthened

?by use that even a slightly gifted mind may acquire the

power of carrying out a series of geometrical operations

•without the aid of a figure, provided these do not lead

?iiito unfamiliar regions. But each new group of ideas

'^whicb the geometer would master requires a new graphic

laetting forth, which not even the experienced can dispense

-i^ith. Drawings are sufiicient in plane geometry; but

U90lid geometry requires models, except in specially simple

«ases, in which delineation by means of perspective or some
•conventional method may suffice.. Then, again, in passing

jbom the geometry of the plane, straight line, and point in

s^ace to that of curved surfaces, tortuous curves, &c., new
•and distinct graphical methods are necessary. The difficul-

-tisa encountered in understanding new groups bf geometrical

JEorms are best removed by a careful study of a small

^oimber of characteristic models and drawings. As a

BBeans of education, the model is lively and suggestive,

^Sorming in this way a completing factor in the course of

jinstmctioa We remember the pleasure experienced when,

ufter a discussion which has yielded a series of hardly

rceconcilable properties of one and the same geometrical

•^trnre. • model is exhibited which combiaed these pro-

perties in itself; or the striking manner in which a
deforraable model either of pasteboard or thread execntps
its transformations before the eye of the observer ar;d

scientific student. The study of the model raises new and
unexpected questions, and can even do valuable service {q

leading to new truths.

In the more elementary departments of plane and sol'd

geometry and descriptive geometry, models are abundait
and easily obtainable; but there are comparatively f<!W

collections of drawings and models for instruction \n

higher geometry. There are numerous drawings /f

algebraic and transcendental curves in the well-knonn
treatises on analytical geometry of Cramer, Euler, Salmon,
in Frost's Curve Tracinij, &c. ; but there is still a deficiency

in systematic enumerations of the forms of curves and
surfaces of a given order or class. In this connexion we
may mention VVacktv'a System der analytischen Gcomelrti

(curves of the third order), and Beer's Etmmeratio lineai-ur,\

IV. ordinis. A graphical representation of all the

characteristics of the singular points of an algebraic curve

of tho fourth order is given in Zeutheii's Systemer af plane

Kitrver (1873). As regards tridimensional figuring, the

oldest known models for instruction in the higher geometry
are the thread models of skew surfaces constructed about

the year 1800 under the direction of G. Monge for the

Ecole Polytechnique in Paris. In 1830 Th. Olivier of

Paris got the same executed in movable form. The greaf

development in modern times of certain branches especially

of the higher geometry has given a new importance to such

methods of graphical representation,

Amongst the larger collections we must mention the

elegant series of complex surfaces, consisting of twenty-

seven items, constructed by the celebrated J. Pliicker of

Bonn. After Pliicker's death copies, not very satisfactory,

were made from zinc casts. The collection of plaster and
thr.ead models published by Muret of Paris (now Delagrave),

and intended for instruction in descriptive geometry, con-

tains many architectural forms. The wire models of tortuous

curves by Professor Wiener of Carlsruhe, and the thread-

models of developable surfaces by Professor Bjorling of

Lund, merit notice amongst others. Perhaps the largest

and most extensive of the collections is that of L. Brill,

bookseller in Darmstadt. Thes6 represent every depart-

ment of the higher and applied mathematics^ The cata-

logue embraces some Seventy numbers, with over a hundred

plaster, thread, and metal models. Several series of this

collection were prepared in the mathematical department

of the technical college of Munich. In the preparation of

these models, involving the development of a comparatively

novel art, certain practical lessons were gained, especially

in the working of plaster models, to which we may direct

attention.

We assume that the preliminary designs are prepared with tho

aid of board, ruler, square, compasses, and such well-known instru-

ments as are used by the draughtsnran.

The material to be employed, whether wire or thread,' interlaced

pasteboard strips, or plaster, depends upon the special circumstancwj

of each case, and upon the purpose aimed at in the construction of

the model. 'Two bundles of parallel disks of cardboard or metal-

sheeting, inclined at an adjustable angle, may be used with advan-

tage in representing a series of different but mutually transfonnab/e

surfaces. For ruled and developable surfaces the thread model is

to be recommended. The .surface is enclosed in a cube, or more
generally in a region of space bounded by plane walls. Upon thesa

bounding walls are marked the series of points in which they are

cut by the geherative lines that are to be represented by threads.

Through these points the threads are dra^^Ti, and parts of the sup-

porting walls are^then cut away so as to allow a convenient glance

into the interior of the region. The more densely the threads are

strung, the liker is the appearance to that of a continuous surfaca

In the majority of cases plasterwill be found the most convenien*.

substance, being easily worked, and giving a result convenient and

clear to the eye. There is the disadvantage, however, that one af

Jia regions nf space boosded by a surface is Slled up. Should the
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tounJariosortlie suiTace be "plnne orcapuble of being turned on the

latlio, the desired form is best approximated to by working wood or

plaster blocks. Plaster is uot easily worked on the hitlie, but a

plane surface is j-eadily got by nibbing, and if not too dry it may be

cut with the knife.

A surface which cannot be conveniently appro.ximated to by the

shove method may be built up of strips cut to pattern, which are

then filled in with some plastic material. To accomplish this, a

system of sections either parallel or bavin;; a single axis is laid

tlirougU the region to be filled up ; the bounding lines of these sec-

tions are calculated or obtained by geometrical construction. Strips

of plato zinc are then cut to the required form and fixed securely by
^ross-pieces or soldered if necessary. Ketwcen the intcistices of this

line scaffolding some plastic material is filled in, such as embossing

wax or damp clay ; and thus the form of the surface is rendered.

The substance known in trade as plastiliii is especially suitable for

use in this way, as it retains its plastic property a long time.

The finisliing touches are given to tho surface by means of a

sculptor's style. From the clay model a plaster cast is formed and
well dried ; and its imperfections are removed by means of plaster-

files and other instruments familiar to those who work in plaster.

Lines which are to be shown on the model are drawn through points

already marked on the original clay model, anil engraved with fine

files. A galvanoplastic copy of such a piaster model, not too deeply

deposited, shows the surface even better than the plaster itself.

TiIATHE.MATICS. Any conception which is definitely

and completely determined by means of a finite number
of specifications, say by assigning a finite number of

elements, is a mathematical conception. Mathematics has

for its function to develop the consequences involved in

the definition of a group of mathematical conceptions.

Interdependence and mutuai logical consistency among the

members of the group are postulated, otherwise the group
would either have to be treated as several distinct groups,

or would lie beyond the sphere of mathematics.

As an example of a mathematical conception we may take

"a triangle"; regarded without reference to its position in

spaco, this is determined when three elements are specified,

8ny its three sides ; or we may take a " colour sensation,"

which, on Young's theory, is determined when the amounts
of the three fundamental colour sensations that enter into

it are stated. As an example of "a non-mathematical con-

ception we may take "a man," "a mineral," "iron," no
one of which admits of being so determined by a finite

uumber of specifications that all its properties can be truly

said to be deduciblo from the definition.

A mathematical conception is, from its very nature,

abstract; indeed its abstractness is usually of a higher order

than the abstractness of the logician. Thus, for instance,

we may neglect the other attributes of a body and consider

merely its form ; we thus reach the abstract idea of " form."

But tlio form of an irregular fragment of stone does not

admit of being finitely specified, and is therefore not

susceptible of mathematical treatment. If, however, we
bavo a carefully squared cubical block of granite to deal

with, for most practical purposes its form is specified by
stating that it is a cube, and assigning one element, viz.,

en edge of tho abstract mathematical cube by which we
replace it. This example illustrates at once tho limits of

mathematical reasoning and the nature of the bearing of

mathematics on practice.

A variety of words have been used to denote tho

dependence of a mathematical conception upon its elements.

It. is frequently said, for instance, that the conception is a
" function ". of its elements. One word has recently come
into use which is very convenient, inasmuch as it draws
attention at once to tho fundamental idea involved in

mathematical conception and to tho prime object of
mathematical contemplation, viz., " nianifoldness."

Number is involved in the notion of a nianifoldness both
directly, as any one can see, and also indirectly in a manner
which the mind untrained to mathematical thinking duos
not 8-,i readily understand. Take on the one hand the case

of a triangle considered without reference to its position

but merely as composed of -tliree Fimited straight lines, it
may be completely determined in various ways by assigning.-

three elements. A triangle may therefore be called a triple:

discrete manifoldness.'. A plane quadrilateral cdhsidered;
in the same way (being fully determined when four sides-^

and a diagonal are known) is a quintuple discrete manifolet
ness ; and a plane polygon of n sides a (2h - 3)-ple discrett.

manifoldness. Consider on the other hand the assemblage-
of points on a given straight line, they are infinite in-.

number yet so related that any one of them is singled ont
by assigning its distance front an arbitrarily chosen fixed'.-

point on the line. Such an assemblage is called a onefokL'
continuous manifoldness, or simply a onefold manifoldness

-

another example of the same kind is the totality oT
instants in a period of_ time. The assemblage of points
on a surface is a twofolcl manifoldness; the assemblage of
points in tridimensional space is a threefold manifoldness;.
the values of a continous function of h arguments an »i-foIdt

manifoldness.

It should be observed that the distinction betweeE.
discrete and continuous manifoldness is not of necessit3r

inherent in the conception. For one purpose we may treat
a conception as a discrete manifoldness, for another as at.

continuous manifoldnessv Thus we have seen that aa.
unlimited straight line may be treated as a onefold con-
tinuous manifoldness ; but, if we regard it as a whole, and-
with reference to the fact that its position in space is-

determined by four data, it becomes a quadruple discrete-

manifoldness.

The primary, although not the only, operation in the-
treatment of a discrete manifoldness is numbering or
counting ; hence arises the pure mathematical science of
number, comprehending (abstract) Arithmetic and its
higher branch commonly called the Tlieory of Numbers.
Without entering into a discussion of thp definitions and.
axioms of the science of number, it will be sufficient here-

to remark that all numerical operations are reducible tc

three fandamental laws commonly called the commutative,
associative, and distributive laws. The four fundamental
processes, or four species, as they are sometimes called, two>

of which, addition and multiplication, are direct, and two,.

subtraction and division, inverse, are solely defined by
and derive their meaning from the three laws of operatioit

just mentioned.

A careful consideration of the methods in vogue for-

dealing with continuous manifoldness shows that they
reduce themselves to two, which may be called the synoptic-

method and the analytic method. In the synoptic method
we deduce the properties of a manifoldness by contemplat-

ing it as a whole, aiding our understanding, when it is

necessary to do so, by a diagram, a model, or any other

concrete device more or less refined according to circum-

stances. In the analytic method we fix our attention upoti

tho individual elements of tho manifoldness, usually

defining each element by a definite number of specifications

the variation of which leads us from element to element of
the given manifoldness. We examine the properties of am
element in the most general manner, and from them we.

predicate the properties of the manifoldness as a whole.

The best and most familiar examples of the synoptic

treatment of manifoldness are the different varieties of pure
geometry. Among these wo may mention the apagogic

geometry of tho Greeks, which starts with a collection of

definitions and axioms, enunciates and proves proposition

after proposition with great attention to strict logical form,

and wiih continual reference to the grounds of infercncB,

but pays little attention to the ordering of theorems with

a view to mutual illustration, and carefully suppresses all

traces of the method by which the propositions were or

might have been discovered. It is true that, the Greek-
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were in possession of a method, called by tliem analysis,

which had for its object the discovery of geometrical truth.

Bat this consisted merely in taking any proposition suspected

to be trae and tracing its consequences until one was
reached which either contradicted a Itnown proposition or

elae was true and capable of leading by a direct process

Df reasoning (synthesis) to the proposition in question.

la this wo have no trace of the systematic development of

geometric truth, and the method was apparently regarded

by the ancients themselves as imperfect, for it makes no

figure in such of their systematic treatises as have reached

U3. In somewhat sharp contrast with the Grecian geometry,

hut still essentially synoptic in method, stand the different

varieties of modern geometry,—which aims at greater

gBTlerality in its definitions, pars less explicit attention

to' logical form, but arranges geometrical propositions as

much as possible in the natural order of development or dis-

covery, and above all makes extensive use of the principle of

continuity. As examples of the modern geometry may be

cited the descriptive geometry (Geometrie Descriptive,

Larstellende Geometrie) of Monge ; the projective geometry
{Geometrie Projective, Geometrie der Lage) of Poncelet,

Steiner, and Von Staudt ; and the geometry of transforma-

tion in general, of which projective geometry is but a parti-

cular case. There is one other highly interesting form of

modem geometry, which, although analytic in some of its

developments, and often exhibited in close alliance with

other analytical methods, is nevertheless synoptic as to its

fundamental principle, viz., arithmic geometry (AbzaJdende

Geometrie) or theory of characteristics, which originated in

the characteristic equations of Pliicker, and was developed

into a powerful special method by Chasles and others.

Sec Geometky and Cukve.
Geometry, however, is not the only field for the synoptic

treatment of manifoldness. This is obvious if we reflect

that any magnitude whatever may be represented by a line

;

90 that any function of not more than two elements may
be represented by a geometrical construction and treated

by any method applicable in geometry. Since the famous

dissertation of Riemann, On the Hypotheses that form the

Basis of Geometry, mathematicians "^pve been familiar with

the fact that the methods of geometry suitably generalized

can be applied to the treatment of an re-fold manifoldness;

and in point of fact the synoptic treatment of manifoldness

under the nameof n-dimensional geometry has been usefully

employed b}' Cayley and others as an adjunct to the analytic

method.

The fundamental characteristic of the analytical treatment

of an ji-fold manifoldness is the specification of an element

by means of n continuously varying quantities or variables

(see Measueement). For dealing with continuous as

distinguished from discrete quantity we have the special

analytical method of the Infinitesimai, Calculus (q.v.),

built upon the notion of a limit, with its various branches,

viz., the differential calculus, the integral calculus includ-

ing differential equations, the calculus of fanctions, and
the theory of functions in general (see Function). But,

whether we make use of the algorithm of the infinitesimal

calculus or not, we find upon examination that all ana-

lytical operations with continuous quantity fall under the

three laws of commutation, association, and distribution,

80 that they are fundamentally identical with the opera-

tions with discrete quantity ; the difference so far as Uiere

is any consists simply in the greater generality of the

operand. The same fact maj' be looked at instructively

in another light. Whether we consider analytical processes

in cr^ncrete applications or look at them abstractly, we are

equally led to the notion of a unit, by the multiplication or

pnbdivision of which all the other quantities that enter into

cur calculus are derived. The exigencies of continuity are

met by allowing taat the multiplication or subdivision o{

the unit can be carried on to an unlimited extent ; but in

any case where analytical formulne have to be reduced to

arithmetical calculation (in which of course only a finite

number of figures or arithmetical symbols can be used) the

subdivision (or multiplication) of the unit actually stops

short at a certain point ; in other words, all our methods are,

in practice at least, discrete. Here therefore we have the

meeting point of discrete and continuous quantity, and on
this ground alone we might infer the fundamental identity

of their laws of operation.

The abstract science of quantity which we have just seen

to be the essential part of the analytic treatment of

manifoldness receives the name of Algebka {q.v.). It was
found very early in the history of that science that the

full development of which it is capable could not hf

attained without great extension of the idea of quantity.

This necessity first arose in connexion with the inversb

operations, such as subtraction, the extraction of roots, and
the numerical solution of algebraical equations (see Equa-
tion), of which root extraction is merely a particular case.

In this way arose essentially negative quantities, and the

so-called impossible or imaginary quantities. The former

may be said to depend on a new abstract unit - 1, and the

latter upon new units ± sT^. The numbers having ± 1

for abstract unit are usually classed as real numbers, and in

that case we may regard the ordinary imaginaries of algebra

as depending on the new unit -t- V- 1, or i, defined by
the equation t- -i- 1 = 0. But the extension was soon carried

farther by the classical researches of Hamilton and
Grassmann.i The theory of sets and the Quateenions
{q.v.) of the former and the Ausd^hnungslehre of the latter

opened up a boundless field for algebra, and led to a total

revolution in our ideas of quantity.

In view of the great e.xtension thus effected in the

meaning of quantity, it becomes an interesting if somewhat
difficult undertaking to define the word. The following

maybe taken as a provisional definition;

—

Quantity is that

which is operated loith according to fixed mutually consistent

laws. Both operator and operand must derive their mean-

ing from the laws of operation. In the case of ordinary

algebra these are the three laws already indicated, in the

algebra of quaternions the same save the law of commuta-

tion for multiplication and division, and so on. It may be

questioned whether this definition is sufiBcient, and it may
be objected that it is vague ; but the reader will do well

to reflect that any definition must include the linear

algebras of Peirce, the algebras of logic, and others that

may be easily imagined, although they have not yet been

developed. This general definition of quantity enables

us to see how operators may be treated as quantities, and

thus to understand the rationale of the so-called symbolical

methods. In combining operations, it is often observed

that the combinations of operators fall under a few simple

laws, in some cases in fact under the three laws of ordinary

algebra ; these operators are therefore quantities according

to the general definition, and can be treated as such.

From the historical development of the analytic method

there is little danger of the error arising that its appiication

is peculiar to any special kind of manifoldness. As

examples of its use in d,edncing the properties of tridimen-

sional space W6 may cite the Cartesian geometry, the

Geometrie de Position of Camot, and the line geometry of

Pliicker (see Geometry). Its nse in the various branches

of applied mathematics, of which geometry is merely one

of the simplest, is far more common than tha* of the

' In this counexion should be mentioned the great service.'? o. Da
Morgan, whose bold speculations on the fundamental principles of

matJiematical science have perhaps met with less than their due share

of appreciatioa. ^
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synoptic method, although most branches of applied mathe-

matics are mixtures using the one or the other, as happens

to be convenient. In addition to those already mentioned,

we may enumerate the following as among the more im-

portant departments of applied mathematics:— Kine-

matics; Abstract Dynamics, including Statics and Kinetics

frbether of a Particle, of a Rigid Solid, of an Elastic Solid,

lif a Fluid, or of a Chain ; Statistical Mathematics, as

«xemplified in the Theory of Annuities, and the Kinetic

ffheory of Gases ; the Mathematical Theory of Diffusion

ifhether of Heat or of flatter ; the Theory of Potential

;

And so on. See Mechanics, Hydromecuanics. Annui-
ViEs, Heat, Electktcity, Magnetism, &c.

The two great methods employed in the investigation of

ananifoldness must of course be, at bottom, identical

;

and every conclusion arrived at by the one must be reach-

able by the other. The exact nature of the connexion

between them will be well seen by studying two instances.

One of these is the treatment of areas by Euclid and the

treatment by the analytical method, which are carefully

«x>mpared in the article Geometry, vol. x. p. 379. The
other is the connexion between the descriptive and the

metrical properties of loci. The former include all pro-

perties such as intersection, tangency, ikc, depending on

position merely, and are obviously the natural product of

the synoptic method. The latter include all relations

involving the lengths of lines and the magnitudes of angles,

they depend therefore on expression in terms of a unit, and
are the natural product of the analytic method. Never-

theless the analytic method furnishes descriptive properties

of loci, and by the introduction of "the absolute" descriptive

theorems are made to furnish metrical relations, as has

been fully shown by Cayley, Clifford, and Klein (see

>Leasueement). (g. oh.)

MATHER, Cotton (1663-1728), was the most learned

and widely known of a family which through four genera-

tions enjoyed singular consideration, and exercised com-
manding influence upon New England in its first century.

Richard, son of Thomas Mather of Lowton (Winwick),

Lancashire, England, after studying for a time at Brasenose,

Oxford, and teaching and subsequently preaching at

Toxtetii Park, went to New England, for nonconformity's

sake, in the summer of 1635, where, till his death in

1669, at seventy-three, he was pastor of the Congregational

ckarcli in Dorchester (now a part of Boston),—acquiring

large repute, writing three or four instructive and construc-

tive treatises upon polity, and being much trusted as to

the foundations of both church and state. His youngest
son Increase took his first degree at Harvard College in

1656, at seventeen,—returning, after a visit to the old

country, in which ho served several pulpits, to take at

twenty-five the pastorate of the second (or North) church
in Boston, which place ho hold till his death in 1723 at

eighty-five, while, in addition, he had been acting, or actual,

president of the college most of the time from 1681 to

1701, the author of one hundred and sixty books or tracts.

Mid for four of its most perilous years the choice of all its

dldzons to represent the Massachusetts colony before the
English Government. His wife Maria was daughter of
the famous John Cotton, and their first-bora received both
family names, and when ho took his B.A. degree at less
than sixteen, at Harvard, in 1678, his promise tempted
President Oakes to say in his presence, referring to his two
(Bstinguished grandfathers :

" Cottonus atque Matherus
tarn re quara nomine coalescant et roviviscant." After a
short time spent as tutor, and a period of diligent toil end-
ing in the conquest of an impediment of speech which
Endangered success in the family profession, he became
assistant to his father, in two years being ordained co-

pastor, and holding the pulpit for nearly three and forty

years, till Lis death at sixty-five. As a private Christian

from his frank diaries, it is clear that he laboured mncl
with himself, in a single year devoting more than sixtj

days to fasting and twenty nights to vigil. As a preacher he
was conscientious and successful,—always diligently study'

ing his discourses, in one year delivering more than seventy

public sermons, with nearly half as many in private houses,

sometimes thus "pressing a glorious Christ" through
eleven successive days, and, with six competitors by hia

side, maintaining to the last his hold upon the largest

congregation in New England, having about four hundred
gifted communicants. As a pastor he was exceptionally

laborious,—systematically exhorting and praying mth his

people at their homes, making conscience of spiritualizing

every casual interview, and now and then spending days
upon his knees with the names of bis flock before him tt.

prompt his intercessions for them, and for himself that ho
might better reach their peculiar need. As a phiiao)

tbropist, while abundant in personal benefactions, he origin*

ated more than twenty societies for public charity, bora
the cost of a school for Christianizing the negroes, and, at
the risk of life, in the face of popular opposition medically

led, advocated and vindicated the introduction of inocula-

tion as a protection against the then terrible ravages of

the small-pox. As an author he was learned—publishing in

French, Spanish, and Algonkin as well as English—and
voluminous, three hundred and eighty-two of his printed

works having been catalogued, several of which are elaborate

books, and one a folio of 800 pages; while liis BiUia
Americana, by him considered the great work of his life,

remains in six huge volumes of manuscript to this day.

As a scholar he was better known across the sea than any
other American of his time, once contemporaneously
corresponding with more than fifty learned Europeans, ia

his forty-seventh year being made doctor of divinity at

Glasgow, and receiving election as a Fellow of the Royal
Society—in those days eminent distinctions for a colonist.

With all this it must be confessed that he had some giavo

defects. His common sense was not uniformly equal to

his need. Always ambitious and self-opinioned, he was
occasionally irritable and conceited. He lacked good taste,

and it was his unconcealed grief that he was never elected

to preside over Harvard College. His enormous know-
ledge did not digest well, and his use of learning tended to

be crude. He was superstitious, and it wss his misfortune

that, as to witchcraft, he was not, as with vaccination, in

advance of bis generation, any more than such men as

Richard Baxter and Sir Matthew Hale. Of his works,

the llagnalia and Ratio Disciplinx are indispensable -tri

the student of New England history.

JIATHEW, Theobald (1790-1856), popularly known
as Father Mathew, the "Apostle of Temperance," was
descended from an illegitimate branch of the Llandafi

family, and was born at Thomastown, Tipperary,* on
October 10, 1790. Ho received his school education at

Kilkenny, whence he passed for a short time to JIaynooth
;

from 1808 to 1814 he studied at Dublin, where in the

latter year he was ordained to the priesthood. Having
entered the Capuchin order, he, after a brief time of service

at Kilkenny, joined the mission in Cork, which was the

scene of his religious and benevolent labours for many years.

The movement with which his name is most intimately

associated began in 1838 with the establishment of a total

abstinence association, which in less than nine months,

thanks to his moral influence and eloquence, enrolled no

fewer than 150,000 names. It rai)id]y spread to Limerick

and elsewhere, and sumo idea of its popularity may bo

formed from the fact that at Nenagli 20,000 persons are

said to have taken the pledge in one day, 100,000 at

Oalway in two days, and 70,000 in Dublin in five daya
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In 1844 he visited Liverpool, Mnncliester, and London
with almost equal success. Meanwhile the expenses of

his enterprise had involved him in heavy liabilities, and

led on one occasion to his arrest for debt ; from this

embarrassment he was only partially relieved by a pension

of £300 granted by the queen in 1847. In 1849 he paid

a visit to the United States, returning in 1851. He died

at Queenstown on December 8, 185G. See Father

Matliew, a Biography, by J. F. JIaguire, M.P. (1863).

MATHEWS, Charles (1776-1835), comedian, was born

in London, 28th June 1776. His father was what he called

"a serious bookseller," and also officiated as minister in one

of Lady Huntingdon's chapels. Mathews was educated

at Merchant Taylors' School. His love for the stage was
formed in his boyhood, partly from admiration of Elliston,

with whom he had taken part in private theatricals.

According to his own statement, it ripened into an "over-

powering, all-absorbing passion," unfitting him for business

when he became apprentice to his father, who at length, in

1794, unwillingly permitted him to enter on a theatrical

engagement in Dublin. For several years Mathews had
not only to content himself with the most thankless parts

at an almost nominal salary, but his figure, at this period

of life thin and ungainly, and the peculiar twist in his

countenance generally awakened the unconcealed ridicule

of the audience. In 1798 he obtained a conditional

engagement from Tate Wilkinson at York. In 1802
Mathews began to play in London at the Haymarket,

and from this time his professional career was an un-

interrupted triumph. His special excellence as an actor

consisted in his wonderful gift of mimicry, enabling him
to grasp the minutest and most individual features of

the character he represented. His sense of the purely

ludicrous in all its varied phases was perhaps unequalled,

and by his marvellous command of facial expression and of

different tones and accents of voice he could, when he so

willed, completely disguise his personality without even

the smallest change of dress. The versatility and origin-

ality of his powers were, in public, best seen in his "At
Homes," begun in the Lyceum Theatre in 1818, "which,"

according to Leigh Hunt, "for the richness and variety of

his humour, were as good as half a dozen plays distilled."

But it was in the social circle that he displayed the finest

and rarest traits of genius, while his simple and truly

kfnd-hearted disposition won him an affection and esteem

which mere genius could not have purchased. From his

infancy the health of Mathews had been uncertain, and the

toils of his profession gradually undermined it. He died

at Plymouth, of heart disease, 28th June 1835. See

Mfinoirs, by Mrs Mathews, 4 vols., 1838-39.

MATHEWS, Chakles James (1803-1878), comedian,

80n of the above, was born at Liverpool, 26th December
1803. After attending Merchant Taylors' School he was

articled as pupil to an architect, and he continued nominally

to follow this business till 1835. His first appearance on

the stage was made at the Adelphi, London. In 1838 he

married Madame Vestris, then lessee of the Olympic, but

neithi-- hig management of this theatre, nor subsequently

of Covent Garden, nor of the Lyceum, resulted in

pecuniary advantage. As an actor, however, he held

from the first an unrivalled place in his peculiar vein

of light eccentric comedy. The inimitable easy grace of

his manner, and the imperturbable solemnity with which
he perpetrated his absurdities, never failed to charm and
amuse ; his humour was never broad, but always measured
and restrained. His range of characters was exceptionally

narrow, and he was wholly incapable of representing any
form of strong passion. It was as the leading character

in such plays as the Game of Speculation, My Avfnl Dad,
Cool as a Cucumber, Fatter versus Clatter, and LiiUe

ToodleJcins, that he specially excelled. JIathews was one.

of the few English actors who have played in French
successfully—his appearance at Paris in 1863 in a French
version of Cool as a Cucumber, written by himself, being
received with the utihust approbation. After reaching

his sixt}'sixth year, Mathews set out on a tour round the
world, and on his return in 1872 he continued to prosecute

his professional duties without interruption till within a few
weeks of his death, on July 26, 1878. See Life of Charles

James Mathews, edited by Charles Dickens, 2 vols., 1819.
MATILDA, countess of Tuscany (1046-1114), popu-

larly known as the Great Countess, was born in 1046,
of a race of nobles of Lombard descent By the death

of her father Boniface the Rich, duke and marquis
of Tuscany, she was left, at eight years old, under the

guardianship of her mother, Beatrice of Lorraine, heiress

to a powerful state, including Tuscany, Liguria, part of

Lombardy, Modena, and Ferrara, Her life was a pro-

tracted struggle against the schism which rent the church,

under a series of antipopes, supported by a large section of

the clergy and people of Italy and Germany, as well as by
the whole strength of the empire. Against this formidable

combination she maintained the cause of the holy see, oftep.

single-handed, for years, with varying fortune but undaunted
resolution. The champion of several successive pontiffs,

she is best known as the ally of Gregory VII., and her

hereditary fief of Canossa was, in 1077, the scene of the

celebrated penance of Henry IV. in presence of this pope.

On the same occasion she made the donation, subsequently

renewed in 1102, of her possessions to the holy see, in right

of which the church owned the greater part of its temporal

dominions. Matilda was twice married, first to Godfrey

of Lorraine, surnamed the Humpbacked, son of her mother's

second husband, and secondly to Guelph of Bavaria,—both

marriages of policy, which counted for little in her life.

She died of gout in 1114, in her sixty-ninth year, and was

buried first at San Benedetto, and finally iu the Vatican.

Her steadfastness of purpose, strength of character, and

loftiness of aim, made her one of the most striking figures

even of the age which produced Robert Guiscard, William

the Conqueror, Pope Hiklebrand, and Godfrey of Bouillon,

her nephew by marriage. The contemporary record of her

life in rude Latin verse, by her chaplain Donnizone, is

preserved in the Vatican Library.

An Italian biography was published in Lucca by Francesco

Fiorentini in 1642 (new edition by Mansi, 1756), and one in French'

by Aniedee Renee, La Grande Itulicnnc, in 1859.

MATLOCK, a town of Derbyshire, England, is situated

on the river Derwent and on the Midland Railway, 149

miles north-west ot London and 17 north-west of Derby,

It possesses cotton, corn, and paper mills, and in the

vicinity there are lead-mines. About 1 \ miles south-east,

also on the Derwent, is JIatlock Bath, possessing hot

medicinal springs. There are in all three springs, the

first of which was discovered in 1692. Their mean tem-

perature is 68" Fahr., and applied both externally and

internally the water is efficacious in glandular affections,

rheumatism, biliary obstructions, and relaxation of the

muscular fibres. "The fine scenery of the vale of Matlock,

and its proximity to. the thickly peopled districts of

Lancashire and Yorkshire, cause the village to be much
frequented in summer not only by invalids but by holiday

visitors. There are several large stalactite caverns.

Matlock Bank, a mile to the north-east, in a finely

sheltered situation, contains several well-known hydropathic

establishments. The population of the urban sanitary

district of Matlock (4513 acres) in 1871 was 3834, and in

1881 it was 4396; that of Matlock Bath and Scarthin Nick

in the same years was 1386 and 1698. .These two districts

are conterminous with the civil parish of Matlock.
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MATSYS, QniNTiN." See Massv3.

MATTER, Properties of. If we knew thoroughly the

nature of any piece of matter, the deduction of its proper-

ties would bo a question of mere reasonmg, just as (for

instance) the definition of a circle really involves all the

properties which mathematical methods have deduced from
it. But, as we do not even know what matter is, in the

abstract, the converse operation is (at least for the present)

the natural and necessary one. We must endeavour from
the experimentally ascertained properties of matter to dis-

cover what it is. The reader will find the limits of our

present knowledge in the article Atom. The properties of

matter may be arranged in several classes, thus :

—

1. Properties of matter in itself ; such as Inertia, Hard-
ness, Brittleness, Elasticity (^'.w), Density, Compressibility,

Viscosity, iJsc. These depend upon its ultimate structure

and upon the law and intensity of the so-called molecular

forces. Sea Atom,.Constitution of Bodies, Attraction.
2. Relative properties of different kinds of matter,

chemical, catalytic, ice. See Capillary Action, Chem-
istry, Diffusion, ikc.

3. Properties relative to different forms of energy :

—

Conductivity (Thermal and Electric), Specific Gravity,

Specific and Latent Heat, Transparency, Colour, Specific

Inductive Capacity, Radiating and Absorbing Power, Mag-
netic Retentiveness, &c., Thermo-electric Position, Refrac-

tive Index, Reflective Power, Double Refraction, Rotatory

Polarization, (fee. These will be found mainly under the

heads Electricity, Heat, Light, Magnetism, (fee.

MATTEUCCI, Carlo (1811-1868), an Italian physicist,

was born at Forli, June 20, 1811. In 1832, after com-

pleting his studies at L'6cole Polytechnique, Paris, he

became professor of physics at Bologna, where he had passed

his earlier student days. In 1837 he removed to Ravenna,

and in 1840 settled as professor of physics at Pisa. From
1847 he took an active part in politics, and in 1860 was

chosen an Italian senator. At the same time he became

general telegraph director, and later the superintendent of

the meteorological bureaus. He died at Leghorn, June
25, 1868.
Ho ia the author of four scientific treatises :

—

Lezioni difisica (2

vols., Pisa, 1841 ; second edition \iZl), Lezioni xuifenomeni fisico-

<himici dcicorpi viventi (Pisa, 1844; second edition 1846), Manuale
di teUgrafia detlrica (Pisa, 1850; and several later editions), and
Ooura special s«r Viiuluction, h magnctisnu de rotalion, &c. (Paris,

ISsi). His numerous papers were published in tlie Annates de

Chimie et de Physique (1829-58) ; and most of them also appeared at

the time in the Italian scientitio journals. They relate almost en-

tirely to electrical phenomena, such as the magnetic rotation of

Mght, the action of gas batteries, the effects of torsion on magnetism,
the polarization of electrodes, &c., sufficiently complete accounts of

ivhich are given in Wiedemann's Oahanismus. Nino memoirs,
tntilled "Electro-Physiological Research'es," were published in the
miosophical Transactions, 1845-60. See Biancui's Carlo Mat-
tuccie r Italia del suo tempo (Uome, 1874).

MATTHEW (MaS^aros or Mar^aros, i.e., 'Pip, a short-

ened form of Mattaniah or Mattithiah, equivalent to

Tbeodorus; comp. vol. xi. p. 370), one of the twelve

apostles of Jesus Christ, and, according to tradition, the

author of the First Gospel. In its full Hebrew form
tlie name occurs several times in the Old Testament, being

borne by more than ono person of priestly or Levitical

famify. Matthew, in the Gospel which bears his name, is

described as having been a tax gatherer (t«\wit;9, JIatt. x.

3), and the circumstances of his call to become a follower

of Jesns, which he received as he sat at the "receipt of

custom " or " tax olTice " in ono of the towns by tho Sea of

( lalilee, are briefly related in chap. ix. 9. It has some-
times been doubted, but without any good reason, whether
the precisely parallel narrative relating to " Levi the son

of Alphseus" (Mark. ii. 14 ; Luke v. 27, 28) has reference

to the same person (compare the double names Simon and
Peter, Joses and Barnabas, and others). In the lists of

the names of the apostles given in the synoptical Gospels
and in the Acts, Matthew ranks third or fourth in Um
second group of four. Little is recorded of him except the
feast which he gave in his house at the beginning of his
dis(;ipleship ; tho way in which this is related seems to
indicate that he was (comparatively at least) a wealthy man.
He was also present in " the upper room " at Jerusalem
after the ascension, when Matthias was elected to be the
successor of Judas. Tradition has nothing trustworthy to
tell about his subsequent career, but there is nothing
inherently improbable in the allegation of Eusebius
(//. E., iii. 24) that he spent several years in Jerusalem
preaching to the Hebrews (and writing the Gospel which
bears his name), or <hat he afterwards extended his

missionary activities in other directions. Socrates {II. E.,

i. 19) speaks of him as having carried the gospel to

Ethiopia ; the earlier legends, however, embodied in the
apocryphal Acta Andress et Matthxi and Acta et Martyr-
ium Maithsei, unanimously point to the regions bordering
on the Black Sea (" Pontus" and the land of the Anthro-
pophagi) as having been the scene of his labours (see the

article of Lipsius on the " Apocryphal Acts of the

Apostles" in Smith's Diet, of Christ. Biog. ; also his

Apoh: Aposielgesch., 1883). According to the Gnostic
Heracleon, whose statement is quoted and apparently

homologated by Clement of Alexandria (Strom, iv. 9),

Matthew died a natural death. He is commemorated as

a martyr by the Greek Church on November 16, and by
the Roman on September 21, the scene of his martyrdom
being placed by the Breviary in "Ethiopia"; the same
authority affirms that his body was afterwards translated

to Salerno, where it now lies in the church built by
Robert Guiscard. In Christian art (following Jerome)

he is generally regarded as symbolized by the " man " in

Ezek. i. 10, Rev. iv. 7.

MATTHEW, Gospel of. See Gospels, vol. x. p. 789

sgq.

MATTHEW OF Paris, one of our most important writers

in connexion with English mediaeval history was born

about the year 1200, or possibly somewhat earlier." His

surname was probably derived either from his having been

born in Paris or having studied ia the university there

;

but his English origin is proved by the tone in which he

uniformly speaks of foreigners, especially the French, while

his knowledge of the French language is attested by the

fact of his having written in that language, and also by

the introduction of many French words in his Latin writ-

ings.

We have it on his own authority, as recorded in an

autograph marginal note (MS. Cott., Nero, D. 1, fol.

1656), that he assumed the monastic habit at the

abbey of St Alban's on the 21st of January 1217. In

1236 he accompanied the newly-elected prior of his

abbey, John of Hertford, to London, to attend the ceremony

of the nuptials of Henry III. and Eleanor of Provence ;

and in October 1247 ho was at Westminster, in order to

be present at tho celebration of the feast of St Edward the

Confessor, when he was desired by the king himself to

write an account of the proceedings. The most important

event in his tranquil and uneventful life (which was passed

chiefly within tho walls of his monastery) occurred in the

year 1248, when he was sent on a mission to the Benedic-

tine monastery of Holm (ThronJhjem), which had become

involved in difficulties owing to the maladministration of

one of its abbots. He returned to England after more than

a year's absence, and we can trace him as attending the

royal court at Winchester in July 1251, and as present at

York on the occasion of the marriage of Henr/s daughter

with Alexander II. of Scotland, some six months later.

In March 1257 Henry himself visited Bt Alban's. and
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remained at the monastery for a whole week. During

|

this time he not only admitted Matthew to his table and

to conversations in Lis private chamber, but also communi-

cated to him facts and details of an historical character

derived from his own personal knowledge and experience.

A.mong other information,- Matthec tells us that Henry
repeated to him from memory the titles of the English

baronies to the number of two hundred and fifty. The
last incident recorded by the historian himself with respect

to his own career is the fact that he exerted his influence

with Henry on behalf of the university of Oxford, when
that body found its privileges endangered by the encroach-

ments of the bishop of Lincoln. In his latter years,

Matthew's growing infirmities compelled him to have

recourse to the aid of a fellow-monk in order to complete

his works ; this assistance is to be traced in the Jlistoria

Anglorum. from 1252 to the end of the work (1253); in

the Abhreviafio Chronicorxtm or the years 1253, 1254,

and 1255 ; and in the Chronica Majora for the years 1258
and 1259. Matthew died after the month of Jlay 1259,

and his portrait, as he lay on his couch when dead, was
drawn by his fellow-monk.

fVorl-s.—Matthew Paris's chief work, the JTistoria Major,—often

Btyled the Chronica Majora,—is o narrative professing to record the
outlines of human history from the creation, and terminating with
the year 1259. It was long supposed that Roger of Wendover was
the author of a much larger proportion of the work than was really

the case ; hut the question may be regarded as finally set at rest

by the decisive investigations and conclusions of Dr Luard, as

stated at length in his preiaces to the volumes of his edition of

the work in the Rolls Series. He concludes that the Eisioria Major
down to the year 1189 was the work of John de Cella, abbot of St
Alban's from the year 1195 to 1214 ; that it was then continued by
Roger of Wendover on the same plan and from the same sources to

the year 1235, the whole work down to this date passing for a long

time as the production of the latter writer exclusively, and beiug
known as the Florcs Hisior^-i-um ; that it was then transcribed by
Matthew Paris, who, howftver, made numerous corrections and
additions, but, in the opinion of Professor Stubbs, "interpreted"

rather than "interpolated"; that it was then continued by the

same writer, and is, from 12S5 to the year 1259, exclusively his

work. In style, in vividness of narration, and in descriptive power
Matthew far excels hi" two predecessors. He is also entitled to the

praise of having been %. warm advocate of English rights and liber-

ties, and a sturdy oppohent alike of regal and papal tyranny ; in

fact, ihe national sentiment may be said first to receive adequate

expression in his pages. The work, moreover, is not only the best

source of information with respect to events in England during the

reign of Henry III. down to the commencement of the Barons'

Wars, but is also an authority with respect to Continental affairs,

especially those of France and the empire.
The Hisloria Anglorum of Matthew is mamly an abridgment of

liis larger work,—the chief feature of difference being the omission

of almost everything relating to foreign events. Sometimes, how-
ever, details and more particularly personal anecdotes are introduced,

with many minute faets and circumstances which would be sought
for in vain elsewhere, and largely iDustrate contemporary usages

and the general condition of society. Besides the above, Matthew
wrote anAbbrevialio Chronicorxim, extending from the year 1100 to

1255. Of this only one manuscript exists,—that in the author's

own handwriting, preserved in the Cottonian collection in the
British Museum, and printed in the third volume of the Historia
Anglorum, edited by Sir Francis Madden. Matthew also oompded
a Liber Additamentorum or SuppUmentorum, containing documents
illustrative of the Greater Chronicle. This is contained in the folio,

edition of Matthew's writings edited by Wats, and published in

1640.

The Vilee mginti irium. Abbatum S. Album, or lives of the

Abbott of St Alban's, does not bear Matthew's name, but is muiues-
tionably ths production of his pen. The biographies which belong
to the period preceding the Norman Conquest contain valuable and
interesting notices, but also include much of what is evidently
fabulous. The Vitse duoru.w, Offarum, or Lives of the tuo Offas,—
the one a mythical character, the other the historic monarch of

Ucrcia,—is a composition of little value, and some doubt attaches to

the authorship. Both tho foregoing, however, are included in the
edition by Wats.

Editions.—Thi) ocst edition of the Historia Major is that by Dr
Luard, published in live volumes in the Rolls Series, 1872-80. Of
the Bistor'.a Minor an edition in three volumes in the same series

was edited by Sir P'-deric Madden, 1S66-69. (J. B. M)

MATTHIAS (1557-1619;, holy Roman emperor, ta*
fourth son of the emperor Maximilian II., was born on th3
24th of February 1567. He was educated in Germany by
the diplomatist IJusbecq, while his brother, afterwards the
emperor Rudolph II , was trained at the court of Philip IL
of Spain. In 1577 Matthias went secretly to the Nether-
lands, tlie sovere'gnty of nhich he iiiilawfully assumed;
but in 1580 he was compelled to withdraw into private

life. He was vain, lestless, and ambitious, and intrigued

incessantly against the emperor Rudolph, a jnan of weak
character, with a constitutional tendency to insanity.

Rudolph jiassed wholly under liie dominion of the Jesuits,

and this rendered it easy for JIatthias to stir up his

Protestant subjects against him. In 1595 Matthias was
made regent in Austria, and in IGOG the archdukes recog-

nized him as head of the house of Hapsburg. Rudolph had
to relax hi» hold over one country after another, and io

1611 MaCthias was ruler of Hungary, Moravia, Silesia,

Lusatia, and even Bohemia,, whose loyalty the emperor
had tried to secure by many concessions, especially by the

letter of majesty granting religious freedom to Protestant

sects. In 1612, after the death of Rudolph, Matthias was
elected emperor ; and his reign was not less disturbed than

that of his predecessor. The intervention of Turkey in

Transylvania led to war, and in 1615 Matthias, being

unsupported by the empire and by his own estates, found

that he had no alternative but to conclude peace for twenty
years on humiliating terms. Protestants and Catholics,

bitterly hating each other, formed respectively the Union
and the League ; and the rising power of the archduke

Ferdinand, afterwards emperor, a bigoted prince who
became king of Bohemia in 1617 and king of Hungary in

1618, indicated that even more serious troubles wej-e

approaching than those with which Rudolph had contende>L

In the last two years of the reign of Matthias, the

Bohemians having rebelled, the first blows in the Thirty

Years' War were struck. He died on the 20th of March
1619.

MATTHUS CORVINUS (1443-1490), king of Han-
gary, was born at Klausenburg in Transylvania on March
27, 1443, and died at Vienna on April 6, 1490. He was
the younger son of John Hunyady (Corvinus) who died in

1456 after having been "governor of Hungary"from 1446
to 1453. On the death of John, the elder of his two son&

(Ladislaus) was executed by command of Ladislaus Post-

humus, while Matthias was imprisoned at Prague ; but

shortly after the king's own death without issue in 1457,

Matthias Hunyady (Corvinus) was elected by the Hungariao

magnates to the vacant throne (January 24, 1458). The
leading events of his reign are summarized in the article

HUNGAKY (vol. xii. p. 368, 369).

~)MATTING. Under this name are embraced many coarse

woven or plaited fibrous materials used for covering floors

or furniture, for hanging as screens, for wrapping up
heavy merchandise, and for other miscellaneous purposes.

In the United Kingdom, under the name of "coir" matting

a large amount of a coarse kind of carpet is made from

cocoa-nut fibre ; and the same material, as well as strips of

cane, }danila hemp, various grasses and rushes, is largely

employed in various forms for making door mats. Per-

forated and otherwise prepared india-rubber is also largely

utilized for door and floor mats, ilatting of various kinds

IS very extensively employed throughout India for floor

coverings, the bottoms of bedsteads, fans and fly -flaps, ic;
and a considerable export trade in such manufactures is

carried on. The materials used are numerous ; but the

priocipal substances are straw, the bulrushes Typhxi eUphan-

tina and T. angmtifolia, leaves of the date palm (PAaem/;

si/h'^ffris), of the dwarf palm iCkamsrops Bitchiana),

of the Palmyra palm (Borassus jialMiformis), of the coco&-
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nut palm (Cocos niiafera), and of the screw pine {Pajidanua

odoratissimus), the munja or muDJ grass {Saccharum Miinja)

and allied grasses, and the mat grasses Cyperus textilis

and C. Panijorei, from the last of which the well-known

Palghat mats of the Madras Presidency are made. Many

of these Indian grass mats are admirable examples of

elegant design, and the colours in which they are woven

are rich, harmenious, and effective in the highest degree.

Vast quantities of coarse matting used for packing furniture,

heavy and coarse goods, and plants, &c., are made in Russia

from the biist or inner bark of the lime tree. This industry-

centres in the great forest governments of Viatka, Nijni-

Novgorod, Kostroma, Kazan, Perm, and Simbirsk.

M.VrXOON', a city of the United States, in Coles

county, Illinois, 172 miles south-south-west of Chicago, on

the Central Illinois Railroad, which at that point intersects

the Indianapolis and St Louis and the Peoria, Decatur,

and Evansvillo Railroads. It had 5742 inhabitants in

1880, has railway carriage works and repair shops, and is

rising rapidly in commercial importance.

iLVTURlN, Charles Robeut (1782-1824), novelist

and dramatist, perplexed the serious and served as a butt

for the more light-minded criticc of the first quarter of the

19th century. The bombastic extravagance of his language,

the incoherence of his plots, the wild improbability of many
of his incidents, the inconsistency of his characters, were

obvious and undeniable ; but there were so many passages

of extraordinary eloquence in his novels, especially in his

descriptions of turbulent passion, that, though some pro-

nounced him evidently mad, all admitted that it was a

madness allied to genius. At first he published only

sermons in his own name, being curate of St Peter's,

Dublin. His first novels, The Fatal JHevenge (1804), The
Wild Irish Boy (1808), The Milesian Chief (1811), were
issued under the pseudonym of Dennis Jasper Murphy.
All these were mercilessly ridiculed by the press and
neglected by the public, but the irregular power displayed

in them attracted the notice of some social and literary

magnates; and through the influeilce of Byron and Scott

Maturin's tragedy of Bertram was produced at Drury Lane
in 1816, with a prologue by Ilobhouse, an epilogue by the
Hon. George Lamb, and with Kean and Miss Kelly in the
leading parts. The magnificent scenic situations, and the

character of Bertram (like one of Byron's sombre heroes),

make this an effective stage play. It was the first and
only success of the author ; he returned to " the baffled

efforts and the blighted hopes " of which Hobhouse speaks
in hj^ prologue. Two more tragedies, Manuel (1817) and
Fredolplu) (1819), were failures. A poem, The Universe

(1821), fell Hat. Three novels, Women (1818), Melmoth
(1820), and The Albijenses (1824), produced a considerable
impression. In the preface to Women ho admitted that
his previous novels had been justly condemned, being an
impossible attempt to revive the exploded stylo of Mrs
Radcliffe, and promised that he would enter on a new
vein. But he could not alter his character. The new
vein was as wild, fantastic, incoherent, interspersed with
passages of really splendid eloquence, as the old. The
Albigenses was to be the first of a series of historical

romances, illustrating periods of European history, and it

was noticed in the We- -ninster Review as giving, with all

its faults, promise of Letter thiugs; but the author died in
the year of its publication.

MAUBEUGE, a fortified place of northern France,
situated on both banks of the Sambre, 142 miles by rail

north-east from Paris, and about 2 miles from the Belgian
fr ratier. Its fortifications were planned by Vauban ; the
enceinte is pierced by two gateway.s, that of France and
that of Mons. Maubeugo, besides containing an arsenal
aod several old convents, is an industrial town, manufac-

turing swords, files, axles, tools, hardware, machinery,
porcelain tiles, and paper ; in the neighbourhood there are

numerous forges. 'The population in 1876 was 14,400.
Maubeuge owes its origia to a double monastery for men and

women founded in the 7th century by St Aldegonde. It was burnt
by the Normans, by Louis XI., by Francis 1., and by Henry II.,

and was finally assigned to France by the treaty of Nimeguen. It

was fortified by Vauban at the command of Louis XIV., who first

saw military service there, under Tureune. Besieged in 1793 by
the prince of Coburg, it was relieved by the victory of Wattignies.
It was unsuccessfully besieged by the duke of Saxe-Weimar in 1814,
but was compelled to capitulate, after a vigorous resistance, in the
following year.

MAULMAIN, or Moulmeix, a town in Amherst
district, British Burmah, situated on the left bank of the

Salwin river, in 16° 30' N. lat. and 97° 38' E. long. At
the time of the cession of this part of the province to the

British in 1826, Maulmain was a mere waste. It has now
developed into a thriving commercial town, ranking next

to Rangoon in importance, with a rapidly increasing

population and trade. The population, which in 1857
was 23,683, had increased in 1872 to 46,472, and in

1881 to 53,107 (32,895 males and 20,212 females). The
principal buildings are Salwin House, originally a private

residence, but now the property of the municipality, tho

hospital, the jail, Protestant and Roman Catholic churches,

tha custom-house, and othev public offices, and the barracks

for the garrison of Madras native infantry. For many
years timber formed the only export, but with ibe gradual

settlement of the country and increase in agriculture rice

and cotton began to be also exported ; besides these, the

other staple exports are hides, horns, lead, copper, yellow

orpiment, and stick-lac. The principal imports are cotton

twist and cloth, woollen piece-goods, wines and spirits,

sugar, and betel-nuts. In 1880-81 573 vessels (266,010
tons)entered the port, and 536 (265,147 tons) cleared. The
value of merchandise imported was £666,810, of treasure

£312,190, of merchandise exported £1,389,763, and of

treasure £92,817. Shipbuilding forms an important iiir

dustry of the town.

MAUNDY THURSDAY, the day preceding Good
Friday. The word " maundy " (Middle-English, maunder
or maunde, a command) is identical with the " mandatum ''

af the rubric and anthem of the Missal for the fifth day
in Holy Week, sometimes called " Dies Mandati " (see

this shown at length by Skeat in Etym. Diet., and in noti;

to Tiers Plowman, xvi. 1 40). The " mandatuna " oi

" maund " referred to is the " new commandment " of John
siii. 34, but more particularly the precept given to the

disciples in the same chapter " to wash one another's feet"

The practice by prelates and others of literally and form \lly

carrying out this injunction in a public manner on a g'ven

day has long been established both in the East and in tnc

West. Perhaps an indication of it may be discerned as

early as the 4th century in a custom, current in Spain,

northern Italy, and elsewhere, of washing the feet of the

catechumens towards the end of Lent before their baptism
\

it was not, however, universal, and in the 4>^th canon of

the synod of Elvira (306 a.d.) it i? expressly prohibited

(comp. Cor)). Jur. Can., c. 104, caus. i. qu. 1). Be
this as it may, the " pedilavium," or ceremony of wash-,

ing the feet of twelve beggars on this day, has now fo»

centuries been observed by the prelates of the Church ol

Rome, including the pope himself, according to a ritual

minutely prescribed in the Missal ; it is also practised

by the Austrian emperor, the king of Bavaria, and other

European sovereigns in the Latin obedience, as well a.< by
the emperor of Russia and others at the head of the Greek
Church. In England it was continued by the sovereign

even after the Reformation ; the last recorded instance of

its full purforuuinco is in the case of Juoies II., but a dis-

tributiou.of roval aims, consiatiug of money and clothing
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is still continued. It is on Maundy Thursday also tkat in

the Chuicb of Home tho sacred oil is blessed, aud the chrism

prepared, according to an elaborate ritual which is given

in the Ponlificale.

MAUPERTUIS, Petek Loms Moeeau de (1698-1 759),

1 mathematician and astronomer of considerable reputation

in his day, was bom at St Malo, July 17, 1698. When
iwenty years of age he entered the army, becoming lieu-

tenant in a regiment of cavalry, and employing his leisure

•an mathematical studies. After five years he quitted the

army and was admitted in 1723 a member of the academy.

of sciences. In 1728 he visited London, and was elected

3, fellow of the Royal Society. In 1736 he acted as chief

of the expedition sent by Louis XV. into 'Lapland to

measure the length of a degree of the meridian withiu the

.polar circle, in order to settle the then much disputed

•question of the oblate figure of the earth, and, on his return

home, he became a member of almost all the scientific

societies of Europe. In 1740 Maupertuis went to Berlin

on the invitation of the king of Prussia, and took part in

the battle of Mollwitz, where he was taken prisoner by the

Austrians. On his release he returned to Berlin, and
thence to Paris, where he was elected director of the

academy of sciences in 1742, and in the following year

•was admitted into the Academy. Returning to Berlin in

1744, Maupertuis marrfed a lady of rank and great beauty,

and in 1746 was chosen president of the-royal academy of

(Sciences. Finding his health declining, he repaired in

1757 to the south of France, but went in 1758 to

Basel, where he died July 27, 1759. Maupertuis was
unquestionably a man of considerable ability as a mathe-
matician, but his restless, gloomy disposition involved him
in constant quarrels, of which his controversies with Konig
and Voltaire during the latter part of his life furnish

^examples.

The following are Lis most important works •.—Essay on Cos-

3nohgy ; Discourse on the Different Figures of the Stars ; Essay on
Moral Philosophy ; Philosophical Eeftcxions, &c. ; Animal Physics;

System of Nature ; Elements of Oeography ; Aceouni of the Expedi-
tion to tht Polar Circle, &c. ; Laws of Motion ; Latcs of Jiest

;

J'arallax of the Moon ; The Comet of 1742 ; On the Progress of tht

Sciences. He also contributed a large number of interesting papers
'^e the Memoirs of tin academies of Paris and Berlin.

MAU RAnIPUR, a town in Jhdnsl district, '\a the

North-Western Provinces of India, in 25° 16' N. lat.,

79° 11' E long. The population in 1872 was 16,428.

Although now a large trading centre, the town is of quite

.modern commercial importance, having risen from the

position of a small agricultural village through the influx

-of merchants seeking relief from extortionate demands
made by the rdjd of a neighbouring native stata It con

^ina a largo community of wealthy merchants and bankers.

A special variety of cloth, known as l-karna, is manu-
Jtactured and exported to all parts of India. The principal

imports are sugar, English piece-goods, silk, metals, and
coffee. Trees line many of the streets, and handsome
iemples ornament the town.

MAURER, Geoei Ludwig von (1790-1872), a distin-

^ished German jurist and statesman, was born at

JErpolsheim in the Bavarian Palatinate, November 2, 1790,

Se was the son of a Protestant pastor. He received his

education at the university of Heidelberg, and afterwards

followed for some time the profession of an tdvocatei In
1812 he went to reside in Paris, where, with the aid of the

great libraries of that city, he entered on s systematic

atudy of the ancient legal institutions of Germany. On
his return to Bavaria he was appointed substitute for the

attorney-general in the district of Spires and Landau. In
.f824 he published at Heidelberg his first work, Cfeschickte

tfe$ att-germanischen uiid namentlich alt-haxrischen off'enllich-

tAindlickm Gerichteverfahren, which obtained the ^n± prize

of the academy of Munich. In 1826 he was made one of

the professors of law in the university of Munich. In

1832, Otho, son of King Lonis of Bavaria, having been
chosen to fill the throne of Greece, a council of regency

was nominated to conduct the government of that country

during his minority. Of this council Von Maurer was
appointed a member, the others being the Count von
Armansperg, who was president, Major-General K. W. von
Heideck, and K. von Abel. They applied themselves

energetically, and at first apparently in a spirit of concord,

to the task of creating for the new kingdom institutions

adapted to the requirements of a modern civilized com-
munity. But grave differences ' soon made themselves

felt, Maurer being at variance with the president on
important administrative questions. These being referred

to King Louis, he decided in favour of the president,

and Maurer and Abel were suddenly recalled in 1834. The
loss of Maurer was a serious one for Greece ; he was the

ablest, most energetic, and most liberal-minded member of

the regency, and had already done important work in the

juridical and educational organization of the kingdom. It

was through his enlightened efforts that Greece had
obtained a revised penal code, regular tribunals, and an
improved system of civil procedure. Soon after his recall,

he published his work entitled Das griechiache Folk in

ofentlicher, kircMicher, und privatrechtlicher Beziehung

vor und nach dem Freiheitshampfe bis mm 31 Juli 1834

(3 vols,, Heidelberg, 1835-36). This book is a valuable

source of information on the history of Greece during the

preceding years, its condition before the call of Otho to

the throue, and the labours of the council of regency down
to the time of the author's recall Notwithstanding his

removal from office, he does not appear to have forfeited

the esteem or goodwill of King Louis. After the fall of

the ultramontane ministry of Abel in 1847, he became
minister of foreign affairs and of justice, but on attempting

to carry out reforms he was overthrown ; retiring then

from political life, he devoted, himself altogether to his-

torical and juristic studies, the fruits of which he gave to

the world in successive publications. He died at Munich,

May 9, 1872.
The following is believed to be a complete list of such of his

writings as have not been already mentioned :

—

Grundriss des deut-

schen Privatrechts, 1828 ; Ueber die bairischcn Stadtc vnd iJxrt

ferfassitng unter dcr roviischen und frdnkisehen Herrsehaft,

1829 ; Ueher die dcutschc Reichsterritorial- und Pcchtsgeschichie,

1830 ; Das Stadt- und das Landrcchlsbuch Ruprechts von Freising

nach 6 mUnehcner Handsehriftcn, ein Beitrag zur Geschiehte des

Schicabenspicgels, 1839 ; Veber die Frcip/legc (plegium liberale), und
die EtUalehung der grosscn und kleinen Jury in England, 1848

;

Einlcitung zur Geschiehte der Mark-,-IIof-, Dorf-, und Stadt- VeT'

fassung und dcr offentlichen Gewalt, 1854 ; Geschiehte dcr Market'
Fcrfassung in, Deutschland, 1856; Rede bei der 100-jahrigen Stif'

tungsfeier der K. Akademie dcr Wissenschaflcn am 28 Marz, 1869 ;

Geschiehte der Dorf-Vcrfassang in Deutschland, 2 vols., 1865-66 ;

Geschiehte dcr Fronhofe, der Rauemhbfe, und der Hofverfassung in

Deutschland, i vols., 1862-63 ; Geschiehte dcr Stcu. .erfassung in

Deutschland, i vols., 1869-7L He also superintended the prepara-

tion of a part of the continuation of Jacob Grimm's IFeiithUmer,

published under the auspices of the academy of Munich, 1866.

His researches on the ancient village communities of Germany are

of special interest and importance.

MAURETANIA, or Matieitania (the former is the

more correct form of the name, according to coins and

inscriptions), was the name given in ancient geography to

the district which constituted the north-western angle of

the African continent. It comprised a considerable part

of the modern empire of Morocco, together with the

western portion of Algeria. But its limits varied much at

different times. When it first appears in history the river

iMulucha constituted its eastern limit, which separated it

from the Numidian tribe of the Massyli, who held all the

country from that river to the Ampsaga ; but at a later

period the kingdom of Mauretania was extended to tho
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latter river so as to include tbe whole territory from the

Ampaaga to the Atlantic Ocean. Towards the south it

was bounded by the great range of Mount Atlas, and it

appears to have been regarded by geographers as extending

along the coast of the Atlantic as far as the point where

that chain descends to the sea, in about 30° N. lat,

though the Roman province of the name extended but a

little beyond Sala (Sallee), and it is probable that there

v.-ere no towns or permanent settlements farther south.

The magnificent plain, or rather plateau, in which the city

of Morocco is situated seems to have been unknown to

ancient geographers, and was certainly never included iu

the Roman empire. On the other hand the Gietuliaus,

who inhabited the narrow strip of fertile date-producing

territory on the southern slopes of the Atlas, though not

included under the name of Mauretania, seem to have

alwa)'s owned a precarious subjection to the kings of that

country, and in after days to its Roman governors.

The physical geography of the country will be described

under the heading Morocco, though it must be observed

that the term Mauretania, as used by the Romans, com-

prised also the greater portion of the French colony of

Algeria, including the provinces of Gran and Algiers, and
even a part of that of Constantine. The range of Mount
Atlas forms throughout the backbone of the country, from
which the streams descend to the Mediterranean and the

ocean. The most important of those on the north coast is

the Mulucha or Molochath, which in the earliest times con-

etituted the eastern limit of the country ; it is still called

Muluya. Farther east are the Chinala, the Usar, and the

Ampsaja. Of those that flow westward towards the

Atlantic, the most considerable were the Lixus, Subur,

and Sala. But from the proximity of the mountain
ranges to the sea none of these streams were of any import-

ance, or navigable beyond a short distance from the sea.

A large part of the country is of great natural fertility,

and was in ancient times extensively cultivated, and pro-

duced large quantities of corn, while the slopes of Mount
Atlas were clothed with vast forests, which, besides other

kinds of timber, supplied the celebrated ornamental wood
called Citrus, for tables of which the Romans gavfe such
fabulous prl?33.

Mauretania, or Manrusia, as it was called by Greek writers, un-
questionably significi the land of the Mauri, a term still' retained

in the modern name of Muora, and probably meaning originally

nothing but "black men." Tho origin and ethnical affinities of
tho lauo are unknown ; but it is probable that the inhabitants of all

this northern tract of Africa along tho coast of the Mediterranean
were kindred races belonging to the family which is represented at
the present day by the Berbers of tho mountain districts and the
Tuaricks of the tract south of tho Atlas. They first appear in his-

tory nt the time of thu Jugurthino AVar (110-106 B.C.), when
Mauretania west of the Mulucha was under tho government of a
king called Becchus, and appears to have constituted a regular and
organized state. It retained its independence till the time of
Augustus, who iu 25 B. c. bestowed tlio sovereignty of tho previously
existing kingdom upor. Juha II., king of Numidia, at the same time
uniting with it the western portion of Numidia, from the Mulucha
to the Ampsaga, which now received tho name of Mauretania
C-eaariensis, while tho province that had previously constituted the
kingdom, or Mauretania Proper, came to be known as Mauretania
Tingitaua. This distinction continued to subsist after the incor-
poration of the two provinces in the Roman empire under Claudius
to 42 A.D., and remained unchanged till the time of Constantine.

In the time of Pliny and Ptolemy, Mauretania contained a
number of flourisliing citiw and towns, several of which enioyed
the privileges of Roman oolonies, having been founded no doubt
in great part with a view of keeping in check tho wild barbarians
who still occupied the greater part of the country. Tho most
important of these places -were—Tingis, on the site of the modern
Tangier, the capital of tb» province to which it gave its name

;

Lixus and Sala, on the coast of tho Atlantic, at tho mouths of the
rivers of the same name ; and three towns in the interior of the
same province, Zilis, Babba, and Eanasa, all of them bearing tho
title of Roman colonics. On the coast of tho Mediterranean stood
Buiaddir (now Melilla), within tho limits of Tingitaua ; and beyond

the Mulucha Cartenna (now Tenes) ; lol, sumamed Caesarea^

which was made his capital by Juba II., and continued to be that

of Mauretania Caesariensis under the Romans (it" site is now called

Cherchell) ; Icosium (the modern Algiers) ; Saldse (Bojeyali) r,

Igilgili (Jijeli) near the eastern limit of the province ; and SitiliE

(Setif) at no great distance in the interior, a town of considerable-

importance, which after the time of Constantine gave the name o|

Jlauretania Sitifensis to this eastern portion of the province. Tbc
prosperity of this part of Africa under the Roman empire, previou-s

to tho irruption of tho Vandals in 429 A.D., is shown hy the facf
'

that no less than one hundred and seventy towns which wen.
episcopal sees are enumerated in the Kotilia in the two provinces

ot Mauretania.

MAURICE (Maueicius), St, and his companions are

commemorated as martyrs by the Roman Church or;

September 22. The earliest extant form of the legend

relating to them is that of Eucherius, bishop of Lyons
about the middle of the 5th century, who tells us that;

Maurice was in command of the Theban legion (so callecJ

because raised iu the Thebais) when it was sent into the-

West and attached to the army of JIaximian. Themselves..

Christians to a man, its members refused to persecute their

coreligionists, and for this, after having twice beeu

decimated, the legion was utterly destroyed by command
of the emperor at Octodurum (Martigny) near Geneva. A
later form of the legend connects it with the expedition c^

Maximian against the Bagaudae, who are taken to have beer/

Christians ; the martyrdom of the legion arises out of its.-

refusal to take part in a great sacrifice which had beer,

ordered at Octodurum ; and another name—that of

E.xsuperius—is associated with Maurice's. Later still-

Gregory of Tours knows of a company of the same legioiif-

which suffered at Cologne (their leader subsequently

became known as Gereon). The date usually assigned to-

the martyrdom of the Theban legion is 286 a.d. ; but it is

matter of history that at that period the Christians werr

everywhere unmolested in the exercise of their religior-i

throughout the Roman empire. On the other hand, at nc-

later date have we any evidence of the presence ot

Maximian in the Valais ; and, apart from the great a;jrtor--

improbability of the extirpation of a whole legion under

any circumstances on account of its Christian profession, ii;

is practically impossible to get over the fact that sucL-

writers as Eusebius, Lactantius, Orosius, and Sulpicius

Severus know nothing of such a noteworthy and startlin*.^

event having taken place. But in the long and voluminoa.».

controversy as to the historical character of this legend it

has of course never been att-empted to deny that isolated

cases of officers being put to death on account of their

religion occurred during the reign of Maximian. Thtf

cultus of St Jlaurice and other members of the Thebaxt.

legion occurs chiefly in Switzerland, the region of the Rhine,

and northern Italy ; the foundation of the abbey of St
Maurice (Agaunum) in the Valais is usually ascribed tci

Sigismund of Burgundy (515).

MAURICE (Maueicius Flavius Tibeeius), emperor of"

the East from 582 to 602, was Of Roman descent but a nativt

of Arabissus in Cappadocia, where he was born about 53'3.

He spent his youth at the court of Justin II., and, having

joined the army, fought with distinction in the Persian

war (578-581). At the age of forty-three he was declared'

Coesar by the dying emperor Tiberius II., who bestoweoT

upon him the hand of his daughter Constantina, In the

meagre annals of the reign of Maurice the most conspicuou*;

events are the termination of the long struggle in the East

with the restoration to the Persian throne of Chosroes II. by
the Roman general Narses (not the conqueror cf Italy) in>

591, and the successes of Priscus in the protracted wai

against the Avars. Some inopportune attempts at army-

reform, and an ill-judged refusal to provide a ransom whiel>

might have prevented the massacre of twelve thousnncl

prisoners ia the hands of the enemy, led to a rebellioi>
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among the legioDs on tUe Danube, who declared Maurice

unworthy to rsign, and, commanded by Phocas, then a

simple centurion, but destined to become emperor, marched

upon Constantinople. The capital having declared against

him, Maurice abdicated and withdrew to Chalcedon,

but was pursued and put to death there after having

witnessed the murder of five of his sons (November 27,

602). Ho was the author of a work on military art

(a-rpa-njyiKti) in twelve books, of which there is an

edition by Scheffer, published at Upsala in 1664. There

is a Vila Mauricii by Theophylact Simocatta.

MAURICE OF Nassau, prince of Orange, the younger

son of William the Silent, was born at Dillenburgin 1567,

and was made governor of the United Provinces after the

assassination of his father in 1584. He succeeded his

brother as prince of Orange in 1618, and died at the Hague
on,April 23, 1625. For the leading features of his character

and events of his life see Holland, vol. xii. pp. 77, 78.

MAURICE (1521-1553), duke and elector of Saxony,

the eon of Duke Henry the Pious, was born on the 21st of

March 1521. He received a learned education, and at

an^ early age gave evidence of au energetic and ambitious

temper. In 1541 he married Agnes, daughter of the

landgrave Philip of Hesse, and succeeded his father as

duke of Saxony, of the Albertine line. Although a Pro-

testant, he held cautiously aloof from the League of

Smalkald ; and in 1542 and 1543 he received imperial

favour by supporting Charles V. against the Turks and the

French. In 1546, when Charles V. attacked the League
•f Smalkald, Maurice sided with the emperor, the result

being that he was made elector of Saxony in place of his

ccrSsin John Frederick (of the Ernestine line), who was
taken prisoner and deposed. At this time Maurice was

detested by the German Protestants, who considered him a

traitor to his religion; but the tide soon turned. -Fearing

that the emperor's ultimate aim was to strike at the

authority of the princes, he began silently to make pre-

pafations for war ; and Charles V. was imprudent enough
to provide him with a pretext for opposition by detaining

the landgrave Philip of Hesse, whose freedom Maurice

had guaranteed. In 1551 Maurice concluded a secret treaty

with Henry II. of France against the emperor, and an

alliance was also formed with ' several German princes.

Charles V. refused to believe in the reality of the danger

;

but in March 1552 he was startled by the intelligence that

Henry II. had entered Germany as an invader, and that

Maurice was hastening southward at the head of a powerful

arihy. John Frederick and Philip were at once released,

and the emperor, after an ignominious flight, was compelled

to sign the treaty of Passau. After the re-establishment of

peace Maurice fought for some time against the Turks in

Hungary ; he then returned to Saxony, and associated

himself with the alliance against Slargrave Albert of

Brandenburg, by whom the treaty of Passau had not been

recognized. At Sievershausen, on the 9th of July 1553,

the margrave was defeated ; but during the battle Maurice

was wounded, and two days afterwards he died in his

tent He was not only a great diplomatist and general,

but one of the most enlightened rulers of his age, and his

early death was sincerely deplored by his subjects. In his

last years he was content " with small diet and little sleep."

f Therefore," says Roger Ascham, who had seen him, " he
bad a waking and working head, and became so witty and
secret, so hardy and ware, so skilful of ways, both to do
harm to others and to keep hurt from himself, as he never
took enterprise in hand wherein he put not his adversary
always to the worse."

See Roger Ascham, A Seport and Discourse of the Affairs and
State of Germany ; Langeon, ilorilz, Hcrsog und Kurfiirst von
Sachtcn, 1841 ; G. Voigt, Uoriiz von Sachaen 1541-47, 1876.

MAURICE, John Frederic Denison (1 805-1 872J,
better known without his first name, an English clergyman
and theologian, was born in the year 1805. He was the
son of a Unitarian minister, and educated in his father's

faith, entering Trinity College, Cambridge, as a Noncon-
formist, for the sake of the university course, at a time
when it was impossible for any but members of the'

Established Church to obtain a degree. Together with
John Sterling, Maurice migrated to the smaller college of

Trinity Hall, whence he obtained a first class in civil law
in 1827 ; he then came to London, and gave himseH to

literary work, editing for a short time the Athenxumi
newspaper. During this period of his life he came under
the influence of S. T. Coleridge,—an influence which
drew Maurice into conformity, and issued through him in

what was known as the Broad-Church school of thought
When Maurice joined the Church of England, he might

no doubt have returned to Cambridge for his degree, or,

when he chose Oxford, his terms at Cambridge would
have been allowed him, but with characteristic thorough-

ness he elected to go through the whole Oxford course.

He entered Exeter College, and obtained a second class in

classics in 1831.

The intellectual stir of^Oxford life, and the vehement
controversies in the clash of which sparks of truth seemed
struck out, were probably among the causes which attracted

Maurice to Oxford, and he afterwards took his full share

in them, always in a liberal, tolerant, yet strongly Pro-

testant spirit He was ordained in 1834, and after a short

interval spent in parish work in the country was appointed

chaplain of Guy's Hospital, and became thenceforward a
sensible factor in the intellectual and social life of London.
Carlyle has told us how "going to Guy's" Sunday after

Sunday was a part of Sterling's routine, and an appreci-

able number of persons far above, the average were
attracted to the hospital chapeL In 1840 Maurice was
appointed professor of history -and literature in King's

College, to which in 1846 was added the chair of divinity.

These chairs he held till 1853. . In that year he published

Theological Essays, wherein were stated opinions which
savoured, to the principal, Dr Jelf, aud to the. council,

of unsound theology in regard to eternal punishment
Maurice maintained with great warmth of conviction that

his views were in close accordance w^th Scripture and tlie

Anglican standards, but the council ruled otherwise, and
he was deprived of his professorships. ,He held at the

same time the chaplaincy of Lincoln's Inn (1846-60), but
no attempt was made to deprive him of this. ' Neither was
he assailed in the incumbency of St Peter's, Vere Street,

which he held for nine years .(1860-69), 'and where,

though his congregation was never large, partly perhaps

because no parish or district was apportioned to his church,

he drew round him a circle of thoughtful persons, attached

in no common degree to himself and to his teaching.

During his residence in London Maurice was specially

identified with two important movements for education,

the Working Jlen's College, and Queen's College for the

education of women, while he threw himself with great

energy into all that affected the social life of the peopla

Certain abortive efforts at a true co-operation among work-

ing men, and the movement known as Christian Socialism,

were the immediate outcome of his teaching, and directly

fostered by himself. In 1866 Maurice was appointed

professor of moral philosophy in the university of Cam-
bridge. He died on the 1st of April 1872.

Maurice was before all things a preacher. The actual message

he had to proclaim was apparently simple ; his two great convic-

tions, which he strove to impress on all other men, were the

fatherhood of God, and that all religious systems which had any
stability lasted because of a portion of truth which had to be

disentangled from the error differentiating them from the doctrines
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«r the Church of England as understood hy himself. His love to

God as liis Father was a passionate adoration which filled his whole
heart. No one who ever heard Jlaurico read the Lord's Pr.aycr

can possibly forget it ; the intensity of his convictions in the pulpit

made his message seem as luminous and clear as it was brief and
concentrated, though his teaching apart from the living voice had
by no means the same character.

It was the peculiarity of his congregation that those who wanted
his advice sooght him ; having no parish, he had no definite

inhere of work beyoud the church. Thus his preaching took

the forms now of exposition and now of the resolution of

metaphysical difficulties, rather than of direct dealing with the

facts, tlie sins, and the temptations of human life common to all.

Feeling this defect, he took tor a time a district for parochial visita-

tion, but was perple.\ed and distressed at the experience to which
he was uuequal. With all his affectionateness and desire to give

.sympathy he was unable even to conceive intellectual difficulties

which were not his own. To those who did not demand of hira all

<hey needed, but took thankfully what he had to give, he was
altxjgether a stimulating and helpful teacher. He opened new
Tiews, and encouraged men to think for themselves, and see what
their words meant. He was even morbidly fearful of founding a

party, and was deeply distressed at the name Broud-Church. Those
who surrounded him, and were kept together by his personal charm
and influence, were leaniing to think lor themselves, and have dis-

persed in many directions. There are probably not half a dozen
iwrsons who, even nominally, reflect the precise shades of Maurician
teaching.

As a writer it is extremely doubtful if his work will have a great

and permanent place in the future. His one novel, Eustace Con-
tcay, is even now unread ; his theological works, though abounding
in passages of great beauty, full now and then of a hery eloquence,
are as a whole somewhat obscure. He published too niucli, and a
large number of his works are sermons recast. We miss the human
voice, ind we find a class of writing which only the highest
excellence can make tolerable out of the pulpit.

ilaurice's greatest effect on his time is in his educational work.
The Working Men's College, which owes more to him than to any
one else, for which he rendered great sacrifices, and which was and
is more full of his spirit than are most institutions of that of their

foauders, was a totally new departure in education. It was intended
to give, and it has largely succeeded iu giving, not what is called

a popular education, but " higher education " to working men, and
in combining teachers and taught in a college with its social life,

and a bond of common interests. Queen's College, in like manner
/or the higher education of girls, is scarcely less identified with his

Jife, though its influence is not so great, nor can its work be so

widely known.
Both at King's College and at Cambridge Maurice gathered

round him a band of earnest students, to whom he directly taught
much that was valuable drawn from wide stores of his own reading,
wide rather than deep, for he never was, strictly speaking, a learned
man. Still more did he encourage the habit of inquiry and
research, more valuable than his direct teaching. In his power,
which has been truly called Socratic, of convincing his pupils of
their ignorance he did more than perhaps any other man of onr
time to awaken in tiiose who came under his sway the desire for

knowledge and the process of independent thought.
If, as a social reformer, Maurice's name be forgotten in the future,

it will be because in much ho was before his time, and gave his
eager support to schemes for which the world was not ready. From
a veiy early period of his life in London the condition of the poor
pressed upon him with consuming force ; the enormous magnitude
of the social questions involved was a burthen which he could
hardly bear, lie threw himself with characteristic energy into
schemes for a true co-operative system, in which some ardent young
men were then engagi'd, and in spite of his dislike for systems and
party names did not shrink from being known as a Christian
Socialist, and taking a keen interest in the paper which bore that
name, and was the organ of the movement. That and %\\e Politics

for the People, much the same paper under a different name,
received his sanction and aid ; many strifes between masters and
workmen were appeased, if not directly by liimself, by those who
were aided by his counsel, and were in constant intercourse with
hiin. For many years he was the clergj'man whom working men
of all opinions seemed to trnst even if tTieir faith in other religious
men and all religious sysrtems liad faded, and his power of attract-
ing the zealot and the outcast resembled that of tne Master whom
he followed.

Maurice was twice married, first to a sister of John Sterling,
secondly to a sister of liis friend Archdeacon Hare. By his family
ties and his closest friendships he camo iu contact with few but
intellectual people. Thus while he wrote and spoke and worked
for the average man he set that average somewhat high. Those who
were privileged to know liim did not know a more beautiful soul.

The following arc Maurice's more bnportjuit works. Some of ttipm wcic
rvwrttteo aud lii ft naainre recast, and tt>e da(« gtrca 1« oot lMC««ui11y tbot of

the first appearance of tlic Ijook, but of Iu more complete imd nbiJinc funii.
Eustace Coiiiray, or ttip Brother and SisUr, n novel, 1834 ; TU Kingdom of Cfnist,
164:;: Christmas Datf and other Sertitont, 1843; The Unity o/ the A\tr Tt'ftanieitt,
IS+4

; The Epiitic to the lltl/reiei, lS4(i ; The Rrliyions oj the KorlJ. 1847 ; Uonil
and Metaphtjsieat Phitoxophfi (at fli-st «n article in the Eneye'opxdia MetropolU
laiia), 1848; The Church a Family. I860; The Old Tetlametd. 1851; Theological
EssiJijs, 1S53 ; The Proiihts and Jiings of the uld Tclamevl, 1853 ; Lecturei on
Ecclesiastical llistorif, UTA; The Doctrine ofSacrifice. 18S4; The Patriarchs aoi
Laicgirers of the Uld T^ilamenl. ISSi ; Tf:e Efiutln of SI John, 18i; ; The Com-
mandmevts a! Inilruments of Xational Rrformalion. ISCC; On the Gospel of St
Lute, 1868: The Conscience; Lectures on Casnislrjj, 18G8 ; The Lord's Prayer, ti

Sfanira!, 1870. The greatt-i- pan of these works we're, as lius been ah eady no"ticed(
first delivered as sermons or lectures. Besides this more formal -work. Maurice
contributed many prefaces *nd introdueflons to the woiks of fi-iends. as to Arch-
deacon Hare's Charges, Kingsiey's Saiiifs Tragcdii. ic. His occasional sermon^
speeches, periodic.il wiltln^s, and letters to vaiious newspapers need not be here
noticed, though they were at the time evidence of his interest moil the life of his
time, and his eager and abounding energy.

MAURITIUS, formerly called the Isle of France, an
island in the south-western portion of the Indian Ocean,
between 57° 18' and 57° 48' E. long,, and 19° 58' and 20°
31' S. lat., 550 miles east of Madagascar, and 115 miles
north-east of the island of Reunion, 040 miles south-east

of the Seychelles, 2300 miles from the Cape of Good Hope,
and 9500 miles from England via Aden and Suez. The
island is irregularly elliptical-—somewhat triangular—in

shape, and is 36 miles long from north-northeast to south-

south-west, and about 23 rniles broad. It is 130 miles

in circumference, and its total area is about 713 square
miles. The island is surrounded by coral reefs, bo that the
ports are rlifficult of access.

Cc^liilllflf
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Map of Mauritius.

From its mountainous character Mauritius is a most
picturesque island, and its scenery is very varied and
beautiful. The most level portions of the coast districts are

the north and north-east, all the rest being broken by hills,

which vary from 500 to 2700 feet in height. There are three

principal masses of mountain : the north- western or Pouce
range, in the district of Port Louis ; the south-western, iq
the districts of Eivitre Noire and Savanne ; and the south-

eastern range, in the Grand Port district. In the first of

these, which consists of one principal ridge with severaj

lateral spurs, overlooking Port Louis, are the singular

peaks of the Poucc (2G50 feet), so called from its supposed
resemblance to the human thumb ; and the still loftier

Pieter Botte (2676 feet),a tall obelisk of bare rock, crownec'

with a globular mass of sto&e. The highest sacunit in t^ •
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island is in the south-western mass of hills, the Montagne

de la Eivifcre Noire, which is 2711 feet above the sea.

The principal ranges in this mountain mass are three in

number, arranged in a triangular form, and are called

respectively the mountains of La Pierre Rouge, La Eivitre

Noire, and Savanne. The south-eastern group of hills

consists of one chief range, the IMontagne du Bambou,

with several spurs running down to the sea. In the

interior are extensive fertile plains, some 1200 feet in height,

and forming the districts of Moka, Vacois, and Plaines

Wilhelms ; and from nearly the centre of the island rises

an abrupt peak, the Piton du Milieu de I'lle, to a height

of 1932 feet above the sea-leveL Other prominent

summits are the Trois Mamelles, the Montagne da Corps

de Garde, the Signal Mountain, near Port Louis, and the

Morne Brabant, at the south-west corner of the island.

The rivers are of course small, and none of them are

navigable beyond a few hundred yards from the sea, lu

the dry season most of them are little more than brooks,

although they soon become raging torrents when swollen

by the heavy rains of the wet period of the year. The

principal stream is the Grande Eiviire, with a course of

about 10 miles. A remarkable and very deep lake, called

Grand Bassin, is found in the south of the island, and is

probably the extinct crater of an ancient volcano ; other

similar lakes are the Mare aux Vacois and the Mare aux

Jones, and there are some other deep hollows which have

a- like origin.

The geological structure of Mauritius is undoubtedly a

result of volcanic action, all the rocks being of basalt and

greyish-tinted lavas, excepting some beds of upraised

coral Columnar basalt is seen in several places. There

are many caverns and steep ravines, and from the character

of the rocks the ascents are rugged and precipitous. The'

island has few mineral productions, although iron, lead,-

and copper in very small quantities have in former times

been obtained.

The climate is pleasant during the cool season of the

year, but oppressively hot in summer (December to April),

except in the interior plains, where the thermometer ranges

from 70° to 80°, while in Port Louis and the coast generally

it ranges from 90° to 96°. The mean temperature for the

year at Port Louis is 78^'6. During the last thirty years

the island has been subject to severe epidemics, which

have been extremely fatal. In 1854 a visitation of Asiatic

cholera swept oS 17,000 people; and in 1867 a still more

destructive inroad of malarial fever, of an unusually fatal

type, almost paralysed the whole community for many
weeks, carrying off 30,000 people, and greatly affecting

the finances of the colony. The seasons are divisible into

two, the cool and comparatively dry season, from April to

November, and the hotter season during the rest of the

year. From the month of January' to the middle of April,

Mauritius, in common with the neighbouring islands and

the surrounding ocean from 8° to 30° of S. lat., b subject

to severe and destructive cyclones, accompanied by torrents

of rain, which often cause great destruction to houses and

plantations. These hurricanes generally last about eight

hours, but they appear to be now less frequent and violent

than in former times, owing, it is thought, to the destruc-

tion of the ancient forests and the •consequent drier condi-

tion of the atmosphere.

The soil of the island is of considerable fertility ; it is a

ferruginous red clay, but so largely mingled with stones of

all sizes that no plough can be used, and the hoe has to be

employed to prepare the ground for cultivation. The
woods with which the island was largely clothed when first

discovered have been to a great extent cut down, and the

greater portion of the plains is now a vast sugar plantation.

The bright green of the sugar fields is a striking feature

in a view of Mauritius from the sea, and gives a peculia»

beauty and freshness to the prospect. The soil is suitable

for the cultivation of almost all-kinds of tropical produce,
and it is to be regretted that the prosperity of the colony

depends entirely on one article of production, for the con
sequences are serious when there happens to be a failure,

more or less, of the sugar crop. Guano is extensively

imported as a manure, and by its use the natural fertility

of the soil has been increased to a wonderful extent.

For purposes of law and government Mauritius is divided
into nine districts, named respectively Port Louis.

Pamplemousses, Eivifere du Rempart, Flacq, Grand Port,

Savanne, Moka, Plaines Wilhelms, and Rivifere Noire.

The capital and seat of government, the city of Port Louis,

is situated on the north-western side of the island, at the

head of an excellent harbour, a deep inlet about a mile

long. This is protected by two forts,—Fort William and
Fort George,—as well as by the citadel in the city, and
its value is further increased by three graving docks con-

nected with the inner harbour. Lighthouses have been
erected on Flat Island and at Cannonier's Point. Port Louis

has a population of about 70,000, but from the lofty

mountains by which it is enclosed its situation is >;ot, and
from the small amount of tide in the harbour effectual

drainage is difficult, so that it is not a very healthy town.

The public buildings are of no great architectural beauty,

the government house beiftg a three-storied structure with

broad verandas, of no particular style of architecture,

while the Protestant cathedral was formerly a powder
magazine, to which a tower and spire has been added.

The Roman Catholic cathedral is more pretentious in style,

but is tawdry in its interior. In the city are large barracks

and military stores. A maximum contribution of .£45,000

is paid to the imperial government by the colony towards

the expenses of the troops stationed in the island, buf; this

sum is reduced when the garrison is below a certain standard.

In 1880 the amount paid was £29,972. The governor and

qhief officers of government reside out of Port Louis in the

cooler uplands of the interior, as do also a large number of

the principal inhabitants, especially since the completion

of the railways has made access easy to many portions of

the island. The most favourite place of residence is at

Curepipe, a place situated about 1800 feet above the sea '^

here the climate resembles that of the south of France,

and it has been so much resorted to of late years that it

is rapidly becoming a large town. The construction of the

Mauritian railways has given a great impetus to the trade

of the colony ; the system embraces two lines, of a total

length of 87 miles. The main roads of the island are kept

in good order, but much j'ct remains to be done before the

road system can be said to be complete throughout all the

districts.

The prosperity of Mauritius, as already mentioned,

depends almost entirely upon its sugar-crop, and the export

trade of the island has greatly increased during the last

twenty years, as will be seen by the following statistics:—

1864.
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by the following figures, giving values of the sugar ex-

ported :

—

18C». 1871. is;7. 1879.

f2,I2C.5Il £2,841,829 i»,763,2al £3,408,020

In 1877 the quantity of sugar exported was 189,164

tons; while in 1851 the quantity was 102,000 tons. The

next item is rum, whicli was exported to the value of

£45,386 in 1878 ; and the production of cocoa-nut oil

has increased from 7509 gallons in 1804 to 253,203

gallons in 1878, the latter quantity being worth X37,263.

The value of the coffee exported in 1879 was £25,064.

The currency consist.s of rupees and cents; and on the 1st

of May 1878, the metric system of weights and measures

6ame into use iu the island.

Mauritius being an oceanic island of small size, its present fauna

is very limited in extent, and docs not contain much tliat is

Interesting. When first seen by Europeans it contained no
mammals except a large fruit-eating bat {Fteroyus vulgaris), whicIi

is plentiful in the woods ; but several animals of this class have
been introduced, and are now numerous in the uncultivated region.

Among these are two monkeys of the genera Macaciis and Cciro-

piihccus, a stag {Cervus hippclaphus), a siuall hare, a shrew-mouse,

and the ubiquitous rat. A lemur and one of the curious hedgehog-
like Inseclivora of JIadagnscar {Ccntetcs ccavdatus) have probably

both been brought from tlie larger iaiand. The avifauna resembles

that of Madagascar ; there are species of a peculiar genus of cater-

pillar shrikes {Campcphagidm), as well as of the genera Pralincola,

Hypsipctes, Pkcdiiut, 2'chUrca, Zostcrops, Foxidia, Collocalia, and
Coracopsis, and peculiar forms of doves and parroquets. The living

reptiles are small and few in number, but in the surrounding seas

are great numbers of fish ; .the coral reefs abound with a great variety

of molluscs ; and there are uumerous land-shells. The extinct

fauna of Mauritius has considerable interest. In common with the

other Mascarene islands, it was the home of the Dodo {Didus incptus),

one of a group of birds incapable of flight ; there were also Aphan-
aptcryx, a species of rail, and a short-winged heron {Ardca mega-
cephala), which probably seldom flew. The defenceless condition

of theso birds has led to their extinction since the island was
colonized. Several species of large fossil tortoises have been dis-

covered ; but, strange to s.iy, they are quite different from the
living ones of Aldabra, in the same zoological region.

Owing to the extensive destruction of the primeval forests of the
island for the formation of sugar plantations, the indigenous
flora of Mauritius is only seen in parts of the interior plains, in the

river valleys, and on the hills ; and it is so much mingled with
trees and plants introduced from other parts of the world that it is

not very easy to distinguish between what is native and what has
como from abroad. The principal timber tree is the ebony {Dios-

pyros ebeneum), which grows to a considerable size. Besides this
there are bois de cannelTe, olive-tree, benzoin {Croton Bcmoc), colo-

phane (Colophonia), and iron-wood, all of which are useful in
carpentry ; the cocoa-nut palm, an importation, but a tree which
has been so extensively ]ilanted during the last hundred years
that it is extremely plentiful ; the palmiste (Pahna dactylifcra lati-

folia), the latanier {Corypha vmbraculi/era), and the date-palm.
The vacoa or vacois, a species of Pandanus. is largely grown, the
long tough leaves being manufactured into bags for the export of
sugar, and the roots being also made of use"; and in the few rem-
nants of the original forests the tree which is such a prominent
one in the coast flora of Madagascar, the traveller's tree {Urania
speciosa), grows abundantly. A species of bamboo is very plentiful
in the river valleys and in marshy situations. A large variety of
fruit is produced, including the tamarind, mango, Mnana, pine-
apple, guava, shaddock, fig, avocado-pear, litchi, custard-apple, and
the inabolo {Diospyros discolor), a fruit of exquisite flavour, but very
disagreeable odour. Many of the roots and vegetables of Europe
have been introduced, as well as some of those peculiar to the
tropics, including maize, millet, yams, manioc, dhol, gram, kc.
Small quantities of tea, rice, and sago have been grown, as well as
many of the spices (cloves, nutmeg, ginger, pepper, and allspice),
end also cotton, indigo, betel, camphor, turmeric, and vanilla.

Mauritius appears to have been unknown to European nations, if

not to all other peoples, until the year 1507, when it was discovered
by the Portuguese. It had then no inhabitants, and there seem to
bo no traces of its previous occupation by any people, either savage
or civilized. The island was retained for most of the 16th century
by its discoverers, but they made no colonies in it. In 1598 the
Dutch took possession, and named the island "Mauritius," in
honour of their princo Maurice. It had been previously called by
the Portuguese " Illia do CerniV' from the belief that it was the
island so named by Pliny. But, although the Dutch built a fort at
Grand Port, they made no permanent settlement in JIauritius, finally
abandoning the island in 1710. Five years afterwards the French,
ia tUeir turn, took possession of what had seemed so worthless to

two European powers, out it was half a century before the Govern-
ment of France appreciated the value of their colony, since from
1715 to 1767 it was held by agents of the French K|ist India Com-
pany, by whom its name was ag.iin changed to "lie de France."
The Company was fortunate iu having several able men as governors
of its colony, especially tlie celebrated Mah^ de Labourdonnai_s
(1/35-46), "a mun of eminent talents and virtue," who intro-
duced the culture of the sugar-cane, and thus laid a firm foundation
for the future prosperity ot the island. Under his direction roaiis

were made, forts built, and considerable portions of the forest were
cleared, and the present capital. Port Louis, was founded. Labour-
donnais also promoted the planting of cotton and indigo, and is justly
remembered as the most enlightened and best of all the French
governors. The colony continued to rise in value during the time
it was held by the French crown, and to one of the later governors,
De Poivre, was dun the introduction of the clove, nutmeg, and other
spices. Another governor was D'Eiitrccasteaux, whose name is kept
in remembrance by a group of islands east of New Guinea.
During the long war between Fiance and England, at the com-

mencement of this century, Mauritius was a continual source of
much mischief to English Indiamen and other merchant vessels;
and at length the British Government determined upon an expedi-
tion for its capture. This was effected in 1810; and upon the
restoration of peace in 1814 the possession of the island was con-
firmed to England by one of the provisions of the treaty of Paris.

By the eighth article of capitulation it was agreed that the inhabit-
ants should retain their own laws, customs, and religion ; and so it

happens that, althongh a Britisli colony, the island is still largely
French in language, habits, and predilections ; but its name has
again been changed to that given by the Dutch. Perhaps the most
distinguished of the English governors of the island was Sir Robert
Farquhar (1810-23), who did so much to abolish the Malagasy slave
trade and to establish friendly relations with the rising power of the
Hova sovreign of Madagascar.

Mauritius is one of the crown colonies of Great Britain, and at
the head of its administration is a governor, who is assisted by an
executive council of seven members, holding the most important
Government posts. There is also a legislative council, which con-
sists of the same members as the foregoing, with three others,
together with eight of the chief landed proprietors of the island, who
are nominated by the crown. The average annual revenue of the
colony for the ten years from 1871 to 1880 was £723,876, the
average annual expenditure during the same period being £710,261.
Up to 1854 there was a surplus in hand, but since that time ex-
penditure has exceeded income, aud the public debt is now about
£700,000.
The island has largely retained the old French laws, the Codes

Civile, de Procedure, du Commerce, and d'Instruction Criminelle

I

being still in force, except so far as altered by the later laws for
the administration of justice of April 13, 1831. By these the court
of appeal was reconstituted, and a supreme court of civil and
criminal justice was established, under a chief judge and three
puisne judges. The police force in 18S0 included 689 men.

During the laiit few years great improvements have been effected
in the educational system of the colony. The department of public
instruction has two branches, the Koynl College, for higher educa-
tion, and the sehool department, for primary instruction. In 1880
the number of Government schools was 38, with f077 scholars,
and of schools aided by grants 54, with 4316 scholars, the total

teaching staff numbering 178. The annual education vote is about
£18,000 ; and of the scholars 73 per cent, are Roman Catholic, 14
per cent. Hindu, 8 per cent. Protestant, and 5 per cent. Moham-
medan. It will be seen from the above figures that the Roman
Catholic religion is that professed by the large majority of the white
population of Mauritius. The clergy supported by the state include
the Protestant bishop of Mauritius, with an archdeacon and seven
clergymen of the Church of England, and three clergymen of the
Church of Scotland ; and the Roman Catholic bishop of Port Louis,
with a vicar-general and thirty-four priests.

The population of the Island Is a very varied one, and consists of
two great divisions:—those of European blood, chiefly French and
English, as well as numerous half-costo people ; and a large coloured
population, chiefly Hindu coolies, but with representatives from
various African and Asiatic regions, Negroes, Malagasy, Parsees,
Singhalese, Chinamen, Malays, &c. Tho Hindu immigrants now
form more than two-thirds oi the inhabitants of Mauritius, as will
be seen from tho following figures for the year 1881 :

—

Gcnerol 111,763
Mdle. Female.
C8,137 e3,G46

Inilinn....

Male.

1S1,423

....249,004

Female.
97,C4l

Totnl S«0,847
Mule. femflle.

200,6(iO 151,287

The increase of population during the last thirty years is chown
by the following figures ;

—

1851. 18C1. 1871. 1881.
183,506 ai3,4C9 317.0I!9 3C0.S47

Tlie system of coolie immigration has been of great rtiluo to tho
colony; and the arrangements for shipping these Hindu people

XV. — 8
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are mider Goremment control-: Bnt many of the Jaws have bcon

so unjust to the coloured people, and so much to the advantage of

the planters, that otoss evils and abuses have arisen. And, unjust

«s the laws are, their adminiatration has often been still more

unfair. The evil grew at length so glaring that in 1871 a royal

commission was appointed, which sat for a long time investigating

the subject Vinous reforms were recommended, and since then

some improvements have been effected. But many of the creole

planters are not remarkable lor their respect for the rights of

coloured people, and the system is liable to gross abuse unless

under vigilant control by higher authority. Much yet remains to

be done for the moral and religious instruction of the labourers ;

and the presence of a large heathen population, and the prevalence

of crime, has been at times a very serious consideration for the

colony. The number of coolies arriving in and leaving the island

varies very largely, from a few hundreds annually to several

thousands. > •
i

The dependencies of Mauritius are the SeycheUes group, the islands

of Rodriguez and Diego Garcia, the Chagos group, and seventy

,ither smaller islands scattered over a large extent of the Indian

Ocean, and having a total population of about 16,000 souls.

Rodriguez i3 situated 300 miles east of Mauritius, and is cultivated

1 hietly by colonists from that island.

Liltrature.—The followlnif urorkB supply fuller detnils than can be glren In

this article:—Ch. Grant, Uutory of Maurtlius, or the litt of France and Neigh-

touring J$tandi, 1801; J. Milbei-t, Voyage pUtoresijue a i'/ie-de-France, «tc.,

4 vols, 1812; Aug. Billiard, fot/age aui Colomei orimales, 1822; D'CnlcnvlUe,

Slatislique lie rile ifaurief, &c.. 183S ; J. Backtioiise. Narrative of a Vitil to the

Mauritius and South Africa, 1844; P. Beaton, Creoles and Cooliei, or Five Yeart

in Mauriliua, 1869 ; Paul Chastt'ail. Uittoiie tt Description deCilc Uanrice. 18«0;

F. P. Klemyng. Mauritius, or the Jtle of France, 1862; James Morris, '*Mauri-

Uiis. its Commercial and Social Beartn(rs," Soe. Arts Jour., 1862; A. Emy,
•• Sejour il lile Maurice," in vol. vli. of Tour du Monde, 18«3 ; Ch. J. Boyle. Far
Avay, or Sketches of Scenery and Socitlu m Mauritius, 1867 ; L. Simonin, Lcs

Pays lointains, Xota de Voyage {Maurice, ic). 136?: N. Pike, .Si/6-rro;iifo(

R^Imi^'es in the Land of the Aphanapteryx, 1873 ; A. R. Wallace. " The Mascarene

Islands," in chap. xl. vol. 1. of The Geographical Distribution of Animals, 1876;

K. .Mobina, F. Blchter, and E. von Uanens, Beitrige tur Meertsfauna der Inset

Mauritius und der Seychellen, Berlin, 1880 ; G. Clark, A Brief Notice of the Fauna

of Mauritius, ISal. (J. S., jr.)

ilAURUS, St, according to the Roman Breviary

(January 15), was a Roman of noble birth, and while still a

child was placed by his father Eutychius under the discipline

of St Benedict, where he soon became a model of all the

virtues and endowed with the gift of miracles. Sent by

his master into Gaul, he founded a monastery over which

he presided for forty years. When he died in 565 he was

over seventy. The monastery referred to is that of

Glanfeuil or St Maur-sur-Loire. In point of fact it may
be said that everything relatiLg to the introduction of the

Benedictine order into France, unless the name of him
who introduced it be made an exception, is purely

legendary. The famous "Congregation of St Maur" dates

from the 17th century, having received papal sanction in

1621 and 1627 : it arose out of an earlier " congregation
"

of reformed Benedictines, which took its name from St

Vannes near Verdun, and was sanctioned by Clement
VIII.

MAURY, jEiiN SiFFREiN (1746-1817), cardinal and
archbishop of Paris, the great opponent of Mirabeau in the

constituent assembly, and esteemed his rival in eloquence,

wa.s the son of a poor cobbler, and was bom at Valr^as in

the Venaissin, the district in France which belonged to the

pope. His quickness was soon observed by the priests of

Avignon, where he was educated and took orders, and he

determined to get what he could by it. He tried his

fortune by writing eloges of famous persons, then a favourite

practice ; and in 1771 his eloge on Fenelon was pronounced

nest best to Laharpe's by the Academy. The real founda-

tion of ids fortunes was the success of a sermon he preached

on St Louis before the Academy in 1772, which caused

him to be recommended to the king for an abbacy on the

spot. In 1772. he published his .ff.ssai sur rUoq^uence de la

chaire, which, as well as his Principes (feloquence, contains

much good criticism, and remains a French classic. He
became a favourite preacher in Paris, and was Lent preacher

at court in 1781, when King Louis XVI. said of his sermon,

"If the abb6 had only said a few words on religion he

would have discussed every possible subject" In 1781 he
obtained the rich abbey of Lions, worth 20,000 livres a

year, and in 1785 he was elected to the Academy. His

morals were as loose as those of his great rival Mirabeau,

but he was famed in Paris for his wit and gaiety as well

as for his eloquence and his immorality. In 1789 he was

elected a member of the states-general by the clergy of

Peronoe, and from the first proved to be the most able and

persevering defender of the nncien regime. It is said that

he attempted to emigrate both in July and in October 1789;

but, -whether he did or not, he after that time held firmly to

his place, when almost universally deserted by his friends.

His life was often in danger among the people, but his

ready wit always saved it, and it was said that one boii

viot would preserve him for a month. At last, in 1792, he

found it necessary to fly from Paris ; the Revolution had

gone too far. When he did emigrate he found himself

regarded as a kind of martyr to the church and the king,

and was at once named cardinal, archbishop in partibvs,

and extra nuncio to the diet at Frankfort. He was finally

made bishop of Montefiascone, and settled down in that

little Italian town,—but not for long, for iu 1796 tbe French

drove him from his retreat, and he became ambassiador,

but with hardly any pay, of the exiled king Louis XVIII.

to the pope. Such a life soon wearied a man who had

been accustomed to wealth and reputation, and in 1804 he

began to prepare his return to France by a well-turned

letter to Napoleon, congratulating him on restoring religion

to France once more. In 1806 he did return; in 1807

he was again received into the Acadeiny; and in 1810, on

the refusal of Cardinal Fesch, was made archbishop of

Paris. On the restoration of the Bourbons he was sum-

marily turned out of the Academy, and sent to Rome to

answer for his disobedience to the pope. There he was

imprisoned in the castle of St Angelo for six months, and

dieid in 1817, a year or two after his release, of disease

contracted in prison, and of chagrin.

There are two sides to Maory's character to be discussed. As a

critic he was a very able writer, and Sainte-Beuve gives him the

credit of discovering Bridaine, and giving Bossuet his rightful place

as a preacher above Massillon; as a politician, his wit and eloquence

make him a worthy rival of Jlirabeau, and an interesting character

in the early years of the Revolution. If in later years he forsook

his old tenets, and joined Napoleon, his punishment was terribly

severe, and it would have been a graceful act if Louis XVIII. had

remembered the courageous supporter of Louis XVI., and the pope

the one intrepid defender of the church in the states-general.

The (Eurres choisis ('u Cardinal Maury ib\o\i., 1842) contain what Is worth pre-

serving. For his life and character see Vie du Cardinal Maury par son nerfu,

1827; Ponjoulat, Cardinal Maury, ta rie It tes auvns, 1855; Salnte-Beuve,

Cauteries du Lundi^ vol. iv,

MAURY, Matthew Fontaixe (1806--87^), American

naval oBicer and hydrographer, was born iu Spottsylvaniu

county, Virginia, January 14, 1806. In 1826 he entered

the American navy as midshipman, circumnavigating the

globe in the "Vincennes," during a cruise of four years. In

1836 he was made lieutenant, and gazetted astronomer to

an exploring expedition. In 1839 he met with an accident

which resulted in permaneut lameness, and unfitted him

for active service. Maury was placed in charge of the

Depot of Charts and Instruments, out of which have grown

the United States Naval Observatory and the Hydrographic

Office. He laboured assiduously and with complete success

to place the depot in a state of efiSciency. While in the

" Vincennes," and in subsequent cruises, Maury made many
observations as to the winds and currents, and when in

charge of the Hydrographic Office he set himself to collect

further data by distributing to captains of vessels

specially prepared log-books. So successful was he in

this enterprise that in the course of nine years he had

collected a sufficient number of logs to make two hundred

manuscript volumes, each with about two thousand five

hundred days' observations. One result was to show the

necessity for combined action on the part of maritime

nations in regard to ocean meteorology. This 'fH. to ar
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jBternational conlerence at Brussels ia 1853, which pro-

^occd the greatebt benefit to navigation as well as indirectly

to meteorology. One result was the cstabliBliment of the

meteorological department of the Eugiish Board of Trade,

aiow known as th« Meteorological Uflice, which adopted

Maury's model log-books. In 1B53 he jjublished his Letters

•oa the Amazon and Atlantic Slopes of South America,

and in 1855 he was promoted to tbe rank of commander.

On the outbreak of the American civil war in 1801,

Jlaury threw in hb lot with the South, and, having lost

nearly his all, retired to England, where he was presented

with a handsome testimonial raised by public subscription.

Afterwards he became imperial commissioner of emigration

to Maximilian of ]\Ie.Tico, on whose death he took uphis

residence in Virginia, where he died on February 1, 1873.

In 1848 Maury piiljlis)ied a Treatise on Kavigation, which was

long used 03 a text-book in tlie UiiitcJ States navy. The work,

Ijowcvcr, by wb'ich ho is best known is hia I'liysical Gcorjrctjilnj of

tke Sea, tlie first edition of wliich was pnUishad in London in

1855, and in New York in 1S56; it was tr.anslatod into several

JCnropean languages. The theories which it contains are now

iggnerally admitted to be quite erroneous. JIaury's reputation rests

on the erainent services he rendered to navigation and meteorology,

lie Laving been the first to show Low the latter uould be raised to

the certainty of a science. He was essentially a practical man ; his

jjrcat aim was to render navigation more secure and economical, and

in this ho was eminently successful. Other works published by

llaury are the papers contributed by him to the Astrmwmical.

Observations of the United States Observatoiy, Letters concerning

Lines for Steamers crossing the Atlantic (1854), riiijsica.1 Geography

<1864), and Manual of Geography (1871). hi 1859 ho began the

jnblication of a series of nautical monographs.

MAUSOLUS, or according to his coins Maussolus

<Mov'(roruXo9), a king of Caria, whose reign probably began

in 377 and terminated with his death in 353 B.a Tbe part

le took in the revolt against Artaxer.\es Memnon, his con-

quest of Lydia, Ionia, and several of the Greek islands

along the coast, his co-operation with the llhodians and

their allies in the war against Athens, and the removal of

iiis capital from Jlylasa, the ancient seat of the Carian

Itinga, to the city of Halicarnassus are the leading facts of

iis history. He is best known, however, from the tomb
erected for him by his widow Artemisia with such cultured

magnificence that the name of mausoleum has become the

generic title of all similar monuments. One of the most

cnrious of the inscriptions discovered at Mylasa details the

punishment of certain conspirators who had attempted the

life of Mausolus when he was attending a festival in a

temple at Labranda. See H.\licaena8sus.

MAXENTIUS, Marcus Aueelihs Valerius, Koman
emperor from 30G to 312, was the son of Maximianus
Herculius, and the son-in-law of Galerius, but on account

of his vices and incapacity was left out of account in the

division of the empire which took place in 305. A variety

*»f causes, however, had produced strong dissatisfaction at

Rome with many of the arrangements established by
Diocletian, and tho public discontent on October 28, 306,

found expression in tho massacre of those magistrates who
maintained their loyalty to Severus and in the election of

Maxentins to tho imperial dignity,—an election in which
the rest of Italy, as well as Africa, concurred. With tho

lielp of his father, Maxeutius was enabled to put Severus

to death and to repel the invasion of Galerius ; his next
atopg were first to banish Maximian, and then, after

•ehieving a militarysuccess in Africa against one Alexander,

So declare war against Constantino for the conduct towards

Hio old emperor of which he in turn had been guilty at

llarseillcR. Tho contest resulted in the defeat of Maxcntius
at Saxa Rubra, and his death by drowning in the Tiber at the

Milvian Bridge on October '2S; 312. (.See Constantine.)
The gomral testimony to the worthlesaness and brutality

•f his -kKiaractcr is unambiguous and unanimous ; less

«)>parent are the gronnds for the particular Btatcmout of

Gibbon that he was "just, humane and even m.fA&!

towards the afl3icted Christians."

MAXIMA AND MINIMA. The consideration of the

greatest or the least value of a variable quantity, that if

restricted by certain conditions, is a problem of which

several simple cases were investigated by the early Greek

geometei-s. Thus in Euclid iii. 7, 8 we find the determina-

tion of the greatest and least right lines that can be drawS,

from a point to the circumference of a cii'cla * But thf

most characteristic problem of the kind in Euclid is that

contained in vi. 27, 28, 29. Thus prop. 27, when reduced

to its simplest form, is equivalent to the statement that if a

right line be bisected the rectangle under the segments is

greater than that under tho.sc made by any other point of

division. Props. 29 and 30 arc, when considered algebrai-

cally, reducible to tbe solution of the equations x{a -x) — >^

and x{a + x) = h-, coupled with the determination of the

maximum value of b for which the solution of tho former

is possible (see Matthiessen, Grundziige der anlUsat vnd

modenien AUjehra, Leipsic, 1878). Apollonius extended

the investigation of Euclid, bk. iii., to the problem of thf

greatest and least distances of a point from an ellipse,

showing that it depended on drawing normals from the

point to the curve ; and he reduced the latter problem tc

finding the points of intersection of the ellipse with s

certain hyperbola.

The nest remarkable problems on maxima and minima

are said to have been investigated by Zenodoms,' and were

preserved by Papp'as and Theon of Alexandria. ,0f these

we may mention the following:—(1) among regular

polygons of equal perimeter that of the greatest number

of sides contains the greatest area ; (2) of polygons of thi;

same perimeter and the same number of sides the regular

polygon contains the greatest area
; (3) the circle con-

tains a greater area than any other curve or polygon of

the same perimeter ; (4) the sphere contains the greatest

volume for a given superficial area.

In the progress of mathematics the terms maxima and

minima have come to be used to imply, not the ab3oli.''..«<!j

greatest and least values of a variable magnitude, but thb

value which it has at the moment it ceases to increase and

begins to decrease, or vice versa. For example, if it be

said that the height of the barometer is a maximum at any

instant it means that up to that time the barometer was

rising and then began to fall. In this way it is possible

that there should be several maxima and minima in the

course of one day, and that one of the minima should be

greater than one of the maxima.

The theory of maxima and minima, in the differential

calculus point of view, is very simple. Thus, if « be a

given function of a variable a-, the values of x for which u
has a maximum or a minimum value are, in general, de-

termined by the equation ^ = . Again, if a be a func-

tion of two variables x and y, then the maximum or

minimum values of u must satisfy the equations ;^
= and

dn

<f'J

= 0. There is, however, no real maximum or minimum

solution if \jtj-) is greater than 7-1 j4 • ^ -A- short ac-

count of this method, illustrated by examples, is giyen .in

vol. xiii. pp. 23, 21.

John Bernoulli's problem \AttA ErudilorunL, Jnae 169G)

of the " brachjstochrone." i.e., of the curve of quickest

descent under the action of gravity, differed essentially

* Wontucla {Jlist. de Math., torn. i. p. il3j erroneously attributed

these theorems an isoperimelry to Pjtbagoras, but Lis statement t-

Imsed on a misinterpretation of A pawtigc in Dio«:ni;:: Loertius. Btf

Sntaohneider, Vie Ocomeirie vor JCiCdid-A^^xi. ^- ^^-
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from all problems on max'.ma and minima which Lad been

previously solved. li\ this ha introduced into mathematics

the conception of a new and most important class of

problems. James Bernoulli, also, in his solution of this

problem of his brother, proposed a more general question,

which may be stated as follows :
—" Of all curves of the

same length described on a given base to determine one

such that the area of a second curve, each of whose

ordinates is a given function of the corresponding ordinate,

or arc, of the first, may be a maximum, or a minii um."

Such problems were styled " isoperimetrical," and come

under a class now called relative maxima and minima, in

which the maximum or minimum curve is to be determined,

not from, all possible curves, but from among those which

possess a given property. The investigations of the

Bernoullis were extended and generalized by other eminent

mathematicians, but more especially by Euler, and cul-

minated in the invention of the calculus of variations, with

an appropriate notation, by Lagrange.

MAXIMIAISrUS,MAKCusAuEELius Valerius, surnamed

Heeculius, Roman emperor from 286 to 305, and again

in a doubtful manner for some time prior to 308, was by

birth a Pannoniau peasant, but achieved great distinction

in the course of long service in the army in almost every

quarter of the empire, and, having been made Ctesar by

Piocletian in 285, received the title of Augustus in the

following year (April 1, 286) with the honorary appel-

lation of Herculius. In 287 he suppressed the rising of

the peasants (Bagaudse) in Gaul, but in 289, after a three

years' struggle, his colleague and he were compelled to

acquiesce in the assumption by his lieutenant Carausius

of the title of Augustus in Britain, After 292, Maximian
left the care of the Ehine frontier to Constantius Chlorus,

wliQ,had been designated Caesar in that year, but in 297

his arras achieved a rapid and decisive victory over the

barbarians of Mauretania, and iti November 303 he shared

at Rome the triumph of Diocletian, the last pageant of the

kind ever witnessed by that city. On May 1, 305, the

day of Diocletian's abdication, .he also, but without his

colleague's sincerity, divested himself of the imperial dignity

nt Milan, which had been Jiis capital, and retired to a

villa in Lucania ; in the following year, however, he was

induced by his son Maxentius to reassume.the purple. In

307 he brought the emperor Severus a captive to Rome,

and also compelled the retreat of Galerius, but in 308 he

was himself driven by Maxentius from Italy into lUyricum,

whence again he was compelled to seek refuge at Aries,

the court of his son-in-law Constantine. Here a false

report was received, or invented, of the death of Con-

stantine, at that time absent on the Rhine, and Maximian

at once grasped at the succession, but was soon driven to

Marseilles, where, having been delivered np to his pursuers,

he strangled himself in 310 (February).

MAXIMIANUS, Oaleeius Valeeius, usually referred

to by his name Galerius, Roman emperor from 305 to

311, was born near Sardica in Dacia, and originally followed

his father's occupation, that oi a herdsman, whence his

surname of Armentarius. He served with distinction as

a soldier under Aurelian and Probus, and in 292 was

designated Caesar along with Constantius, receiving in

marriage Diocletian's daughter Valeria, and at the same

time having assigned to him as his special charge the care

of the Illyrian provinces. In 296, at the beginning of the

Persian war, he was removed from the Danube to the

Euphrates ; his first campaign ended in a crushing defeat

on the same field as that which had proved fatal to Crassus,

but in 297, advancing through the mountains of Armenia,

and taking the enemy by surprise, he gained a victory over

Narses by which his military reputation was more than

Testored. In 305, on the abdication of Diocletian and

Maximian, he at once assumed the title of Augustus, along
with Constantius his former colleague, and, having pro-
cured the promotion to the rank of Csesar of Severus, a
faithful servant, and Daza (Maximinas), his nephew, he
hoped on the death of Constantius to become sole master
of the Roman world. This scheme, however, was defeated
by the sndden elevation of Constantine at Tork on the

death of his father, and by the action of Maximian and
Maxentius in Italy. After an unsuccessful invasion of

Italy in 307 he elevated his friend Licinius to the rank of

Augustus, and, moderating his ambijion, devoted the few-

remaining years of his life "to the enjoyment of pleasure

and to the execution of some works of public utility." He
died—of the morbus pedicidaris, it is said—in Jfay 311.

It was at the instance of Galerius that the first of tbo

celebrated edicts of persecution against the Christians wa.^

published, on February 24, 303, and this policy of repres-

sion was maintained by him until the appearance of the

general edict of toleration, running in his own name ami

in those of Licinius and Constantine.

MAXIMILIAN L (1459-1519), holy Roman emperor,

the son of the emperor Frederick III., was born on the 22d
of March 1459. In 1477 he married Mary, daughter of

Charles the Bold of Burgundy, thus securing for his family

the possessions of the house of Burgundy ; and by the mar-

riage of his son Philip with the infanta Joanna in 1496 he

prepared the way for the association of Spain with the empiie

under his grandson, Charles V. In 1486 JIaximilian wra
chosen king of the Romans, and in 1493, after the death of

his father, he succeeded to the imperial throne. During the

reign of Frederick IIL the system of private war created

profound discontent, and there were urgent demands for the

reform of imperial institutions. Maximilian was never

thoroughly in sympathy with this movement, but at his first

diet, in 1495, he declared a perpetual public peace ; and he
did something for the restoration of order by the establish-

ment, in the same year, of the imperial chamber (lieichs/iam-

mergericht), and, in 1501, of the imperial Aulic council

(Reichshofiatli). Another important change was the

division of Germany into sis, afterwards (in 1512) into

ten, circles {Kreise), over each of which was placed a

captain with a force for the punishment of disturbers of

the peace. Standing troops, called Landsknechte, were for

the first time organized by Maximilian, who also improved

the artillery then in use, and issued good police regjla-

tions. He encouraged science, art, and literature, devoted

much attention to the universities, especially those of

Vienna and Ingolstadt, collected mediaeval poems, and

caused copies to be made of ancient chronicles and other

important manuscripts. Through the influence of his

second wife, Blanca Sforza, daughter of Duke Galeazzo

Sforza of Milan, he was induced to contend for supremacy

in Milan and Naples ; but his resources were inadequate

for war on equal terms with the kings of France, Charles

VilL and Louis XIL In 1499 he carried on an unsuc-

cessful war with the Swiss confederates, the result of which

was that, by the peace of Basel, the confederates became

practically independent of the empire. On the other hand,

he was singularly fortunate in increasing the power of the

house of Austria. By the death of his cousin, the arch-

duke Sigismund, he inherited Tyrol ; he also received

G6r.5, Gradisca, the Pusterthal, and a part of BavaHa;

and by the marriage of two of his grandchildren with

children of the king of Hungary and Bohemia he took the

Erst step towards the ultimate incorporation of these

countries with the Austrian hereditary territories. He
wrote several books, and planned the " Weiss-Kunig," a

kind of poetical autobiography, completed by his private

secretary, Treiz^aurwein von Erentreiz. Maximilian had

some part also in the preparation of Theuerdank, .la
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tftlegory setting forth adventures in connexion with his

marriage with Mary of Burgundy. At Wels, in Upper

Austria, on the 12th of January 1519, he died.

See Klupfel, Kaiser Maximilian I., 1864.

MAXIMILIAN II. (1527-1576), holy Roman emperor,

son and successor of Ferdinand I., was born at Vienna

on the Ist of August 1527. He was of a mild and tolerant

disposition, and in youth received a favourable impression

of Protestantism from his tutor, Wolfgang Severus,—an

impression which was not effaced by a residence of three

years at the Spanish court. In 1502 he became king of

Bonemia and king of the Romans, in 15G3 king of

Hungary, and in 1564 emperor. At tho time of his

accession to the imperial throne Hungary was at war with

Turkey. The sultan Soliman II. was conciliated by the

cession of all the territories he had conquered in Hungary,

and by the promise of a yearly tribute of 300,000 florins.

Soon afterwards Soliman renewed the war on behalf of the

prince of Transylvania; but after his death in 1566 his

successor, Selim, concluded with Maximilian an armistice

of eight years. JIaximilian's brothers, Ferdinand and

Charles, fought incessantly against Protestantism in their

respective lands ; but it was tolerated by Maximilian in

Austria, Bohemia, and Hungary. His authority, however,

was greatly limited by the influence of the Jesuits. He
died on the 12th of October 1576. Of his eight children

(six sons and two daughters) two—Rudolph II. and

Matthias—became emperors.

See Koch, QiuUen zur Gtschichle des Kaisers ifaximilian II.,

18.17-61; and Wertheimer, Zur Oeschichte des Tilrkenkriegs Maxi-
tailians II., 1875.

MAXIMILIAN (1832-1867), archduke of Austria

(Ferdinand Maximilian Joseph) and emperor of Mexico,

was the second son of the archduke Francis Charles, and
was born in Vienna on July 6, 1832. He was trained for

the navy, and ultimately attained a high command in that

branch of his country's service. In February 1857 he was

Appointed governor of the Lombardo-Venetian kingdom,

and in the same year he married the Princess Charlotte,

daughter of Leopold I., king of the Belgians. On the

outbreak of the war of 1859, he retired into private life,

chiefly at Trieste, until 1863, when at the instance of

Napoleon III. he accepted the crown which had been

offered to him by the notables of Mexico. He landed at

Vera Cruz on May 28, 1864, but from the commencement
of his reign found himself involved in difficulties of the

most serious kind, which in 1866 made apparent to

almost every one outside of Mexico the necessity for his

abdicating. This, however, he declined to dck With-

drawing, in February 1867, to Quert5taro, he there sustained

a siege for several weeks, but on May 15 resolved to

attempt an escape through the enemy's lines. He was,

however, arrested before he could carry out this resolution,

and, after trial by court martial, was condemned to death.

The sentence was carried out on June 19, 1867. His

remains were coDveyed to Vienna, where they were buried

in the imperial vault early in the following year. See

Msxicp. Maximilian's papers were published in 1867 ia

seven volumes, under the title Aus meinem Leben, lieise-

tkiz^en, Aphorismen, kc
MAXIMINUS, Caius Juxnrs Veeus, Roman emperor

from 235 to 238, was of barbarian parentage, his father

being a Goth and his mother an Alan, and was born in a

village on the confines of Thrace, where his immense
stature and enormous feats of strength first drew the

attention of the emperor Septimius Severus. From being

a shepherd he became a soldier, and under Caracalla rose

to the rank of centurion. He carefully absented himself

from court during the reign of Elagabalus, but rose to tho

first military command uuder his successor Alexander

Severus. On March 19, 235, the troops saluted aim
emperor, and shortly afterwards Alexander was put to

death. The three years of his reign, which were spent

wholly in the camp, were marked by great cruelty and
oppression ; the widespread discontent thus produced

culminated in a revolt in Africa and the assumption of

the purple by Goedianus {q-v.). Maximiu, who was in

Pannonia at the time, marched against Rome, and passing

over the Julian Alps descended on Aquileia ; while detained

before that city he and his son were murdered in their tent

b}- a body of prKtorians. Their heads were cut off and

despatched to Rome, where they were burnt on the Campus
Martius by the exultant crowd (May 238).

MAXIMINUS, Galerius Valerius, Roman emperor

from 308 to 314, was originally an Illyrian shepherd, and

bore the name of Daza. His mother was a sister of him
who afterwards became the emperor Galerius. He rose to

high distinction after he had joined the army, and in 305
he was raised by his uncle to ihe rank of Caesar, with the

honorary appellation of Jovius, Syria and Egypt being the

government assigned to him. In 308, after the elevation

of Licinius, he insisted on receiving the title of Augustus

;

on the death of Galerius in 311 he succeeded to the

supreme command of the provinces of Asia, and, when
Licinius and Constantine began to make common cause

with one another, Maximin entered into a secret alliance

with JIaxentlus. He came to an open rupture with

Licinius in 313, sustained a crushing defeat in the

neighbourhood of Heraclea on April 30th, and, having fled

with extraordinary celerity first to Nicomedia and aftpr-

wards to Tarsus, perished at the latter city in August

following. His death was variously ascribed " to despair,

to poison, and to the Divine justice." Maximin, in every

respect a worthless character, has a bad eminence in the

annals of the Christian church as having renewed persecu-

tion after the publication of the toleration edict of

Galerius.

MAXIMUS, the name of four Roman emperors. In

chronological order the Jrst was M. Clodius Pupienus

Maximus, who was associated with Balbinus in the

imperial dignity by the -senate for a short time in 238,

before and after the death of the hated Maximin. The
second was Magnus Clemens Maximus, a native of Spain,

who shared the imperial dignity with Valentinian and

Theodosius from 383 to 388. He had accompanied

Theodosius on several expeditions, and from 368 held

high military rank in Britain. The disaffection of the

Roman troops towards the emperor Gratian found expres-

sion in 583 in the proclamation of Maximus as emperor,

—whether with or without his complicity ia the act is

uncertain. Voluntarily or under compulsion Maximus
forthwith attacked Gratian in Gaul, and drove him from

Paris to Lyons, where the fugitive was murdered. Circum-

stances made it difficult for Theodosius at the time to

avenge the death of his colleague by war, and an agree-

ment was therefore come to by which Maximus was recog-

nized as Augustus and sole emperor in Gaul, Spain, and

Britain, while Valentinian was to remain unmolested in

Italy and lUyricum, Theodosius retaining his sovereignty

in the East. A prosperous reign of four years having

tempted Maximus, in 387, to pass the Alps, Valentinian

was speedily put to flight, while the invader established,

himself in Milan, and for the time became ipaster of Italy.

Theodosius now took vigorous measures : advancing a

powerful army by land, he utterly defeated the western

troops at Siscia (Sciszek) in Pannonia, and, passing the

Julian Alps with great rapidity, came upon Maximus, who
had fled to Aquileia, seized him, and caused him to b.e

beheaded (August 388). The third, Maximus Tyrannus, was

1
made emperor in Spain by the Roman general Gerontiu*.
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who had rebelled against Constantiae in 408. After the

defeat of Gerontius at Aries, and his subsequent death in

411, Maximus renounced the imperial title and was per-

mitted by Constantino to retire into private life. About

418 he rebelled again, but, failing in his attempt, was

seized, carried into Italy, and put to death at Ravenna in

423. Lastly, Petronius Maximus was a member of the

higher Roman nobility, and had held a large number of

public offices, including those of priefectus Rom» (420) and

of praefectus Itaiise (439-441 and 445). He was one of

the intimate associates of Valentinian, who received his

assistance in the palace intrigues which led to the death of

Aetius in 4-54; but a brutal outrage committed on the wife

of Maximus ty the emperor turned his friendship into the

bitterest hatred. Maximus was proclaimed emperor im-

mediately after Valentinian's murder ia ilarch 455, but

reigned for less than three months, having been murdered

by some Burgundian mercenaries as he was flying before

the Vandals, who, invitee!, by Eudoxia, the widow of

Valentinian, had landed at the mouth of the Tiber (May

or June 455).

MAXIMUS, St,- abbot of Chrysopolis, known as " the

Confessor " from his orthodox zea! in- the Monothelite con-

troversy, or as " the monk," was born of noble parentage

at Constantinople about the year 580. Educated with

great care, he early became distinguished by his talents

and acquirements, and some time after the accession of the

emperor Heraclius in GIO was made his private secretary.

In 630 he abandoned the Becular life and entered the

monastery of Chrysopolis (Scutari), actuated, it was

believed, less by any longing for the life of a recluse than

by the dissatisfaction he felt with the Monothelite leanings

of his master. The date of his promotion to the abbacy is

uncertain. In 633 ho was one of the party of Sophronius

at the council of Alexandria ; and in 645 he was again in

Africa, wheu he held in presence of the governor and a

number of bishops thp disputation with Pyrrhus, the

deposed and banished patriarch of Constantinople, which

resulted in. the (temporary) conversion of his interlocutor

to the Dyothelite view. In the following year several

African synods, held under the influence of ^Maximus,

declared for orthodoxy. In 649, after the accession of

Martin L, he went to Rome, and did much to fan the zeal

of the new pope, who in October of that year held the

(first) Lateran synod, by which not only the MonotheUte

doctrine but also the moderating ect/iesis of Heraclius and

ti/pus .of Constans II. were anathematized. About 653

Maximus, for the' part he had taken against the latter

document especially, was apprehended by order of

Gonstans and carried a prisoner to Constantinople, and in

655, after repeated examinations, in which he maintained

kis theological opinions with memorable constancy, was

banished to Byzia in Thrace, and afterwards to Perberis.

In 662 he was again brought to Constantinople and was

condemned by a synod there to be scourged, to have his

tongue cut out by the root, and to have his right hand
chopped off. After this sentence had been carried out he

was again banished to Lazica, where he died on August 13,

662. He is venerated as a saint both in the Greek and in

the Latin Church,—in the former on January and on
August 12t;h and 13th, in the latter on August 13th.

A collection of his works, which are of importance for the history

of the Monothelite controversy, was undertaken by Combe6s, who
published two volumes <a 1675 (S. ilaximi dnfesaoris, Greecorum
Theologi, eximitfiut Philosophi Cpsra), but did not live to complete
his labours. A list of the mere impiyrtaat ot the writings of J-iaxi-

mos, with bibliographical details, will be found in Sxmth'sDiUionary
of Biography and Myihuhgy ; an exhaustive " Catalogue raisonn^,"
by Wapenraann, occurs vi v d1. ii. (1881) of the new edition of Her-
log's Seal-Encyklopadil. The details ot the disputation with
Pvrrhus and of the martyrdom are given very fully and clearly in
llcfc'.c's Conc-gesch.. vol. lii

MAXWELL, Jamjk Ci^ebs. (1831-1879), was the Io»

representative of a j'ounger branch of the well-known
Scottish family of Clork of Penicuik He was educated at

the Edinburgh Academy (1840-47) and the university

of Edinburgh (1847-50). Entering at Cambridge in 1850,
he spent a term or two in Peterhouse, but afterwards

migrated to Trinity. He took his degree in 1854 as

second wrangler, and was declared equal with the senior

wrangler of his year in the higher ordeal of the Smith's
prize examination. He held the chair of natural philosophy

in Marischal College, Aberdeen, from. 1856 tin the fceioB

of the two colleges there in 1860. For eight years

subsequently he held the chair of physics and astronomy
in King's College, London, but resigned in 1868 and
retired to his estate of Glenlair in Kirkcudbrightshire.

He was summoned from his seclusion in 1871 to become
the Erst holder of the newly-founded professorship of

experimental physics in Cambridge ; and it was under his

direction that the plans of the Cavendish laboratory were

prepared. He superintended every step of the progress of

the building and of the purchase of the very valuable collec-

tion of apparatus with which it was equipped at the expense

of its munificent founder the duke of Devonshire (chancellor

of the university, and one of its most distinguished

alumni). So far for the outline of Maxwell's career, as

regards dates, official work, ifec. The rest belongs almost

exclusively to mathematical and physical science. For more
than half of his brief life he held a prominent "position in the

very foremost rank of natural philosophers. His contribu-

tions to scientific societies began in his fifteenth year, when
Professor J. D. Forbes communicated to the Royal Society

of Edinburgh a short paper of his on a mechanical method
of tracing Cartesian ovals. In his eighteenth year, while

ctill a student in Edinburgh, he contributed two valuable

papers to the Transa<iioHS of the same society—one of

which, " On the Equilibrium of Elastic Solids," is remark-

able, not only oc account of its intrinsic power and the

youth of its author, but also because in it he laid the

foundation of one of the most singular discoveries of his

later life, the temporary double refraction produced in

viscous liquids by shearing stress. Immediately after

taking his degree, he read to the Cambridge Philosophical

Society a- very novel memoir On the Tranfformation of

Surfaces by Bending. This is one of the few purely

mathematical papers he published, and it exhibited at

once to experts the full genius of its author. About the

same time appeared his elaborate memoir On Faraday's

Lines o//'orce, in which he gave the first indication of

some of those extraordinary electrical investigations wfcicb

culminated in the greatest work of his life. He obtained

in 1859 the Adams prize in Cambridge for a very original

and powerful essay On the Stability of Saturn's Bxnys.

From 1855 to 18'X2-he published at intervals a series of

valuable investigations connected with the Perception of

Colour and Colour-Blindhess. For the earlier of
_
these

he received the Rumford medal 'in 1860. The instru-

ments which he devised for these investigations were

simple and convenient, but could not have been thought

of for the purpose except by a man whose knowledge was

co-extensive with his ingenuity. One of his greatest

investigations bore on the Kinetic Theory of Gases.

Originating with D. Bernoulli; this theory- was advanced

by the successive labours of Herapath, Joule, and partir

cularly of Clausius, to scch an extent as to put its general

accuracy beyond a doubt. Hut by far the greatest develop-

ments it I'.as reie'ved are due to Maxwell, part of whose

mathematical work has recently been still further extended

in some directions by Bolzmann. In this field Maxwell

appears as an experimenter (on the laws of gaseous friction)

aa well aa a mathematician. His two latest papers deal
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with tbis branch of physics ; one is an extension and

simplification of some of IJolzmann's chief results, the other

treats of the kinetic tiiBory as applied to the motion of the

radiometer. He has written an admirable text-book of the

Theory of Heat, which has already (1882) gone through

several editions, and a very excellent elementary treatise

on Matter aiid Motion. Even this, like his other and

larger works, is full of valuable matter, worthy of the most

attentive perusal not of students alope but of the very

foremost scientific men.

But the great work of his life was devoted to electricity.

He began by reading with the most profound admiration

and attention the whole of Faraday's extraordinary self-

revelations, and proceeded to translate the ideas of that

master into the succinct and expressive notation of the

mathematicians. A considerable part of this translation

was accomplished during his career as an undergraduate in

Cambridge. The Vriter had the opportunity of perusing

the MS. on Faraday's Lines of Force, in a form little

d'ffereut from the final one, a year before Maxwell took

his degree. His great object, as it was also the great object

of Faraday, was to overturn the idea of action at a

distance. The splendid researches of Foisson and Gauss

had shown how to reduce all the phenomena of statical

electricity to mere attractions and repulsions exerted at a

distance by particles of an imponderable on one another.

Sir W. Thomson had, in 1846, shown that a totally

different assumption, based upon other analogies, led (by its

own special mathem?tical methods) to precisely the same
results. He treated the resultant electric force at any
point as analogous to the Jlux of heat from sources distri-

buted in the same manner as the supposed electric particles.

This paper of Thomson's, whose ideas Maxwell afterwards

developed in an extraordinary manner, seems to have given

the first hint that there are at least two perfectly distinct

methods of arriving at the known formul® of statical

electricity. The step to magnetic phenomena was compara-

tively simple ; but it was otherwise as regards electro-

magnetic phenomena, where current electricity is essentially

involved. An exceedingly ingenious, but highly artificial,

theory had been devised by Weber, which was found
capable of. explaining all the phenomena investigated by
Amp6re, as well as the induction currents of Faraday. But
this was based upon the assumption of a distance-action

between electric particles, whose intensity depended on their

relative motion as well as on their position. This was, of

course, even more repugnant to Maxwell's mind than the

statical distance-action developed by Foisson. The first

paper of Maxwell's in which an attempt at an admissible

physical theory of electromagnetism was made was communi-
cated to the Royal Society in 1867. But the theory, in a
fully developed form, first appeared in his great treatise on
Electricity and Magnetism (1873). This work, already in

a second edition, is one of the most splendid monuments
ever raised by the genius of a single individual. Availing
himself of the admirable generalized coordinate system of

I,ngrange, Jfaxwoll has shown how to reduce all electric

and magnetic phenomena to stresses and motions of a
material medium, and, as one preliminary, but excessively
severe, test of the truth of his theory, has shown that (if

the electromagnetic medium be that which is required for

the explanation of the phenomena of light) the velocity of
light ir vacuo should be numerically the same as the ratio
of the electromagnetic and electrostatic units. We do
not as yet certainly know either of these quantities very
exactly, but the means of the best determinations of each
separately agree with one another more closely than do the
various values of either. There seems to be no longer
any possibility of doubt that Maxwell has taken the first

grand step towards tlic discovery of the true nature of

electrical phenomena. Had he done sxothing but this, his

fame would have been secured for all time. But, striking

as it i?, this forms only one small part of the contents of

his truly marvellous work.

One of his last great contributions to science was his

editing (with copious original notes) the Electrical

Researches of the lion. Henry Cavendish, which had been
altogether unappreciated by the witlings to whom they had
previously been confided. It now appears that Cavendish,

already famous by many other researches (such as the mean
density of the earth, the composition of water, ic), must
be looked on a-s, in his day, a man of Maxwell's own stamp
as a theorist, and an experimenter of the very first rank.

This encyclopaedia has been, in its scientific aspects,

greatly indeljted to Clerk Maxwell. The articles Atom,
Attraction, Capillarity, Diffusion, Ether, &c., were

intended as parts merely of one comprehensive system, in

which a general r6sum6 of all that is known of the pro-

perties of matter should be given in simple yet profound

completeness. The reader of these articles cannot but feci

how much has been lost when this splendid series cannot

be completed by its initiator.

In private life Clerk Maxwell was one of the most lovable

of men, a sincere and unostentatious Christian. Though
perfectly free from any trace of envy or ill-will, he yet

showed on fit occasion his contempt for that pseudo-science

which seeks for the applause of the ignorant by professing

to reduce the whole system of the universe to a fortuitous

sequence of uncaused events.

His collected works will shortly be issued from the Pitt

press; and an extended biography, by his former school-

fellow and lifelong friend Professor Campbell, has just

been published (1882). (p. g. t.)

MAXWELL, Sir William Stirling-, Bart. (1818-

1878), man of letters, the only son of Mr Archibald

Stirling of Keir, Perthshire, and of Elizabeth, second

daughter of Sir John Maxwell, seventh baronet of Pollok,

Renfrewshire, was born at Kenmure, near Glasgow, in 1818.

William Stirling was educated at Trinity College, Cam-
bridgej where he graduated in 1839, and afterwards he

spent some years on the Continent chiefly in France and
Spain. Having succeeded his father as proprietor of Keir

in 1846 (when he was made vice-lieutenant of Perthshire),

he in 1852 entered parliament as member for that county
;

and he was several times re-elected. On the death of his

uncle in 1865 he succeeded to the baronetcj' and estates

of Pollok, in respect of which he assumed the additional

name of Maxwell. In the same year he became deputy-

lieutenant of Lanarkshire, and a like office was conferred

on him in Renfrewshire in 1870. The services which his

talent, energy, and wealth enabled him to render to

literature were recognized in a great variety of ways by
numerous universities ; in 1863 he was chosen lord rector

of St Andrews, in 1871 the same honour was conferred

by Edinburgh, and in 1875 he became chancellor of

Glasgow. In the following year he was created a Knight

of the Thistle, being the only commoner of the order. He
died at Venice on January 15, 1878.

Sir W. Stirling-Maxwell's works, which are invariably character-

ized by thoroughness of workmanship and re6ncmcnt of literary

taste, were in some cases issued for private circulation only, and
almost all of them are now exceedingly rare. They include an
early volume of verse {Songs of the Holy Land, 1847), and several

volumes containing costly rcproducjtions of old cngravinps, along

with valuable explanatory matter. His best-known publications

are Annals of the Artists of Spain (1848; 2d cd., 1S3»Y, The Cloister

Life of Charles V. (1852 ; 3d ed., 1853), and Vela:qua and his

Works (1855). A life of Don John of Austria, from his post-

humous papers, is now (1882) in the press.

MAY, the fifth month of our modern year, was the third

of the old Roman calendar. The name is of doubtful origin.

Ovid {Fa':', v. 483-90) suggests the three derivations o6
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majeslas, majores (the patres of the old Roman city), aud

Maia, the mother of Mercury, to whom the Romaua were

accustomed to sacrifice ou the first day of the month. It

was considered unlucliy among the Romans to contract

marriages during this month, on account of the celebration

of the Lemuria,—a superstition of which traces are still

to be found among ourselves. In the Roman Catholic

Church May is known as " the month of Mary."

May-day is the name given to the first day of the

month in England, when, according to ancient custom,

all ranks of the people rose at early dawn and went out

" a-Maying" to welcome the advent of spring. The customs

of the day chiefly took their rise with the Romans. In

the southern counties of England they differ materially

from those of the northern and western. That of gather-

ing branches of trees and flowers, to deck the person, is

still observed in many places.

The May-Pole was once general throughout the

country. The assemblage of the people, sanctioned by the

presence of the priests, marching on Jlay morning in pro-

cession to some neighbouring wood, returned in triumph

with the pole, round which were suspended flowers, boughs,

and other tokens of the spring season. On one of these

festive occasions, Henry ^^I^. assembled his court at

Shooter's Hill ; and Queen Elizabeth also used to keep
" May Games " at Greenwich. The ilay-pole, once fixed,

often remained until nearly the end of the year ; and there

were some specially made of durable wood, which remained

for many years, and were from time to time resorted to at

other seasons of festivity. The last May-pcjle erected in

London, 100 feet in height, was on the spot where the

church in the Strand now stands, near Somerset House.

Being taken down in 1 7 1 7-1 8 it was conveyed to Wanstead
Park in Essex, where it was fixed as part of the support of

a large telescope set up by Sir Isaac Newton. The May
Lady, Maulkin, Jack in the Green, and Morris Dancing
are merely variations in the mode of representing the

goddess Flora, The chimney sweepers, who are now the

principal performers, are probably more interested than

any other class in May sports. For, as the commencement
of summer deprives them in a considerable degree of their

business occupation, they naturally seek to avail themselves

of the customary liberality of festive meetings.

The other principal fixed days observed and noted in

the month are May 9, Half-Quarter-Dcy, and May lo,

Whitsunday term,—not to be confounded with Whit
Sunday, which is a movable feast.

MAYA. See Mexico.
MAYBOLE, a burgh of barony and market-town of

Scotland, in thu county of Ayr, 9 miles south of A^r on
the railway to Stranraer, is built on the face of a hill gently
sloping to the south. The characteristic features of the
place are the old family mansions in the main street, the
castle of the earls of Cassilis, and the old church ruins
with the Cassilis burial-place. It has recently increased
considerably in size, and it is now busy with various
manufacturing industries in addition to its staple trade of

shoemaking. The population was 3797 in 1871 and 4474
in 1881. New waterworks to supply 60,000 gallons daily
were commenced in 1882; the site of the reservoir, about
3 miles south-east of the town, is almost that of the
remarkable Lochspouts crannog (see Ayr and Wilton Arch,
and Hist. Collections, vol. iii. ; and Munro, Ancient Scottish
Lake Dwellings, 1882).

A charter was granted to the town by Duncan in 1193 ; and the
church was bestowed in 1216 on the Cistercian nunnery at North
Berwick. In 1516 Maybole became a burgh of regality, and in
1639 the seat of the head courts of Carrick ; but the independence
of its local government was long contested by tha superiors, the earls
of Cassilis. Cotton weaving was introduced in the 18th century.

See J. Paterson, History of Ayr and Wigton, vol. ii., 1864.

MAYENCE. See Mainz. •

MAYENNE, a department of north-western France,

three-fourths of which formerly belonged to Lower Maine
and the remainder to Anjou, lies between 47° 45' 10" and
48° 34' 30" N. lat., and 0° 2' R and 1° 14' W. long., and
is bounded on the N. by iianche and Orne, on the E.

by Sartha, on the S. by Maine-et-Loire, and on the W.
by lUe-et-Vilaine, having a maximum length from north

to south of 51 miles, a breadth of 39 miles, and an

area of 1996 square miles. Its ancient geological forma-

tions connect it with Brittany. The surface is agreeably

undulated ; forests are numerous, and the beauty of the

cultivated portions is enhanced by the hedgerows and
lines of trees by which the farms are divided. The
highest point of the department, and indeed of the wholu
north-west of France, is the Mont desAvaloirs (1368 feet).

Hydrographically Mayenne belongs to the basins of the

Loire, the Vilaice, and the S^lune ; 'tLie first-mentioned

hao the larger part of th'; entire area. The principal

stream is the Mayenne, which passes successively from
north to south through the three most important towns

—

Mayenne, Laval, and Chdteau-Gontier ; by means of weirs

and sluices it i« navigable below Mayenne, but steamers

do not ascend past Chateau-Gontier. The chief affluents

are the Jouanne on the left, and on the right the Col-

mont, the Ernfe, aud the Gudon. A small area in the

east of the department drains by the Erve into the Sarthe
;

the Vilaine rises in the west, and in the north-west

the S^lune flows into the English Channel. The climate of

Mayenne, which is that of the Sequaniap, ?egion, is gene-

rally healthy except in the neighbourhood of the numerous
marshes. The temperature is lower and the moisture ol

the atmosphere greater than in the neighbouring depart-

ments ; the rainfall is above the average for France.

Of the entire area tv.'o-thii'ds are arable, and a twentieth isnndei
wood. A large number of homed cattle are reared (98,000 oxen,
150,000 cows), and in no other French department are so many
horses (92,500) found within the same area ; the breed, that ol

Craon, is famed for its strength. Craon has also given its name tc

the most pri2ed breed of pigs in western France. There are 83,000
pigs in the department, 80,000 sheep, and 5000 goats. JIayenne
produces excellent butter, poultry, and game, and a large quantity
of honey. The cultivation of the vine is very limited, and the most
-common beverage is cider, of which nearly 9,000,000 gallons are

annually made. Agriculture is in a flourishing condition ; in 1878
were produced upwards of 3J million bushels of wheat, | million

of meslin, nearly an equal amount of rye, IJ million of barley, 2

million of oats, and nearly 3 million bushels of potatoes, besides a

large quantity of flax and hemp. The timber grown is chiefly beech,

oak, birch, elm, and chestnut. The department produces a little

iron-ore and manganese ; it is rich in anthracite and coal, of which,
however, the annual production has recently decreased from 80,000
tons to 60,000. Marble and granite, limestone, slate, and porphyry
are quarried ; the last-named material is capable of a fine polish,

and is also used for paving the streets of Paris. There are several

chalybeate springs. The industries include iron and brass found-
ing, brick and tile making, brewing, the manufacture of candles,

cotton, linen, and woollen thread, and the production of various tex-

tile fabrics (that of ticking being the specialty of the department),
agricultural implement making, wood and marble sawing, tanning,

dyeing, and the like. The population in 1881 was 343,167. The
arrondissements are those of Laval, Chateau-Gcntier, and Mayenne.

Mayenne, capital of an arrondissement in the above

department of France, is an old feudal town irregularly

built on two hillocks which overlook the river Mayenne,
at the point whepe the railway from Caen to Laval is

joined by that from Fougeres to Alen^on. The old castle

still has towards the river five towers, one of which
has retained its conical roof; the vaulted chambers and
chapel are ornamented in the style of the 13th century;

the building is now used as a prison. The church of Notre

Dame, dating partly from the 12th century, is the only

other building of any special interest In the Place de
Cheverus is a statue, by David of Angers, to the cardinaJ

of that name, who was born in Mayenne. The chief
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indastry of the place is the cloth manufacture, which

occupies 8000 persons in the town and neighbourhood.

The population in 1876 was 10,098.

Mayenne had its origin in the castle built here by Juhel, the son

of GoofTroy of Maine, in the beginning of the 11th century. It was
besieged by William the Conqueror, and afterwards by the earl of

Salisbury ; and the possession of it was disputed by the Royalists

and the Leaguers, as also by the Republicans and the Vendeans.

MAYER, JoHANN Tobias (1723-1762), one of the

greatest of last century's astronomers, was born at Marbach

in Wiirtemberg, February 17, 1723. He was brought up

at Esslingen in comparatively poor circumstances, and as a

mathematician was mainly self-taught. He had already

published several original geometrical tracts when, in

1746, ho entered Horaann's cartographic establishment at

Nuremberg. Here he introduced many improvements in

mi\p-making, and gained a scientific reputation which led

(in 1751) to his election to the chair of economy and

mathematics in the university of Gottingen. In 1754

he became superintendent of the observatory, where he

laboured with great zeal and success till his death, February

2'\ 1702. His first important astronomical work was a

ca-ofu' investigation of the hbration of the moon (Kosmo-

g^ aphische Nachrkhten, Nuremberg, 1750), the elements of

wbic'i and the position of the moon's axis of rotation he

ditei mined with much greater accuracy than had previously

b^en done. His great fame rests on his lunar tables, which

wiiro published in 1753 along with new solar tables, and
itiuuraitted to England in 1755. These tables, which

n°'.'e compared by Bradley with the Greenwich observa-

tions, and found to be sufficiently accurate to determine

the longitude at sea to within half a degree, solved the

pioblem of practically determining longitude anywhere on

the earth's surface. An improved set was afterwards

published in London (1770), as also the theory (Theoria

LuTuz juxia Systema Newtonianum, 1767) upon which the

tables are based. They were sSnt to England by his

widow, who in consideration received from the British

Government a grant of £3000. Appended to the London
edition of the solar and lunar tables are two short tracts,

--the one on determining longitude by lunar distances,

together with a description of the repeating circle (invented

by Mayer in 1760), the other on a formula for atmospheric

refraction, which applies a remarkably accurate correction

for temperature.

JIayer left behind him a considerable quantity of manuscript,
pirt of which was collected by Lichtenoerg and published in one
volume {Opera IncdUa, Gottingen, 1775) It contains, amongst
cither papers, an easy and accurate method for calculating eclipses;

an essay on colour, in which three primary colours are recognized; a

catalogue of nine hundred and ninety.«ight zodiacal stars ; and a

memoir, the earliest of any real value, on the proper motion of fixed

tstars, which was originally communicated to the Gottingen Royal
Society in 1760. The other part still remains in manuscript, and in-

cludes papers on atmospheric refraction (dated 1755), on the motion
of Mars as affected by the perturbations of Jupiter and the Earth
(iy58), and on terrestrial magnetism (1760 and 1762). In these last

Mhyer seeks to explain the magnetic action of the earth by a simple
h) pothesis. llo supposes a small bar-magnet to be placed with its

ccvitre at the earths centre, and calculates the position of cquili-

biium of a second small magnet at any given point on the earth's

8U face, assuming the law of magnetic attraction and repulsion to
be that of the inverse square. Though the values of the declina-
tiun and dip calculated according to this theory do not agree with
t!u observed values, Mayer must bo credited with the 6rst really

d( finite attempt to establish a mathematical theory of magnetic
action, and as the first who gave any experimental evidence in favour
of the inverse square of the distance as the law of force. Sec Ilan-
steen's ilagnetismus der Erde.

MAYER, Julius Robert (1814-1878), was born at

Heilbronn, Nov. 25, 1814, studied medicine at Tubingen,
Munich, and Paris, and, after a journey to Java in 1840 as

surgeon of a Dutch vessel, obtained a medical post in his
rivtivg town. He claims recognition as en indepundent a
pnori propounder of the " First L ,w af Thermodvnamics,"

but more especially as having early and ably applied that

law to the explanation of many remarkable phenomena,

both cosmical and terrestrial. His first little paper on the

subject, "Bemerkungeu iiber die Krafte der unbelebten

Natur," appeared in 1842 in Liebig's Annalen, five year*

subsequent to the republication, in the same journal, of an

extract from the great memoir of Mohr (qv.). Mayer's

statements as to the " indestructibility of force " (as he

calls it) were based almost entirely upon scholastic dicta,

such as cama seqnat effectum, etc. The main experimental

fact which ho adduces in support of his reasoning as to

the convertibility of work and heat is* a mere repetition,

in a very inadequate form, of a curious experiment made
by Dr Reade of Cork, who found {Nicholson's Journal, xx.,

1808, p. 113) that water was sensibly heated after being

violently shaken in a phial. But Dr Reade Etates explicitly

the precautions he had taken to protect the phial and

its contents from heating by the hand of the operator,

—

an important detail which is unnoticed by Mayer.

It has been repeatedly claimed for Mayer that he calculated the

value of the dynamical equivalent of heat, indirectly no doubt, but
in a manner altogether free from error, and with a result according

almost exactly with that obtained by Joule after years of patient

labour in direct experiinentiDg. Mayer assumed thet the heat

developed by compression of air is the equivalent of the work spent

in the compression. If we had independent proof of this the result

would undoubtedly follow.' And it has been urged that the man
who, by a single burst of genius, reached at once the goal which
others had been painfully seeking, merits an amount of fame com-
mensurate with that due to discoverers like Newton or Galileo.

This claim on Mayer's behalf was first shown to be baseless by
Thomson and Tait (" Energy," Good IVords, 1862). This article

gave rise to a long but lively discussion. A calm and judicial

annihilation of the claim is to be found in a brief article by Stokes,

Pi-oc. Jioy. Soc, 1871, p. 54. See also MaxvveJl's Theory of Heat,

chap. xiii. Mayer entirely ignored the grand fundamental
principle laid down by Sadi Carnot, a principle which has done
even more for physics than has the conservation of energy itself,

viz., that nothing can be concluded as to the relation between heat

and work from an experiment in which the working substance is

left at the end of an operation in a different physical state from
tliat in which it was at the commencement. Mayer has also been
styled the discoverer of the fact that heat consists in (the energy
of) motion, a matter settled at the very end of the 18th century by
Ri'mford and Davy. In the teeth of this statement we nave
Mayer's own words, " We might much rather assume the contrary,

—that in order to become heat, motion must cease to be motion."
Mayer's real merit consists in the fact that, having for himself

made out, on inadequate and even questionable grounds, the con-

servation of enerjry, and having obtained (though by inaccurate

reasoning) a numerical result correct so far as his data permitted,

he applied the principle with great power and insight to the ex-

planation of numerous physical phenomena. His papers, which
have been republished in a single volume with the title Die
Mcchanik der iVdrme (2d ed., Stuttgart, 1874), are of extremely

unequal merit. But some, especially those on Celestial Dynamics
and Organic tfolion, are admirable examples of what really valuable

work may be effected by a m.in of high intellectual powers, in spite

of imperfect information and defective logic.

Different, and, it would appear, exaggerated, estimates of Mayer
are given in Dr Tyndall's papers in the Pliil. Mag., 1863-64

(whose avowed object was " to raise a noble and a suffering man to

the position which his labours entitled him to occupy "), and in

the extraordinary treatise by Diihring, liohcrl Mayer, der Galilei

des neunzehnCcn Jahrhunderts, Chemnitz, 1830. Some of the

simpler facts of the case are summarized by Tait in the Phil.

Mag., 1864, ii. p. 289.

MAYHEM (Maim), an old term of the law signifying

an assault whereby the injured person is deprived of a

member proper for his defence in fight, e.c/., an arm, a leg,

a fore tooth, <S:c. The loss of an car, jaw tooth, &c., was
not mayhem. The most ancient punishment in English

law was retaliative

—

membrum pro membra, but ultimately

at common law fine and imprisonment Various statutes

were passed aimed at the offence of maiming and dis-

' Seguin, three years befcrc, had assumed that the work done by
steam or any other expanding substance is the equivalent of the beat

which disappears during the expansion. A similar idea, but mors
accurately expressed, is to bo found in Mohr's paper, above referred to.
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figuring, whicb is now dealt with by section 18 of 24 & 2C

Vict, c 100. Mayhem may also be the ground of a civil

action, which had this peculiarity that the court on eight

of the woifnd might increase the damages awarded by the

jury.

MAYKOP, a town of the Caucasus, Eussia, in the pro-

vince of Kuban, on the B^elaya, a tributary of the Kuban,

93 miles to the south-east of Yekaterinodar, the capital

of the province. Formerly it was merely a fortified

"stanitaa" (village of Cossacks) and the centre for mili-

tary operations against western Caucasus. But, owing to

its position in a very fertile country where iettlers from

Russia found plenty of rich soil which had been abandoned

by the natives, Maykop has become a wealthy town, and

its population has rapidly increased to 22,550. Most of

them are still agriculturists, but others are eugaged in a

brisk trade in the produce obtained from the large and

wealthy stanitsas of the surrounding district

MAYNOOTH, a village in the county of Kild&ro, pro-

vince of Leirster, Ireland, is situated on the Koyal Canal

and on the Midland Great Wes'.ern Railway, 15 miles north-

west of Dublin. The Royal Catholic College of Maynooth,

instituted by the Irish parliament in 1765, is the chief

seminary for the education of the Roman Catholic clergy

of Ireland. It was supported by a parliamentary grant

of £26,000 a year, which at the disestablishment of the

Irish Church in 1869 was commuted by the payment of a

capital sum fonrteeu times its amount. The building is a

fine Gothic structure by Pugin, erected by a parliamentary

grant obtained in 1846. Near the college stand the ruins

of Maynooth Castle, built in 1426, and formerly the

residence of the Fitzgerald family. It was besieged in the

reign of Henry VIII., in that of Edward VI., and during

the Cromwellian wars, when it was demolished. The

beautiful mansion of the duke of Leinster is about a mile

from the town.

MAYO, a maritime county on the west coast of Ireland,

province of Connangut, is bounded N. and W. by the

Atlantic Ocean, N.R by Sligo, E. by Roscommon, S.E.

and S. by Gal way. Its greatest length from north to south

is about 75 miles, and its greatest breadth about 65 miles.

The total area is 1,318,129 acres, or 2060 square miles.

About two-thirds of the boundary of Mayo is forced

by sea, and the coast is very much indented, and abounds

in picturesque scenery. The principal inlets are Killary

Harbour between Mayo and Galway ; Clew Bay, in which

are the harbours of- Westport and Newport ; Blacksod

Bay and Broad Haven, which form the peninsula of the

Mullet , and Killala Bay between Mayo and Sligo. The

islands are very numerous, the principal being Inishturk

(area 1445 acres, and population 132 in 1881), near Kil-

lary Harbour ; Clare Island (area 3949 acres, population

62) at the mouth of Clew Bay, where there are many
iskts all formed of drift; and AchU (area 35,838 acres,

population 5070), the largest island in Ireland. In the

eastern half of the county, where Carboniferous rocks

prevail, the surface is comparatively level, with occasional

hills consisting chiefly of granite and slate. The western

half is very mountainous, but there are a few valleys

adjoining the sea-shore. A great portion of the coast

extending from Killala to Clew Bay consists ol Old Red
and Yellow Sandstone. The remainder of the mountainous

regica consists chiefly of quartzite or alternating beds of

c jartzite and granite or gneiss schist. Muilrea (2688 feet)

n included in a mountain range, lying between Killary

Harbour and Lough Mask, which belorjs to the Upper
Silurian formation. The next highest summits are Nephin

(2530 feet), to the west of Lough Conn, and Croagh Patrick

(2370 feet), to the south of Clew Bay. The river iloy

Sows northwards, forming the boundary of the county

with Sligo, and falls into Killala Bay. The couraes m
the other streams are short, and except when swollen by
rains their volume is small The principal lakes are

fioagh Mask and Lough Corrib, on the borders of the

county with Galway, and Loughs Conn, Carrah, Castlebar,

CuUin, and Carrowmore. Limpstone is abundant, and

also iron ore, which, however, is not smelted, from want of

fuel There are several valuable slate quarries; and

ochrea, granite, and manganese are found.

Ac/riad'.ure.—There are some very fertile regions jo
the level portions of the county, but in the mountainous

districts the soil is poor, the holdings are subdivided

beyond the possibility of affording proper sustenance to

their occupiers, and, except where fishing is combined with

agricultural operations, the circumstances of the peasantry

are among the most wretched of any district of Ireland.

Id 1881 there w3re 179,34-3 acres, or less than one-eighth of the

whole area, under crops, while 545,040 were pasture, 10,702 woodi,

,ir'i 621, 673 waste. The total number of holdings in 1881 was

37,593, of which 22,914 were less than 15 acres in extent, and
9336 betreen 15 and 30 acres. The following table shows the

areas under the principal crops in 1855 and 1682 :

—
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iliJ almost annihilation of this tribe took place also in this county,

at Moytura near Cong. Along with the greater part of Connauglit

it was granted by Kiriy John to Hubert de Burgo, but after the

rebellion against William do Burgo, third earl, headed by JIac

William Oughter, the whole province of Connaught remained nearly

independent of British rule till the time of ilizabeth. In the

eleventh year of her reign Mayo was made shire ground, taking its

name from the monastery of Maio or Mageo, which was the see of

.1 bishop. Even, however, after this period the Mac Williams con-

tinned to exercise very great authority. Large confiscations of the

estates in the county were made in 1586, on the termination of tlic

war» of 1641, and after the restoration of the Stuarts. Killala was

the scene of the landing of a French squadron in connexion with the

rebellion of 1798.

There are four round towers in the county,—at Killala, Turlogh,

Meelick, and Bal oi- Ballagh. The monasteries were numerous,

and many of them of considerable importance—the principal being

those at Mayo, Ballyhaunis, Cong, Ballinrobe, BaUintober. Bur-

rishoole. Cross or H'olycross in the peninsula of Mullet, Moyne,
Rosserick, and Strade. Of the old castles the most notable are

Downpatrick, on a cliff 300 feet in height projecting into the sea,

Rocktleet near Newport, said to have been built by the celebrated

Grace O'Malley, Ballylahan Castle near Fo>d'ord, and Deel Castle

ntar Ballina, at one time the residence of the earls of Arran.

MAYOR. See MuxiciPALixy.

MAYOTTA. See Comobes, vol. vi. p. 2:!U.

MAYSVILLE, a city of the United States, tbe capital

of Mason county, Kentucky, lies on the south bank of the

Ohio, 69 miles north-east of Lexington by rail. Settled

in 1784 and incorporated in 1833, it has grown into a

busy place of 5220 inhabitants (1860), with several good

qndlic buildings, flour-mills, plough-factories, ic, and is

«nc of the principal bemp-markets in the States.

M^\JZvVMET, an industrial town in the department of

Taru, France, stands on the northern slope of the Monta-

gues Noires (part of the Cevennes), and on the Arnette, a

tributary of the Tarn by the Agout. In last century it

was an insignificant village, but at present it has 14,000

inhabitants, an increase of prosperity due to the introduction

by M. Houles (whose statue stands in the public square)

of the manufacture of a particular kind of woollen fabric

sold almost exclusively in France. The factories, driven

by water-power, have a total of 45,000 spindles, and an
annual turnover of from 15 to 18 millions of francs.

Mazaniet is connected by a branch line of railway with

the town of Castres.

MAZANDARAN, a province of northern Persia, lying

between the Caspian Sea and the Elburz range, and
bounded E. and W. by the provinces of Astr.lbad and
GilAn respectively, is 220 miles in length and 60 miles in

(mean) breadth, with an area of about 10,000 square miles

and a population estimated at from 150,000 to 200,000.
Mazandar.i,n comprises two distinct natural regions present-

ing the sharpest contrasts in their relief, climate, and pro-

ducts. In the north the Caspian is encircled by'the level and
swampy lowlands, varying in breadth from 10 to 30 miles,

partly under impenetrable jungle, partly under rice, cotton,

BHgar, and other crops. This section is fringed northwards
by the sandy beach of the Caspian, here almost destitute

of natural harbours, and rises sonicwliat abruptly inland

to the second section, comprising tlie northern slopes and
spurs of the Elburz, which approach at some points within

1 or 2 miles of the sea, and which are almost everywhere
covered with dense forest. The lowlands, rising but a

few feet above the Caspian, and subject to frequent flood-

ings, are extremely malarious, while the highlands, culmina-
ting with the magnificent Damdvand (18,600 feet), enjoy
a tolerably salubrious climate. But the climate, generally

hot and moist in summer, is everywhere capricious and liable

to sudden changes of temperature, whence the prevalence of

rheumatism, dropsy, and especially ophthalmia, noticed by
all travellers. Snow falls heavily on the uplands, where it

often lies for weeks on the ground. The direction of the
loog sandbanks at the river mouths, which .prefect with

remarkable uniformity from west to east, shows that the

prevailing winds blow from the west and north-west, ^ha
rivers themselves, of which there are as many as fifty, are

little more than mountain torrents, all rising on the northern

slopes of Elburz, flowing mostly in independent channels to

the Caspian, and subject to sudden freshets and inundations

along their lower course. The chief are the Safed-nid

on the Gfl.'in frontier, the Ldr, Hari-rud, Alam-rud,

Rustam-rud, and HArez, and all are well stocked with trout,

mullet (safed m'lhi), carp, sturgeon, and other fish, which

with rice form the staple food of the inhabitants, and supply

large quantities of caviare for the Russian market. • Near
their mouths the rivers, running counter to the prevailing

winds and waves of the Caspian, form long sand-hills 20

to 30 feet high and about 200 yards broad, behind which

are developed the so-called miird-db, or "dead w.-i.ters,"

stagnant pools and swamps characteristic of this ccast, and

a chief cause of its unhealthiness.

The province abounds in iron ores and in mineral pitch

in every state of transition from pure petroleum to the

finest naphtha. The chief cultivated plants are rice,

cotton, sugar, a little silk, and fruits in great variety,

including several kinds of the orange, lemon, and citron.

Some of the slopes are covered with extensive thickets of

the pomegranate, and the wild vine climbs to a great

height round the trunks of the forest trees. These

woodlands are haunted by the tiger, panther, bear, wolf,

and wild boar in considerable numbers. Of the domestic

animals, all remarkable for their small size, the chief are

the black, humped cattle somewhat resembling the Indian

variety, the yabu (a sturdy breed of horses), anrl sheep

and goats.

Kinneir, Frazer, and other observers speak vnfavourably of tha
Mazandarani people, whom they describe as very ignorant and
bigoted, arrogant, rudely inquisitive, and almost insolent towards
strangers. The peasantry, however, although called the " Baotians
of Persia," are far from dull, and betray much shrewdness where
their interests are concerned. In the healthy districts they are

stout and well made, and are the most warlike race in Persia, fur-

nishing 5000 cavalry and 12,000 foot to the Government. Of the

latter 2000 are always in attendance on the shah at Tehran. They
speak a marked and" somewhat rude Pfersiau dialect ; but a Tiiiki

idiom closely akin to the Turkoman is still current amongst the

foreign tribes, although they have mostly already passed from the
nomad to the settled state. Of these intruders the most numerous
are the Modaunlii, Khojehvand, and Abdul Maleki, originally of

Lek or Kurd stock, besides branches of the royal Afshar and Kajdr
tribes of Turki descent. All these are exempt from taxes in con-

sideration of their military -service.

The export trade is chiefly with Russia through Bakii, where
broadcloths, flour, saffron, and bar iron are taken in exchange for the

white and coloured calicoes, caviare, rice, and raw cotton of Ma^an-
daiiin. Owing to the almost impenetrable character of the country,

there are scarcely any roads accessible to wheeled carriages, and the

great causeway of .Shah Abbas has in many places even disappeared

under the jungle. Two routes, however, lead to Tehran, one by
Firoz Koh, 180 n)iles long*, the other by L"arijdn, 1-14 miles long,

both in tolerably good repair. Except where crossed by these

routes the Elburz forms an almost impassable barrier to the south.

The administration is in the hands of tlie prince governor, who
appoints most of the beglerbegs and governors of the nine dis-

tricts of Amol, B.irfaiish, Mashhad-i-Sar, Sari, Ashraf, Farah-dbad,

Tennacorben, Kellauristak, and Kiijur into which the province ia

divided. There is fair security for life and property ; and, although

otherwise inditTorently administered, the country is quite free from

marauders or local disturbances. The revenue is abaiit 105,000
tomans, of which nothing goes to the state treasury, all being requited

for the governors, troops, pensions, and police. The capital is Suri,

the other chief towns being Bdrfarosh, Jlashhad-i-Sar, Ashraf, and
Farah-db.dd.

JIAZARIN, Jules (1G02-1G61), cardinal, the suc-

cessor of Richelieu, and forerunner of Louis XIV., was tho

elder son of Pietro Mazarini, the intendant of the house-

hold of Philip Colunna, and of his wife Ortensia Euffalini,

a connexion of tho Colonnas, and was bprn at Piscina ia

the Abruzzi on July 14, 1602. He was educated by tho

Jesuits at Rome till hia seventeenth year, when he nccom-
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panied Jerome Colonna as cliamberlain to the university '

of Alcala in Spain. There he distinguished himself more
by his love of gambling and his gallant adventures than

by study, but made himself a 'thorough master, not only

of the Spanish laogiiage and character, but also of that

romantic fashion of Spanish love-making which was to

help him greatly in after life, when he became the servant

of a Spanish queen. On his return to Kome he took his

degree as Doctor Utriusque Juris, and then became captain

of infantry in the regiment of Colonna, which took part

in the war in the Valtelline. During this war he gave

proofs of much diplomatic ability, and Pope Urban VIII.

entrusted him, in 1620, with the difficult task of putting an
end to the war of the Mantuan succession. His success

marked him out for further distinction. He was presented

to two canonries in the churches of St John Lateran and
Sta Maria Maggiore, although he had only taken the minor
orders, and had never been consecrated priest ; he negotiated

the treaty of Turin between France and Savoy in 1632,

became vice-legate at Avignon in 1634, and nuncio at the

court of France from 1634-36. But he began to wish for

a wider sphere than papal negotiations, and, seeing that he

had no chance of 'becoming a cardinal except by the aid of

some great power, he accepted Richelieu's offer of entering

the service of the king of France, ar.d in 1639 became a

naturalized Frenchman. la 1640 Richelieu sent him to

Bavoy, where the regency of Christine, the duchess of

Savoy, and sister of Louis XIII., was disputed by her

brothers-in-law, the princes Maurice and Thomas of Savoy,

and he succeeded not only in firmly establishing Christine

but in winning over the princes to France. This great

service was rewarded by his promotion to the rank of

cardinal on the presentation of the king of France in

December 1641. On the 4th December 1642 Cardinal

Richelieu died, and on the very next day the king sent a

circular letter to all officials ordering them to send in their

reports tc Cardinal Mazarin, as they had formerly done

to Cardinal Richelieu. Mazarin was thus acknowledged

supreme minister, but he still had a difficult part to play.

The king evidently could not live long, and to preserve

power he must make himself necessary to the queen, who
would then be regent, and do this without arousing the

suspicions of the king or the distrust of the queen. His

measures were ably taken, and when the king died on

May 14, 1643, to every one's surpr.se her husband's

minister remained the queen's. The king had by a royal
|

edict cumbered the queen-regent with a council and other
|

restrictions, and it was necessary to get the parlement of

Paris to overrule the edict, and make the queen absolute

regent, which was done with the greatest complaisance.

Now that the queen was all-powerful, it was expected she

would at once dismiss Mazarin and Eummon her own

friends to power. One of them, Potier, bishop of Beauvais,

already gave himself airs as prime minister, but Mazarin

had had the address to touch both the queen's heart by

liis Spanish gallantry and her desire for her son's glory by

liis skilful policy abroad, and he found himself able easily

to ovsrthrow the clique of Importants, as they were called.

That skilful policy was shown in every arena on which the

great Thirty Years' War was being fought out. Mazarin

had inherited the policy of France daring the Thirty

Years' War from Richelieu. He had inherited his desire

for the humiliation of the house of Austria in both its

branches, his desire to push the French frontier to the

Rhine and maintain a counterpoise of German states

ot^ainst Austria, his alliances with the Netherlands and

with Sweden, and his four theatres of war—on the Rhine,

in Flanders, in Italy, and in Catalonia. This is not the

place to examine the campaigns of the last five years of

the great war (see Conde, Tueexne), but it was Mazari"

clone who directed the Freneli diplomaty of tho period.

He it was who made the peace of Bromsebro between the

Danes and the Swedes, and turned the latter once again

against the empire; he it was who sent Lionno to make
tho peace of Castro, and combine the priuce* of North Italy

against the Spaniards, and who made the peace of UUn
between France and Bavaria, thus detaching the emperor's

best ally. He made one fatal mistake,—he dreamt of the

French frontier being the Rhine and the Scheldt, and that

a Spanish princess might bring the Spanish Netherlands

as dowry to Louis XIY. This roused the jealousy of the

United Provinces, and they made a separate peace with

Spain in January 1648; but tho valour of the French

generals made the skill of the" Spanish diplomatists of no
avail, for Turenne's victory at Zusmarshausen, and Condi's

at Lens, caused the peace of Westphalia to be definitely

signed in October 1048. This celebrated treaty belongs

rather to the history of Germany than to' a life of Mizarin •

but two questions have been often asked, whether Mazarin

did not delay the peace as long as possible in order to

more completely ruin Germany, and whether Richeliea

would have made a similar peace. To the first question

JIazarin's letters, published by M. Cheruel, prove a complete

negative, for in them appears the zeal of Mazarin for the

peace. On the second point, Richelieu's letters in many
places indicate that his treatment of the great question of

frontier would have been more thorough, but then he

would not have been hampered in France itself.

We must now notice that strange period of the Fronde
which has always been variously treated, for modern
historians have written its history from many diflferent

standpoints, all of which can be categorically supported

from the varying m^moires of the principal actors. Now,
however, thanks to the labours of M. Cousin on the carnei*

of Mazarin, which contain the substance of Lis inmost

thoughts, and of SL Cheruel on the letters written to and

by JIazarin, it is possible to construct a more accurate and

trustworthy history of the Fronde than has ever yet been

attempted. It is not, however, intended here to trace the

whole history of the Fronde, interesting as that would be,

but merely to trace the policy of Mazarin throughout the

epoch. The origin of both the Frondes was partly

Mazarin's fault.. In 1645 the parlement of Paris had pro
tested against certain taxes, and had been checked by a lit

de justice; and when, in 1648, it united its members in

the Chambre de Saint Louis for the general reform of the

kingdom, Mazarin and the queen, instead of holding

another lit de justice, calling the states-general, or trans-

ferring the parlement out of Paris, any of which measures

would have broken its power, foolishly believed in the

influence of the victory of Lens, and threw the people if

Paris on tho side of the parlement by the arrest of

Broussel. The Fronde of the princes and the nobles, ou

the other hand, was largely due to Mazarin's absorption of

political power. These Frondeurs were not, like their

ancestors, moved by great religious and political sympathies,

but by merely selfish aims for restoring the old licence of

duel and intrigue, and wti-e only united in one sentiment,

hatred to Mazarin. That this was so was greatly Mazarin's

own fault ; he had tried consistently to play off Gaston

of Orleans against Cond^, and their respective followers

against each other, and had also, as his carnets prove,

jealously kept any courtier from getting into the good

graces of the queen-regent except by his means, so that it

was not unnatural that the nobility should hate him, while

the ..jueen found herself surrounded by his creatures alone.

Events followed each other quickly ; the day of the

barricades was followed by the peace of Ruel, the peace of

Ruel by the arrest of the princes, by the battle of Rethel,

and JIazarin's exile to Briihl before the union of the tif*
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Frondes. It was while in exile atBriihl that JIazarin saw

the mistake he had made in isolating himself and the

queen, and that his policy of balancing every party in the

Btate against each other had made every party distrust him.

So by his counsel the queen, while nominally in league

with De Retz and the parliamentary Fronde, laboured to

form a purely royal party, wearied by civil dissensions,

who should act for her and her son's interest aloue, under

the leadership of JIathieu Mol(5, the famous premier

president of the parlement of Paris. The new party

grew in strength, and in January 1G52, after exactly a

year's absence, l^Iazarin returned to the court. Turenne

liad now become the royal general, and out-manceuvred

Condi, while the royal party at last grew to such strength

in Paris that Gondii had to leave the capital and France.

In order to promote a reconciliation with the parlement of

Paris, JIazarin had again retired from court, this time to

Sedan, in August IG52, but he returned finally in February

1653. Long had been the trial, and greatly had Mazarin

been to blame in allowing the Frondes to come into

existence, but he had retrieved his position by founding

that great royal party which steadily grew until Louis XIV.
could fairly have said "L'£tat, c'est moi." As the war
had progressed, JIazarin had steadily followed Richelieu's

policy of weakening the nobles on their country estates.

Whenever he had an opportunity he destroyed a feudal

castle, and by destroying the towers which commanded
nearly every town in France, h3 freed such towns as

Bourges, for instance, from their long practical subjection

to the neighbouring great lord.

The Fronde over, Mazarin had to build up afresh the

power of France at home ami abroad. It is to his shame
that he did so little at Lome. Beyond destroying the

brick and mortar remains of feudalism, he did nothing for

the people. But abroad his policy was everywhere success-

ful, and opened the way for the policy of Louis XIV. He
at first, by means of an alliance with Cromwell, recovered

the north-western cities of France, though at the price of

yielding Dunkirk to the Protector. On the Baltic, France

guaranteed the treaty of Oliva between her old allies

Sweden, Poland, and Brandenburg, which preserved her

indaetice in that quarter. In Germany he, through

liionne, formed the league of the Ehine, by which the

states along the Rhine bound themselves under the head-

ship of France to be on their guard against the house of

Aastria. By such measures Spain was induced to sue for

peace, which was finally signed in the Isle of Pheasants on
the Bidassoa, and which is known as the treaty of the

Pyrenees. By it Spain recovered Franche Comt^, but
ceded to France Roussillon, and much of French Flanders;

and, what was of greater ultimate importance to Europe,

Louis XIV. was to marry a Spanish princess, who was to

renounce her claims to the Spanish succession if her dowry
was paid, which Mazarin knew could not happen at present

from the emptiness of the Spanish exchequer. He returned

to Paris in declining health, and did not long survive the

unhealthy sojourn on the Bidassoa ; after some political

instruction to his young master, he passed away at

Viucennes on March 9, 1661, leaving a fortune estimated

at from 18 to 40 million livres behind him, and his

nieces married into the greatest families of France and
Italy.

The man who could have had such success, who could have made
the treaties of Westphalia and the Pj-renees, who could have
weathered the storm of the FronJc, and left Franco at peace with
itwlf and with Europe to Louis XIV., must have been a great man

;

and histodans. relying too much on the brilliant memoirs of his
adversaries, like De Retz, are apt to rank him too low. That he had
many a petty fault there can be no doubt ; that he was avaricious
and double-dealing was also undoubted; and his cai-ntU show to
what unworthy means he had recourse to maintain his influence over
the queen. What that influence wa3 will be always debated, but

both his carncts and the Brvihl letters show that a real personal
affection, amounting to passion on the queen's part, existed.

Whether they were ever married may be doubted; but that liyjio.

thesis is made more possible by 11. Cheruel's having been able to
prove from Jlazarin's lettci-s that the cardinal himself had never
taken more than the minor orders, which could always be tluouu
off. M'ith regard to France he played a more patriotic part iliaii

Conde or Turenne, for ho never treated with the Spaniards, and his

lettci-s show that in the midst of his dilHi.ulties he followed with
intense eagerness every movement on the froutiere. It is that
immense mass of letters, now in course of publication, that prove
the real greatness of the statesman, and disprove De Kctz'a jiortitiit,

wliicli is carefully arranged to show olf his enemy against the might
of Kiclielieu. To concede that the master was the greater man and
the greater statesman does not imply that ilazariii was but a foil

to his predecessor. It is true that we find none of those deep
plans for the internal prosperity of France which shine througfi

Richelieu's policy. Mazarin was not a Frenchman, but a citizen of
the world, and always paid most ittcntion to foreign affaiis; in his

letters all that could teach a diplomatist, is to be found, broad
general views of policy, minute details carefully elaborated, keen in-

sight into men's characters, cunning directions when to dissimulate

or when to be frank. From first to last the diplomatist peeps
forth, and gives the key to his character, and to the causes of his

success. Italian though he was by birth, education, and nature,

France owed him a great debt for his skilful management during tho
early years of Louis XIV., and the kingowed him yet more, for he
had not only transmitted to him a nation at peace, but had educated
for him his great servants Le Tellier, Lionne, and Colbeit.

Literary men owed him also much; not only did he throw his

famous library open to them, but he pensioned all their leadei^,

including Descartes, Voiture, Balzac, and Fierre Corneille. The
last-named, the greatest of them all, did not care for JIazarin as a
paymaster only, but as a statesman ; he was a profound royalist,

believing that absolutism alone could save France from the horrors

of religious wars, or the selfish turbulence of a Fronde, and to

Mazarin he applied, with an adroit allusion to his birthplace, in the
dedication of his Pompec, the line of Virgil

—

"Tu regere imperio populos, Romaue, memento."

All the earlier works on Mazarin, and early accounts of his ad-
ministration, of which the best were Bazin's Ilistoire de France
soits Louis XIII. et soils le Cardinal Mazarin, 4 vols., 1846, and
Saint-Aulaire's Ilistoire. de la Fronde, have been superseded by II.

Cheruel's admirable Bisioire dc France pendant la minoriti de
Louis XIV., 4 vols., 1879-80, which covers from 1643-51, and
its sequel Histoire dc France sous le ilinistire de Cardinal Mazarin,
2 vols., 1881-82, which is the first account of the period written by
one able to sift the statements of De Retz and the memoir writers,

and rest upon such documents as Mazarin's letters and camels.
To M. Cheruel the Government of France has entrusted the task
of editing Mazarin's Letters, of which two volumes have at present
appeared, which must be carefully studied by any student of the
history of France. For his '

' cat-nets " reference must be made to M.
Cousin's articles in the Journal dcs Savants ; for his early life to
Cousin's Jeunesse de Mazarin, 1865, and for the careers of his nieces

to Renee's Les Nieces de Mazarin, 1856. For the Mazarinades or
squibs written against him in Paris during the Fronde, see Moreau's
Bibliographie dcs Mazarinades, 1850, containing an account of 4082
Jfazarinades. On the Fronde, also, consult Gaillardin's Histoire

de Louis XIV., 6 vols., 1876-78, and Feillet's interesting Misireaa
temps de la Fronde. For his foreign policy, besides his Letters, see

Valfrey's Ungues de Lionne, and Miguet s Histoire des Nigodalionf
relatives d la Succession d'Espagne. (H. M. S.)

MAZATLAN, a city and seaport of Mexico, in the state

of Cinaloa, on the coast of the Pacific, near the mouth of

the Gulf of California, in 23° 18' N. lat. and 106° 56' W.
lonf . It occupies an attractive situation, but, as the

houses are for the most part low, has not an imposing

appearance. The port is often visited by English and
American vessels, and is consequently the seat of several

consular agents. A large smuggling trade was formerly

carried on in much the same lines as the present legitimate

traffic—export of bullion, dye-stuffs, and pearls, and import

of manufactured goods from Europe and fruits and
vegetables from San Francisco. In 1878 the value of the

imports was about £600,000, that of the exports about

£500,000. The populatio' , which contains a large float-

ing element, was stated at i2,706 in 1871.

MAZEPPA, Ivan St ;phanovitch (I6-t-t-1709), a

Cossack chief, best know-i as the hero of one of Lord

Byron's poems, was born in 1644, of a poor but noble



654 M A Z - M A a
family, at Mazepi'jtrui in the palatinate of Potlolia. At
an early age lie became a page at the co''.rt of John
Casitnir, king of Polanil. After some time he returned to

his native province ; but, engaging iu an intrigue with a

Polish matron of high rank, he was detected by the injured

husband, and was sentenced to be bound caked on the back

of an untamed horse. The animal on beinjr let loose gal-

loped otf to its native wilds of the Ukraine, ilazeppa, half-

dead and insensible, was released from his fearful position,

and restored to auiraatioa by some poor peasants. In a

short time his agility, courage, and sagacity rendered him

f.'.pular among the Cossacks. He was appointed secretary

and atl.jutant to SamoiloWtch, their hetniau or chief, and
succeeded that functionary in 16S7. The title of prince

was afterwards conferred upon him by his friend and
patron, Peter the Great, who long believed conBdingly in

his good faith, and banished or executed as calumnious

traitors all who, like Palei, Kotchubey, and Iskra, ventured

to accuse him of conspiring with the enemies of Russia,

tent, however, upon casting off the Russian yoke,

Mazeppa became, in his seventieth year, and after much
uesitation and inconstancy of purpose, an ally of the

Swedish monarch, Charles XII. After the disastrous

battle of Pultowa, fought, it is said, by his advice, Baturin,

his capital, was taken and sacked by JlenshikofF, and his

name anathematized throughout the churches of Russia, and
his effigy suspended from the gallows. A wretched fugitive,

he escaped to Bender, but only to end his life by poison in

1709. Pushkin made Mazeppa the hero of his drama
" Pultowa."

MAZZARA DEL TALLO, a city of Italy, on the coast

of Sicily, in the province Trapani, 13 ihiles by rail south-

east of Marsala. It is.surrounded by a wall 37 feet in height,

strengthened by towers rising at intervals; audit possesses

a castle and a cathedral, both founded by Count Roger

in the 11th century. The harbour is spacious but badly

sheltered from the south winds. The population of the city

was 11,756 in 1871 ; that of the commune was 10,999 in

1861 and 13,505 in 1S81.
Jl.^zara or JIazaris appears from Diidonis Sicidns frifi 6*) to

have beea a trading establishment of Selinus, and it was captured

by the Carthaginian general in 409 B.C. on his march against that

city. It was in this neighbourhood that the Saracens landed in

827 A.D.; and the name of Val di Mazzara long indicated one of

the three divisions of Sicily.

MAZZINI, GiDSEPPE (1805-1872), Italian patriot, was
born on June 22, 1S05, at Genoa, where his father,

Oiacomo Mazzini, was a physician in good practice, and a

professor in the university. His mother is described as

having been a woman of great personal beauty, as well as

of active intellect and strong aflfections. During infancy

and childhood his health was extremely delicate, and it

appears that he was nearly sis years of age before he was
quite able to walk ; long before this, however, he had
learned to read, and otherwise begun to show great intel-

lectual precocity. His first tutor was an old priest who
taught him Latin, but his omnivorous reading was not

directed by any master. At i)\e age of thirteen he bejan
to attend classes in the faculty of arts at the univ.;rsity;

he afterwards studied anatomy with a view to following

his father's profession, but finally (1826) graduated in

!aws. Apart from his professional studies, he took lessons

n music, English, and fencing. Of his student days littlo

more is recorded than that his exceptional abilities as well

as the remarkable generosity and benevolence of his impulsea
and aims were quickly recognized by his comrades,—his

professors, however, having frequent occasion to complaLi
pf his disregard for conventioi al rules. As to his inner

life during this period, we have i nly one brief but significant

sentence ;
" for a short time," he says, " my mind was

pomewhai tainted bv the doctri; '.es of the foreign material-

istic school ; but the stndy of history and the intnitioiw

of conscience—the only tests of truth—soon led me back
to the spiritualism of our Italian fathers." For some time

after his admission as an advocate Mazzini was occupied

in the Uflicio dei Poveri ; but, although he seems to havs
discharged the? duties arising from th's with zaai and
success, he never really overcame his repugnance to the

dry and technical details of legal practice. The natural

bent of his genius was towards literature, and, in the course

of the four j-ears of his nominal connexion with the legal

profession, he wrotse a considerable Aiuuiber of essays and
reviews, some of which have been wholly or partially

reproduced in the critical and literary volumes of his Life

and Writings. His first essay, characteristically enough
on " Dante's Love of Country," was sent to the editor of

the Antolog'ut Fiorentina in 1826, but did not appear until

some years afterwards in the Sulalpino. He was an ardent

supporter of romanticism as against what he called " literary

servitude under the name of classicism"; and ia this interest

all his critiques (as, for example, that of Giannoni's Exile

in the ludicatore Livornese, 1829) were penned. But in the

meantime the "republican instincts" which he tells us he
had inherited from his mother had been developing, and his

sense of the evils under which Italy was groaning had been

intensified ; and at the same time he became possessed with

the idea that Italians^ and he himself in particular, "could

and therefore ought to struggle for liberty of country/

His literary articles accordingly became m().e and more
suggestive of advanced liberalism in politics, and led to

the suppression by Government of the Indicatore Gea^vtse

and the Indicatore Livornese successively. Having joined

the Carbonari, he soon rose tj one of the higher giadea ia

their hierarchy, and was entrrxsted with a special secret

mission into 'Tuscany ; but, as his acquaintance grew, hia

dissatisfaction with the organization of the society in-

creased, and he was already meditating the formation of a
new association having closer bonds of union and more
definite aims when shortly after the French revolution of

1830 he was betrayed, while initiating a new member, to

the authorities of Piedmont. He was imprisoned in the

fortress of Savona on the western Riviera for about six

months, when, a conviction having been found impractic-

able through deficiency of evidence, he was released, but

upon conditions involving so many restrictions of his liberty

that he preferred the alternative of leaving the country.

He withdrew accordingly into France, living chiefly io

Marseilles. While in his lonely cell at Savona, in presence

of " those symbols of the infinite, the sky and the sea,"

with a greenfinch for his sole companion, and having access

to no books but " a Tacitus, a Bjron, and a Bible," he had
finally become aware of the great mission or "apostolate"

(as he himself called it) of his Ufe ; and soon after his release

his prison meditations took shape in the programme of the

organization which was destined soon to become so famous
throughout Europe, that of La Giovine Italia, or Young
Italy. Its publicly avowed aims were to be the liberation

of Italy both from foreign and domestic tyranny, and its

unification under a republican form of government ; the

means to be used were education, and, where advisable,

insarrection by gnecrilla bands; the motto was to be
" God and the people," and the banner was to bear on one

side the words " Unity" and "Independence" and on the

other " Liberty," " Equality," and " Humanity," to describa

respectively the national and the international aims. In
April 1831 Charles Albert, "the ex-Carbonaro conspirator

of 1821," succeeded Charles Felix on the Sardinian throne,

and towards the close of that year Mazzini, making himself,

as he afterwards confessed, " the interpreter of a hope which

he did not share," wrote the new king a letter, published

at Marseilles, urging him to take the lead in the impending
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struggle for Italian indcprnc'ence. Clandestine!}- reprinted,

and rapidly circidated all over Italy, its bold and outspoken

words produced a great sensation, but so deep was the

offence it'gave to the Sardinian Government that orders

were issued for the immediate arrest and imprisonment

of the author should he attempt to cross the frontier.

Towards the end of the same year appeared the important

Young Italy " Manifesto," the substance of which is given

in the first volume of the Life and Writings of Mazzini

;

and this was followed soon afterwards by the society's

Journal, which, smuggled across the Italian frontier, had

great success iu the objects for which it was written,

numerous "congregations" being- formed at Genoa,

Leghorn, and elsewhere. Representations were conse-

quently made by the Sardinian to the French Government,

which issued in ar. order for JIazzini's withdrawal from

Marseilles (August 1832); he lingered for a few months

lu concealment, but ultimately found it necessary to retire

into Switzerland. From this point it is somewhat difficult

to follow the career of the mysterious and terrible con-

spirator who for tsventy years out of the next thirty led a

life of voluntary imprisonment (as ho himself tells us)

" within the four walls of a room," and " kept no record

of dates, made no biographical notes, and preserved no

copies of letters." In 1833, however, he is known to have

been concerned in an abortive revolutionary movement
which took place in the Sardinian army; several executions

took place, and he himself was laid under sentence of death.

Before the close of the same year a similar movement in

Genoa had been jilanned, but failed through the youth and

inexperience of the leaders. At Geneva, also in 1833,

Mazzini set oa foot L'Europe Cenfrale, a journal of which

one of the main objects was tlie emancipation of Savoy

;

but ha did not confine himself to a merely literary agita-

tion for this end. Chiefly through his agency a consider-

able body of German, Polish, and Italian exiles was
organized, and an armed invasion of the duchy planned.

Tha frontier was actually crossed on February 1, 1834, but

the attack ignominiously broke down without a shot having
bien fired. JIaizini, who personally accompanied the

expedition, is no doubt correct in attributing the failure

to dissensions with the Carbonari leaders in Paris, and
to want of a cordial understanding between himself and
the Savoyard Ramorino, who had been chosen as military

leader. In April 1834 the " Young Europe" association
" of men believing in a future of liberty, equality, and
fraternity for all mankind, and desirous of consecrating

their thoughts and actions to the realization of that

future" was formed, also under the influence of JIazzini's

enthusiasm ; it was followed soon afterwards by a "Young
Switzerland" society, having for its leading idea the forma-

tion of an Alpine confederation, to include Switzerland,

Tyrol, Savoy, and the rest of the Alpine chain as well.

But La Jeune Suisse newspaper was compelled to stop

within a year, and in other respects tho aflfairs of

the struggling patriot became embarrassed. He was
permitted to remain at Grenchen in Solothurn for a
while, but at last the Swiss diet, yielding to strong and
persistent pressure from abroad, exiled him about tho end
of 1836. In January 1837 he arrived in London, where
for many months he had to carry on a hard fight with
poverty and tho sense of spiritual loneliness so touchingly
described by himself in the first volume of the Life and
Wrilinr/s. Ultimately, a? he gained command of the
English language, he began to earn a livelihood by writing
review articles, some of which have since been reprinted,

and are of a high order of literary merit ; they include
papers on "Italian Literature since 1830" and "Paolo
Sarpi " in the ]\'extminstcr /iei'int; articles on " Lamcnnais,"
" George Sand," " Byron and Goeltii " in tho Munth.'y

Chronicle, and on "Lamaitine," " Carlylc." and "The Minor

iWorks of Dante " in the Uritlsk ami foreir/n Review. In

1839 he entered into relations with the revolutionary cum
mittees sitting in Malta and Paris, and in 1S40 he originated

a working men's association, and tlie weekly journal

entitled Aposlolato Pojiolare, in which the admirable

popular treatise "On the Duties of Man" was commenced.
Among the patriotic and philanthropic labours undertaken

by Mazzini during this period of retirement in London may
be mentioned a free evening school conducted by himself

and a few others for some years, at which several hundreds

of Italian children received at least tlie rudiments of secular

and religious education. The most memorable episode in

his life during the same period was perhaps that which

arose out of the conduct of Sir James Graham, the home
secretary, in systematicall}-, for some months, opening

Mazzini's letters as they passed through the British post-

office, and communicating their contents to the Neapolitan

Government—a proceeding which brought about the arrest

and execution of the brothers Baudiera, Austrian subjects,

who had been planning an expedition against Naples.

The prolonged discussions in parliament, and the report of

the committee apiiointed to inquire into the malter, did

not, however, lead to any practical result, unless indeed

the incidental vindication of Mazzini's character, which

had been recklessly assailed in the course of debate.

JIazzini did not share the enthusinstic hopes everywhere

raised in tho ranks of the Liberal party throughout Europe

by the first acts of Pius IX., in 184G, but at the same

time he availed himself, towards the end of 1847, of the

opportunity to publish a letter addressed to the new
pope, indicating the nature of the religious and national

mission which the Liberals expected him to undertake.

The leaders of the revolutionary outbreaks in Jlilan

and Messina in the beginning of 1848 had long been in

secret correspondence with Mazzini ; and their action,

along with the revolution in Paris, brought him early

in the same year to Italy, where he took a great and active

interest in the events which dragged Charles Albert into

an unprofitable war WMth Austria; he actually for a short

time bore arms under Garibaldi immediately before the rc-

occupation of Milan, but ultimately, after vain attempts to

maintain the insurrection in the mountain districts, found

it necessary to retire to Lugano. In the beginning of tho

following year he was nominated a member of the short-

lived provisional government of Tuscany formed after tho

flight of the grand-duke, and almost simultaneously, when

Rome had, in consequence of the withdrawal of Pius IX.,

been proclaimed a republic, he was declared a member of

the constituent assembly there. A month afterwards, the

battle of Novara having again decided against Charles

Albert in the brief struggle with Austria, into which ho

had once more been drawn, JIazzini was appointed a

member of the triumvirate, with supremo executive power

The opportunity ho now had for showing the administrative

and political ability which he was believed to possess was

more ap|)arent than real, for the approach of the pro-

fessedly friendly French troops soon led to Tiostilities, and

resulted in a siege which terminated, towards the end of

June, with the assembly's resolution to discontinue the

defence, and Mazzini's indignant resignation. That he

sue ceded, however, for so long a time, and in circum-

stances so adverse, in maintaining a high degree of order

within the turbulent city is a fuCt tiiat speaks for it.'clf.

His diplomacy, backed as it was by no adequate physical

force, naturally showed at the time to very great disadvan

tage, but his official correspondence and proclamations can

still be read with admiration and intellectiiBl plea'<ure, as

well as his eloquent vindication of the r'volntion in his

pulli.:- d " LeVer to MM. ds Tocquevill" ^i.d Do Fallou.x
"
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The surrender of tbe city oa June 30 was followed by
Mazzini's not too precipitate flight by wa^ of Marseilles

into Switzerland, whence he once more found his way to

London. Here in 1850 he became president of the

National Italian Committee, and at the same time entered

into close relations with Ledru-RoUin and Kossuth. He
had a hand in the abortive rising at Mantua in 1852, and

again, in February 1853, a considerable share in the

formidable insurrection which broke out at Milan ; once

more, in 1854, he had gone far with preparations for re-

newed action when his plans were completely disconcerted

by the withdrawal of professed supporters, and by the action

of the French and English Governments in sending ships of

war to Naples. The year 1857 found him yet once more

in Italy, where, for complicity in short-lived emeutes which

took place at Genoa, Leghorn, and Naples, he was again

laid under sentence of death. Undiscouraged in the

pursuit of the one great aim of his life by any such incidents

as these, he returned to London, where he edited his new
journal Pensiere ed Azione, in which the constant burden

of his message to the overcautious practical politicians of

Italy was—"I am but a voice crying Action; but the state

of Italy cries for it also. So do the best men and people

of her cities. Do you wish to destroy my influence] Acl."

The same tone was at a somewhat later date assumed in

the letter he wrote to Victor Emmanuel, urging him to

put himself at the head of the movement for Italian unity,

and promising republican support. As regards the events

of 1859-60, however, it may be questioned whether,

through his characteristic inability to distinguish between

the ideally perfect and the practically possible, he did not

actually hinder more than he helped the course of events

by which the realization of so much of the gi:at dream of

his life was at last brought about. As has been said else-

where (vol. xiii. p. 487), if Mozzini was the prophet of

Italian unity, and Garibaldi its knight errant, to Cavour i

alone belongs the honour of having been the statesman by

whom it was finally accomplished. After the irresistible

pressure of the popular movement had led to the establish-

ment not of an Italian republic but of an Italian kingdom,

Mazzini could honestly enough write, "I too have striven

to realize unity under a monarchical flag," but candour

compelled him to add, "The Italian people are led astray

by a delusion at the present day, a delusion which has

induced them to substitute material for moral unity and

their own reorganization. Not so I. I bow my head

sorrowfully to the sovereignty of the national will; but

monarchy will never number me amongst its servants or

followers." In 1855, by way of protest against the still

uncancelled sentence of death under which he lay, Mazzini

was elected by Messina as delegate to the Italian parlia-

ment, but, feeling himself unable to take the oath of

allegiance to the monarchy, he never took his seat. In

the following year, when a general amnesty was granted

after the cession of Venice to Italy, the sentence of death

was at last removed, but he declined to accept such an

"offer of oblivion and pardon for having loved Italy above

"all earthly things." In May 1869 he was again expelled

from Switzerland at the instance of the Italian Government

for having conspired with Guribaldi ; after a few months

spent in England he set out (1870) for Sicily, but was

promptly arrested at sea and carried to Gaeta, where he

was imprisoned for two months. Events soon made it

evident that there was little danger to fear from the contem-

plated rising, and the occasion of the birth of a prince was

seized for restoring him to liberty. The remainder of his

life, spent partly in London and partly at Lugano, presents

no noteworthy incidents. For some time his health had

been far from satisfactory, but the immediate cause of his

4'eath was an attack of pleurissy with which he was seized

at Pisa, and which terminattd fatally on March 10, 167?.
The Italian parliament by a unanimous vote expressed tl e

national sorrow with which the tidings of his death had
been received, the president pronouncing an eloquent eulogy
on the departed patriot as a model of disinterestedness and
self-denial, and one who had dedicated his whole life un-
grudgingly to the cause of his country's freedom. A public
funeral took place at Pisa on March 14, and the remains
were afterwards conveyed to Genoa.
The published iviitiiigs of Mazzini, mostly occasioiinl, ara veiy

voluminous, and have nowheie been e-ihaustively collected. T'le
fullest edition of them is that begun by himself and continued by
Satti {ScriUi cditi cincdiii diGiuscppc ifazziid, lOvoIs., 1861-80);
many ofthe most inqiortant are found in the partially autobiographi-
cal work already referred to {Life and IVritings of Joseph Masini,
6 vols., 1864-70), and the two most systematic—" Thoughts up>n
Democracy in Europe," a remarkable series of criticisms on Eiu-
thamism, St-Simonianisni, Fourierism, and other economic aid
socialistic schools of the day, and the treatise "On the Duties of
Jlan," an adnvirable primer of ethics, dedicated to the Italitu
working class—will bo found in a volume entitled Joseph Mazzini, a
Memoir, by MrsE. A. Venturi (Loudon, 1875). JIazzini's "first great
sacrifice," he tells us, was "the renunciation ofthe career of liteti-

ture lor the more direct path of political action," and as late as 18iH
we find him still recurring to the long-cherished hope of being ablo
to leave the stormy arena of politics and consecrate the last years ol

his life to the dream of his youth. He had specially contemplated
three considerable literaiy undertakings,—a volume of Thoughts *n
Ilcligion, a popular History of Ilahj, to enable the working classes

to apprenend what he conceived to be the "mission" of Italy in

God's providential onlering of the worM, and a comprehensive col-

lection of translations of ancient and modern classics into Italian.

None of these was actually achieved. No one, however, can read

even the briefest and most occasional writing of Mazzini without
gaining some impression of the simple grandeur of the man, the
lofty elevation of his moral tone, his unwavering faith in the
living God, who is ever revealing Himself in the progressive develop-

ment of humanity. His last public utterance is to be found iii a
highly characteristic article on Kenan's Rfformc Morale et Intel-

IcctxiAle, finished on March 3, 1872, and published in the Fortnightly

Scvicio for February 1874. <3. S. BL.)

MAZZOLA. See Parmigiako.
MEAD, PiicH.vRD (1673-1754), physician, was bom on

August 11, 1673, at Stepney (near London), where hia

father, at one time minister of the parish, had been

ejected for nonconformity in 1662. He was sent to

Utrecht, where he studied for three years under Graevius;

having decided to follow the medical profession, he then

went to Leyden and attended the lectures of Hermann
and Pitcairn. In 1695 he graduated in philosophy and

physic at Padua, and in the following year he returned

to his native place, entering at once on a successful

practice. His Mechanical Account of Poisons appeared in

1702, and in 1703 he was admitted to the Royal Society,

to whose Transactions he contributed in that year a paper

on the parasitic nature of scabies. In the same year he

was also elected physician to St Thomas's Hospital, and

appointed to read anatomical lectures at the Surgeons'

Hall. On the death of Radcliffe in 1714 Mead became

the recognized head of his profession ; he attended Queen

Anne on her deathbed, and in 1727 was appointed

physician to George IL, having previously served him in

that capacity when he was prince of Wales. He died on

February 16, 1754. For his place in the annals of medical

science see Medicine, p. 811 of the present volume.

Besides the Mechanical Jccoitnl of Poisons, of which a second

edition appeared in 1708, Jlead published a treatise De Imperio

Soils cl Litnx in Corpora Humana cl Morbia inde Oriundis (1704).

A Short Discourse concerning Pestilential Contagion, and the Method

to be iised to prevent it (1720), De Variolis et Morbillis Dissertatio

(1747), Medica Sacra, sive de Morbis insignioribus qui in Bibliia

memorantur Commcnlarius (1748), On the Scurvy (1749), and

Monita et Prsxcpla Medici (1751). ^ A Life of Mead by Dr Maty

appeared in 1755.

MEADVILLE, a citfof the United States, county Beat

of Crawford county, Pennsylvania, on the left bank of

French Creek, a tributary of the Alleghany river, and.at
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tne junclloa of tUe Franklin branch with tne main line of

the New York, Pennsylvania, and Ohio Railroad, 102 miles

from Salamanca. It is a well-built town, maintains a

'vge trade with the oil regions, and has railway and other

machine works, glass works, woollen mills, and paper mills.

The Meadville theological school was established by the

Unitarians in 1844; and Allegheny College, opened in 1816

as a Presbyterian Church institution, has been carried on

since 1833 by the Methodist Episcopal Church. Meadville

was founded by General David Mead as a fortified post in

1789. In 1816 it had only 400 inhabitants; but the num-

ber was 3702 in 1860, 7103 in 1870, and 8860 in 1880.

MEASLES {Morbilli, Rubeola; German, Masern;

French, Rougeole), an acute infectious disease occurring

mostly in children. It appears to have been known from

en early period in the history of medicine, mention being

made of it in the writings of Rhazes and others of the

Arabian physicians in the 10th centnry. For long, how-

ever, its specific nature was not recognized, and it was held

to bo a variety of small-pox. After the non-identity of

these two diseases had been established, measles and

Bcarlet fever continued to be confounded with each other;

and in the account given by Sydenham of epidemics of

measles in London in 1670 and 1674 it is evident that

even that accurate observer had not as yet clearly perceived

their pathological distinction, although it would seem to

have been made a century earlier by Ingrassias, a physician

of Palermo. It is only within a comparatively recent period

that measles has come to be universally regarded as a
distinct and independent malady.

Like the other eruptive fevers (exanthemata), to which
class of diseases measles belongs, its progress is marked by
several stages more or less sharply defined.

After the reception of the contagion into the system a
period of incubation or latency precedes the development
of the disease, during which scarcely any disturbance of

the health is perceptibla This period appears to vary in

duration, but it may be stated as generally lasting for from
ten to fourteen days, when it is followed by the invasion

of the Bymptoffi3 specially characteristic of measles. These
consist in the somewhat sudden onset of acute catarrh of

the mucous membranes. Sneezing, accompanied with a
watery discharge, eometimes bleeding, from the nose,

redness and watering of the eyes, cough of a short,

frequent, and noisy character, with little or no ex[>ectora-

;ion, hoarseness of the voice, and occasionally sickness and
diarrhoea, are the chief local phenomena of this stage.

But along with these there is well-marked febrile disturb-

ance, the temperature being elevated (102°-104° F.), and
the pulse rapid, while headache, thirst, and restlessness are

usually preseat to a greater or less degrea In some
instances, however, these initial symptoms are so slight

that they almost escape notice, and the child is allowed to

associate with others at a time when, as will be afterwards
eeen, the contagion of the disease is most active. In
rare cases, especially in young children, convulsions usher
in, or occur in the course of, this stage of invasion, which
lasts as a rule for four or five days, the febrile symptoms,
however, showing some tendency to undergo abatement
after the second day. On the fourth or fifth day alter the
invasion, sometimes later, rarely earlier, the characteristic

eruption appears ou the skin, being first noticed on the
brow, checks, chin, also behind the ears, and on the nock.
It consists of small spots of a dusky red or crimson colour,
slightly elevated above the surface, at first isolated, but
tending to become grouped.togethcr into patchesof irregular,

occwionally creecentic, outline, with portions of skin free
from the eruption interreniog. The face acqoiree a
swollen and bloated oppcarance, which, taken along with
the catarrh of the nostrils and eyes, is almost characteristic,

15—24

and renders the diagnosis at this stage a matter of no

difficulty. The eruption spreads downwards over the body

and limbs, which are soon thickly studded with tho red

spots or patches. Sometimes these become confluent over

a considerable surface, giving rise to a larger area of uniform

redness. Tho rash continues to come out for two or three

days, and thjjn begins to fade in the order in which it first

showed itaell, namely, from above downwards. By the end

of about a week after its first appearance scarcely any trace

of the eruption remains beyond a faint staining of the skin.

Occasionally during convalescence sljght peeling of the

epidermis takes place, but much less frequently and

distinctly than is the case in scarlet fever. At the com-

mencement of the eruptive stage the fever, catarrh, and other

constitutional disturbance, which were present from the

beginning, become aggravated, the temperature often

rising to 105' or more, and there is headache, thirst,

furred tongue, and soreness of the throat, upon which red

patches similar to those on the surface of the body may
be observed These symptoms usually decline as soon as

the rash has attained its maximum, and often there occurs

a sudden and extensive fall of temperature, indicating that

the crisis of the disease has been reached. In favourable

cases convalescence proceeds rapidly, the patient feeling per-

fectly well even before the rash has faded from the skin.

Measles may, however, occur in a very severe or

malignant form, in which the symptoms throughout are of

urgent character, the rash but feebly developed, and of dark

purple hue, while there is great prostration of strength,

accompanied with intense catarrh of the respiratory or

gastro-intestinal mucous membrane. Such cases, always

of serious import, are happily rare, occurring mostly in

circumstances of bad hygiene, both as regards the individual

and his|snrroundings. On the other hand, cases of measles

are often met with of so mild a form throughout that the

patient can scarcely be persuaded to submit to treatment.

Measles as a disease derives its chief importance in

the view of medical men from the risk, by no means slight,

of certain complications which are apt to arise during its

course, more especially inflammatory affections of the

respiratory organs. These are most liable to occur in the

colder seasons of the year and in very young and delicate

children. It has been already stated that irritation of the

respiratory passages is one of the symptoms characteristic

of measles, but that this subsides with the decline of the

eruption. Not unfrequently, however, these symptoms,
instead of abating, become aggravated, and bronchitis of

the capillary form (see Bronchitis), or pneumonia, generally

cf tho diffuse or lobular variety (see Pneumonia), impart

a gravity to the case which it did not originally possess.

By far the greater proportion of the mortality in measles

is due to its complications, of which those just mentioned
are the most common, but which also include inflam-

matory affections of the larynx, with attacks resem-

bling croup, and also diarrhcca assuming a dysenteric

character. Or there may remain as direct results 'of the

disease chronic ophthalmia, or discharge from the ears, with

deafness, and occasionally a form of gangrene affecting

the tissues of the mouth or cheeks and other parts of thg

body, leading to disfigurement and even endangering life.

Apart, however, from those immediate risks, it deserves

to be borne in mind that in measles there appcers to be a
tendency in many cases for the disease to leave behind a

weakened and vulnerable condition of the general health,

which may render children, previously robust, delicate and
liable to chest complaints, and is^n not a few instances the

precursor of some of those tubercular affections to whica
the period of childhood and youth is liable.

These various effects or sequel.-e of measles plainly

indicate that although in itself a comparatively mili
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ailment, it cannot safely be regarded with indifference.

Indeed it is doubtful whether any other disease of early

life demands more careful watching as to its influence on

the healtb. Ilappily many of those attending evils now
alluded to may by proper management be averted.

Measles is a disease of the earlier years of childhood.

Like other infectious maladies, it is admittedly rare, though

net unknown, in nurslings or infants under six months old.

It is comparatively seldom met with in adults, but this is

simply due to the fact that most persons have undergone

an attack in early life, since, where this has not been the

case, the old suffer equally with the young. All races of

men appear liable to this disease, provided that which con-

stitutes the essential factor iu its origin and spread exists,

namely, contagion. Some countries enjoy long immunity
from outbreaks of measles, but it has frequently been

found in such cases that when tho contagion has once

been introduced the disease extends with great rapidity

and virulence. This was shown in two well-known in-

stances in recent times,—namely, the epidemic in the Faroe

Islands in 184G, where, within six months after the arrival

of a single case of measles, more than three-fourths of

the entire population were attacked and many perished

;

and the similarly produced and still more destructive out-

break in Fiji in 1875, in which it was estimated that

about one-fourth of the inhabitants' were cut off by the

disease within a period of about three months (see Fiji).

In both these cases the great mortality has been ascribed

to the complications of the malady, specially induced

by over-crowding, by insanitary surroundings, the absence

of proper nourishment and nursing for the sick, and the

utter prostration and terror of the people, rather than to

any marked malignancy in the type of the disease.^ Not

a few authorities, however, while fully recognizing the

baneful effect of these unfavourable conditions, are yef dis-

posed to hold that epidemics of this kind, when occurring

in what might be termed a virgin soil, are apt to possess an

innate severity. In many lands, such as the United King-

dom, measles is rarely absent, especially from large centres

of population, where sporadic cases are found in greater or

less number at all seasons. Every now and then epidemics

arise from the extension of the . disease among those

members of a community who have not been in some

measure protected by a previous attack. There are few

diseases so contagious as measles, and its rapid spread in

epidemic outbreaks is no doubt due to the well-ascertained

fact that contagion is most potent in the earlier stages, even

before its real nature has been evinced by the characteristic

appearances on the skin. Hence the difficulty of timely

isolation, and the readiness with which the disease is

spread in schools and families. There is little doubt too

that the contagion may be carried from one place to another

by persons themselves unaffected, as well as by clothing,

<tc., although its tenacity and activity in this respect is

apparently much less marked than that of small-pox or

icarlet fever. Of the nature of the infecting agent nothing

certain is known. Recent investigations into the mode of

origin of others of the acute infectious diseases, and the

discovery in the blood and tissues in the case of some of

them of lower forms of organic life (bacilli), which can be

isolated and can by inoculation be made to communicate

the particular malady to which they are related, give

countenance to the opinion, now widely entertained, that

the infecting principle of the exanthemata is of this

nature. The subject, however, is still under investigation,

and more information is wanting before definite statements

can be made. Second attacks of measles are occasionally

observed, but they are rare.

' TiansacUons of the HpiJemitloi/ical Sociel)/. London, 1877.

Treatment.—The treatment of measles embraces the
preventive measures to be adopted in the case of an
outbreak by tho isolation of the sick at as early a pcrioJ
as possible. Epidemics have often, especially iu limited

localities, been curtailed by such a precaution. In families

with little house accommodation this measure is frequently,

for the reason already referred to regarding the communic-
able period of the disease, ineffectual ; nevertheless where
practicable it ought to be tried, for it is a grave error

needlessly to expose the healthy children in a family to

the risk of infection under the idea that they must
necessarily take the disease at some time or other. The
unaffected children should likewise be kept from school

for a time (probably about three weeks from tho outbreak
iu the family would suffice if no other case occur in the
interval), and all clothing in contact with the patient

should be subjected to disinfection or thorough washing.

In extensive epidemics it is often desirable to close tho

schools of a locality for a time. As regards special treat-

ment, in an ordinary case of measles little is required

beyond what is necessary in febrile conditions generally.

Confinement to bed in a somewhat darkened room, into

which, however, air is freely admitted in such a manner as

to avoid the risk of draughts, light nourishing liquid diet

(soups, milk, kc), and mild diaphoretic remedies such as

the acetate of ammonia or ipecacuanha, are all that is

necessary in the febrile stage. When the catarrhal

symptoms are very severe, tho hot bath or warm packing to

the body generally or to the chest and throat afford relief,

and the same measures may with advantage be adopted

should the eruption be but feebly developed or tend to

recede, and especially should convulsions set in. The
serious chest complications of meisles are to be dealt

with by those measures applicable for the relief of the

particular symptoms (see Bronchitis, Pneumonia). The
inhalation of vapour and the use of the preparations of

ammonia are of special efficacy. Diarrhoea is treated by

the usual remedies, including carefully administered doses

of Dover's powder, chalk, &c. During convalescence the

patient must be guarded from exposure to cold, and for

a time after recovery the state of the health ought to ba

watched with the view of averting the evils, both local and

constitutional, which but too often follow this disease.

German Measles (Rotheln, or Epidemic Roseola) is a tern*

applied to a contagious eruptive disorder having certain

points of resemblance to measles, and, according to some

observers, also to scarlet fever, but exhibiting its distinct

individuality in the fact that it protects from neither of

these diseases. It occurs most commonly in children, and

is occasionally seen in extensive epidemics. Beyond con-

finement to the house in the truptive stage, which, from

the slight symptoms experienced, is often difficult of

accomplishment, no special treatment is called for. There

is little doubt that the disease is often mistaken for true

measles, and many of the alleged second attacks of the

latter malady are probably cases of rotheln. The chief

points of difference are the following :

—

1. Tho absence of distinct premonitory symptoms, the stage of

invasion, wliich in measles is usually of four days' duration, and

accompanied with well-marked fever and catarrh, being in rotheln

either wholly absent or exceedingly slight, enduring only for one

day.
2. The eruption of rotheln, which, although as regards its locality

and manner of progress similar to measles, differs somewhat iu

its appearance, the spots being of smaller size, paler colour, an<l

with less tendency to grouping in crescentic patches. The rash

attains its maximum in about one day, and quickly disappears.

There is no accompanying increase of temperature in this stage as

in measles. .

, , , , . i.

3. The milder character of the symptoms of rotheln throughout

its whole course.'and the absence of complications and of liability to

subsequent impairment of health such as have been seen to appertain

to measles. (''• 0- A.)
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MEASUREMENT. Wo propose in the first place to

enter into some detail on the fundamental principles of the

theory of measurement, and in doing bo it will be necessary

to sketch the very remarkable theory established by
Riemann and other mathematicians as to the foundations

of our geometrical knowledge.

Every system of geometrical measurement, as indeed the

whole science of geometry itself, is founded on the possi-

bility of transferring a fixed figure from one part of space

to another with unchanged form. We are so familiar with

this process that we are apt not to realize its importance

until very special attention has been directed to the subject.

We therefore propose to make a logical examination of the

natur^ of the assumptions involved in the possibility .of

moving a figure in space so that it shall undergo no altera-

tion. We shall find that we require to postulate certain

suppositions with regard to the nature of space and to the

measurement of distances.

It will facilitate the conception of this somewhat difGcult

subject to consider the case of hypothetical reasoning beings

which Sylvester described as being infinitely attenuated

bookworms confined to infinitely thin sheets of paper. We
suppose such two-dimensional beings to be absolutely

limited to a certain surface. They could have no concep-

tion of space except as of two dimensions. The movement
of a point would for them form a line, the movement of a

line would form a surface. They could conduct their

measurements and form their geometrical theories. They
would be able to draw the shortest lines between two
points, these lines being what we would call geodesies. To
these two-dimensioned geometers geodesies would possess

many of the attributes of straight lines in ordinary space.

if the surface to wh^eh the beings were confined were

ectually a plane, then the geometry would be the same as

oar geometry. They would find that only one straight

line could be drawn between two points, that through a

point only one parallel to a given line could be drawn, and
that the ends of a line would never meet even though the

line be prolonged to infinity.

We might also suppose that intelligent beings could

exist on the surface of a sphere. Their straightest line

between two points wotild be the arc of the great circle

joining those two points. They would also find that a

second geodesic could be drawn joining the two points,

this being of course the remaining part of the great circle.

A curious exception would, however, be presented by two
points diametrically opposite. An infinite number of

geodesies can be drawn between these points and all those

geodesies are of equal length. The axiom that there is

one shortest line between two given points would thus not

hold without exception. There would be no parallel lines

known to the dwellers on the sphere. It would be found
by them that every two geodesies must intersect, not only in

one, but even in two points. The sum of the three angles

of a triangle would for them not be constant. It would
always be greater than two right angles, and would increase

with the area of the triangle. Thny would thus have no
conception of similarity between two geometrical figures of

different sizes. If two triangles be constructed which have
their sides proportional, the angles of the larger triangle

would be greater than the corresponding angles of the

smaller triangle.

It is thus plain that the geometrical axioms of the sphere-

dwellers must bo very different from those of the plane-

dwellers. The different axioms depend upon the different

kinds of space which they respectively inhabit, while their

logical powers are identical. In one sense, however, the
dwellers on the sphere and on the plane have an axiom in

common. In each case it will be possible for a figure to

be moved about without alteration of its dimentiont. A

spherical triangle can be moved on the surface of a sphere
without distortion just as a plane triangle may be moved
in a plane. The sphere-dwellers and the plane-dwellers

would be equally able to apply the test of congruence. It

is, however, possible to suppose reasoning beings confined

to a space in which the translation of a rigid figure is

impossible. Take, for instance, the surface of an ellipsoid

or even a spheroid such as the surface of the earth itself.

A triangle drawn on the earth at the equator could not be

transferred to the surface of the earth near the pole and
still preserve all its sides and all its angles intact.

If a surface admits of a figure being moved about thereon

so as still to retain all its sides and all its angles unaltered,

then that surface must possess certain special properties.

It can be shown that, if a surface is to possess this property,

a certain function known as the "measure of curvature" is

to be constant. The measure of curvature is the reciprocal

of the product of the greatest and least radii of curvature.

We do not now enter into the proof, but it is sufficiently

obvious that a sphere of which the radius is the geometric

mean between the greatest and least radii of curvature at

each point will to a large extent osculate the surface, so

that a portion of the surface in the neighbourhood of the

point will, generally speaking, have the same curvature aa

the sphere. If the sphere thus determined be the same
at all the different points of the surface, then the curva-

ture of the different parts of the surface will on the whole

resemble that of the sphere, and therefore we cannot be

surprised that the surface possessing this property will

admit the displacement of a rigid figure thereon without

derangement of its form.

We are thus conducted to a kind of surface the geometry

of which is similar to that of the plane, but ia which the

axiom of parallels does not hold good. In this surface

the radii of curvature at every point have opposite signs,

BO that the measure of curvature which is zero for the plane

and positive for the sphere is negative for the surface now
under consideration. This surface has been called the
" pseudosphere," and its nature has been investigated by
BeltramL' In the geometry of two dimensions we can thus

have either a plane or a sphere or a pseudosphere which

are characterized by the property that a surface may be

moved, about in all directions without any change either in

the lengths of its lines or in the magnitudes of its angles.

The axiom which assumes that there is only one geodesic

connecting two points marks off the plane and the pseudo-

sphere from the sphere. The axiom that only one parallel

can be drawn through a given point to a given line marks

off the plane from the pseudosphere. The geometry of

Euclid is thus specially characterized among all conceiv-

able geometries of two dimensions by the following three

axioms—(1) the mobility of rigid figures, (2) the single

geodesic between two points, (3) the existence of parallels.

A very interesting account of this theory will be found

in Clifford's Lectxcrcs and Essays, vol. i. p. 317. We shall

follow to some extent the method employed by him in

order to obtain an idea of the important conception which

is called the "curvature of space." Suppose a geodesic

bo drawn on a surface of constant curvature. Then a

piece of the surface adjoining this geodesic can be slid

along the curve so as all the time to fit in close contact

therewith. If the piece of surface be turned to the other

side of the geodesic it will still fit along this side. A
' Sagqio di Jnterprelazione della Geometria non-Euclidea, Naples,

1888; "Teoria fondamcntale degli sparii di curvatura constante,"

Annali di Matcmatica, scr. ii. torn. il. pp. 232-65. Both papers hava

been translated into French by J. Houel {Annales ScUntiJiques d£

I'Jicolc XorntaU, torn, v., 1869). An exceedingly interesting account

of the whole subject will be found in Helmholti, Popular Lectures on.

Scientific Sulgecls, trauaUted by Atkinson, second series, London, 1881,

pp. 27-71.
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line possessing tliis property is called by Leibnitz a

straight line. It can be easily shown that a geodesic

drawn on a figure will also be a geodesic when the

figure is transferred to any other position. Suppose that

the figure be divided into two parts A and B by the

geodesic ; then the part B can be moved round so as to lie

upon A, and the boundary lines of the two portions will be

coincident. Now let the two parts while superposed be

translated to any other position, then the piece B may be

slid off and back to its original position with regard to A
It must still fit, because the whole figure might have been

translated before the subdivision took place. It follows

that the division between A and B Laving been a geodesic

in its original position will continue to be a geodesic

however the figure may be translated.

In a similar way we obtain the conception of a plane.

According to Leibnitz's definition a plane is a surface

such that if a portion of the space contiguous thereto be
slid along the surface it will continuously fit, and if the

portion of space be transferred to the other sido of the

surface it will fit also. This definition has no meaning
except we as«ume that the bodies may be translated in

space without derangement of their dimensions. From
any point we can imagine a doubly infinite number of

geodesies radiating in all directions ; if a plane be drawn
through the point, then all the geodesies touching the plane
at that point form what may be called a "geodesic surface."

It is shown that geodesic surfaces of this description can
alone fulfil the conditions by which planes are to be
defined. A doubly infinite number of geodesic surfaces

ean be drawn through every point. If a rigid body be
divided into two parts by a geodesic plane, then no matter
how the body be displaced the plane of section will still

be geodesic. The plane of section may be made to pass

through any point, and the body may then be given such
an aspect as shall cause the section to coincide with any
geodesic surface through the point, but this necessarily

involves that the section shall fit each geodesic surface, in

other words, that all the geodesic surfaces shall have a con-

stant mrvatiire.

The point which we have now gained is one of very
great importance. In our ordinary conceptions of space the

geodesic surfaces are of course our ordinary planes, and the

common curvature they possess is zero, but the condition
that rigid bodies shall be capable of translation with
unaltered features does not require that the curvatures

shall be zero, it merely requires that the curvatures shall be
constant If we add, however, the postulate of similarity,

then the curvatures must be zero. The postulate of

similarity requires that it shall be possible to construct a
figure on any scale and anywhere similar to a given fignra

This practically includes the ordinary doctrine of parallels.

Lobatchewsky developed the system of geometry on the
supposition that the space had a constant curvature
different from zero. In this geometry the parallels can be
drawn through a given point to a given line, and, to quote
Clifford—

" The snra of the three angles of a triangle is less than two
right angles by a quantity proportional to the area of the triangle.

The whole of this geometry is worked out in the style of EucJjd,
and the most interesting conclusions are arrived at, particularly iu
the theory of solid space, in which a surface turns up which is not
plane relatively to that sjmce but which for the purpose of drawiug
figures upon it is identical with the Euclidean plane."

The most comprehensive mode of viewing the whole
theory is that adopted by Eiemann in his celebrated
memoir "Ueber die Hypotbesen welche der Geometric zu
Grunde liegen," 1854 (Ahhandl. der Mnigl. Gesellsch. :2i

GoUingen, vol xiii.).i The analytical treatment of this

' A translation of this paper w.is published by Clifford m Xalure
(vol. viii. Nos. 183, 184, pp. 11-17, 39, 37), and has been repnnled

subject possesses one obvious advantage. The use o(

symbols only admits of deductions on purely logical prin

ciples. There is not therefore the risk of tacitly intro-

ducing other axioms in addition to those with which we
started.

Magnitudes which have only one dimension present

the theory of measurement in its simplest form. The
length of a straight line may be taken as an illustration

of a one-dimensioned magnitude. The -velocity of a
moving particle, the temperature of a heated body, the

electric resistance of a metal, all these and many others

are instances of one-dimensioned magnitude, the measure
of which is to be expressed by a single quantity. But
there may be magnitudes which require more than a

single measurement for their complete specification. Take,

for instance, a four-sided field which has been duly

surveyed. Of what is the measurement of this field to

consist ? If the number of acres in the field be all that

is required then the area is expressed by a simple reference

to a number of standard acres. If, however, the entire

circumstances of the field are to be brought into view, then

a simple statement of the area is not sufficient. It can

be easily shown that the surveyor must ascertain five

independent quantities before the details of the shape of the

field can be adequately defined. Four of these quantities

may naturally be the lengths of the four sides of the field,

the fifth may be one of the angles, or the area, or the length

of one of the diagonals. Speaking generally, we may say

that five distinct measurements will be necessary to define

the field adequately. The actual choice of the particular

measurements to be made is to a great extent arbitrary.

The only condition absolutely necessary is that they shall

be all independent and free from ambiguity. Once these

five quantities are ascertained then all the other features

of the figure are absolutely determined. For instance, the

four sides and the diagonal being ascertained by measure-

ment, then the other diagonal, the four angles, and the area

can all be computed by calculation. The five quantities

would determine everything about the field except its

actual position on the surface of the earth. If we further

desired to have the field exactly localized certain other

quantities must be added. The latitude and the longitude

of one specified corner of the field would completely

indicate that corner, while the azimuth of one side from
that corner would complete the definition of its position.

We are thus led to seo that for the complete delineation of

every circumstance relating to the siiape of the field and
its locality eight different measurements have been required.

Two sets of eight measurements differing in any particular

can never indicate the same field. It is very important

to notice that the number of quantities lequired is quite

independent of the particular nature of the measurements
adopted. We might for instance have simply measured
the latitude and the longitude of each of the four comers
of the field. Once these quantities are known, then the shape

of the field, its area, its angles, and its diagonals have all

been implicitly determined. Here again we see that as two

quantities are required to localize each of the four corners,'

so eight quantities will be required to fully determine the

whole field.

In the operations of analytical geometry we are

accustomed to specify the position of a point by the

relation which it bears to certain fixed axes. By means
of certain quantities, either altogether linear or partly linear

and partly angular, we are enabled to specify the position

of the point with absolute definiteness. These quantities

in the collected edition of Clifford's JForks, 18i.^ pp. 55-69. For a

biblicgrapby cf higher-space and non-Euclidean geometry, see articles

by George Bruce Halsted in the American Journal o/ Matkiiatics

fure and Applied, i. 261-276, 384, 385 ; ij, 65-70.
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are called the coordinates of the point. In a similar

though more extended sense we may use the word
" coordinates " to express the group of eight magnitudes

which wo have found to be adequate to the complete

specification of the field. By the measurement of the field

in the most complete sense of the term we mean the

measurement of its eight coordinates.

Suppose that an object is completely specified by n coordi-

nates, then every different group of n coordinates will

specify a different object. The entire group of such objects

will form what is called a continuously extended manifold-

ness. The singly extended manifoldness may be most

conveniently illustrated by the conception of time, the

various epochs of which are the elements in the manifold-

ness. Space is a triply extended manifoldness whereof

the elements are points. All conceivable spheres form a

quadruply extended manifoldness. All conceivable triangles

in space (orm a manifoldness of nine dimensions. The

number of coordinates required to specify the position of an

element in a manifoldness is thus equal to the order of the

manifoldness itself. It is important to observe that the

elements of the manifoldness may be themselves objects of

no little complexit}'. Thus, for instance, the conies forming

a confocal group constitute the elements of a singly ex-

tended manifoldness.

The essential feature of a singly extended manifoldness

is that a continuous progress of an element can take

place only in two directions, either forwards or'backwards.

But a singly extended manifoldness may be regarded as

itself an element in a manifoldness of a higher order.

Thus the points on a circle form a singly extended manifold-

ness, while the circle itself is one element of the manifold-

ness which consists of a series of concentric circles. The
system of concentric circles may in like manner be regarded

as an element in the manifoldness which embraces all

Bystoms of concentric circles whose centres lie along a

given line. We are thus led to conceive of a multiply

extended manifoldness as made up by the successive com-

position of singly extended manifoldnesses.

It follows from the conception of a" manifoldness that in

the case of a singly extended manifoldness the position of

every element must bo capable of being completely specified

by a single quantity. It becomes natural to associate with

each element of the manifoldness a special numerical magni-

tude. These magnitudes may vary from - oo to -t- co ; to

each magnitude will correspond one element of the manifold-

ness, and conversely each element of the manifoldness" is

completely specified whenever the appropriate number has

been assigned. It is quite possible to have this association

of numerical magnitude with the actual position of an
element independent of any ordinary metrical relations of

the system; it will, however, most usually be found that the

numerical magnitudes chosen are such as admit of direct

interpretations for the particular manifoldness under con-

eideration. Thus, for instance, in the case of the system
of concentric circles it will bo natural to associate with
each circle its radius, and the position of each circle in the

manifoldness will thus be completely defined by the radius.

So also in the case of that singly extended manifoldness

which consists of colours, it will be« natural to employ
us the number which specifies each particular colour

the wave-length to which that particular colour corre-

uponds.

If the elements of such a manifoldness can receive a simultaneous
displftccmont, then it is plain that to each clement in the original
position »-iU correspond an element in the second position. Let x
and y bo the numerical magnitudes correlated to these two elements.
Then, since tlio relation must be of the one-to-one type, it is

uocessary that tho magnitudes x and y must bo connected by an
equation of the type

axy + bx + cy + d-0.

It follows from this that there are a pair of elements which are

common to both systems, for if a;- y we hare the equatiou

ax'+ {b + c)x + d-0.

The original equation may be written in the form

ari/ + (6- u)x + (c + a)y + d=-0

,

and whatever value a> may have this equation will lead to the same
quadratic for the two common elements. We thus have a singly

infinite number of displacements which are compatible with the

condition that the two fundamental elements shall remaia
unaltered, and it is displacements of this kind which express the

movements of a rigid system.

The position of a point is to be defined by three

coordinates. In our ordinary conception of coordinates

the position of the point is defined by certain measure-

ments, and thus it would seem that the very mention of

coordinates had already presupposed the idea of distance.

This, however, need not be the case. We can assume a

point in space to be completely defined by three purely

numerical quantities. It will be supposed that to each

group of three coordinates corresponds one point, and that

conversely to one point will correspond three coordinates

and no ambiguity is to te present. This latter considera-

tion will exclude from our present view such cases as

those where the position of a point is defined by a line

and two angles, because angles are subject to a well-known

ambiguity amounting to any even multiple of w. In this

case it would not be true that to one point corresponds

one set .of coordinates, although the converse may bo

correct.

It is necessary to understand clearly the nature of the

suppositions which are made with regard to space by this

assumption. Let x, y, z and x, y , z be the coordinates

of two points a and a'. Now x, y, z can change continu-

ously by any law into x', y', z'. Each intermediate stage

will give the coordinates of a point. It must thus be

possible to pass continuously in an infinite number of ways
from the point a to the point a. Ws" thus assume that

space is continuous when we have assumed that its points

are represented by coordinates. It must be observed that

we predicate nothing as to space which is not involved in

the fact that to each point corresponds one group of three

coordinates. To some extent the considerations now before

us will apply to any other continuous manifoldness which

requires three coordinates for the complete specification of

its elements. Take, for instance, a musical note. It can

be specified accurately by its pitch, intensity, and timbre.

These three quantities may be regarded as the three coordi-

nates which will discriminate one sound from tho rest.

The manifoldness comprising all musical notes is, however,

very different from the manifoldness which embraces all

the points of space. Each of these manifoldnesses is no
doubt continuous, and each of them is of three dimensions,

but the conception of distance can have no place in the

musical manifoldness. This is due to the absence from

the musical manifoldness of anything parallel with the

conception of rigidity in the space manifoldness. These

remarks will show that the conception of "distance" is

something of 'a special tj'pe even in a three-dimensioned

continuous manifoldness.

There are also other three-dimensioned and continuous

manifoldnesses from which the conception of distance is

also absent, 'take, for instance, tho manifoldness which

embrace.- all the circles that can lie in a given plane. Tho
points of such a manifoldness are the circles. It is three-

dimensioned, for two coordinates will be required for the

centre of each circle and one for its radius. It is obviously

a continuous manifoldness, for one circle may by infinitely

graduated modifications pass into any other. Yet from

this manifoldness also the conception of distance is absent.

There is no intelligible relation of one circle to another
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which is analogous to the distance which we require tc

determine.

We shall now give the investigation of Helmholtz, by
which the analytical form of the function expressing the

distance is to be ascertained {Gbttingen Nachrichten, 1868,

pp. 193 sq.).

It must be remembered that our definition of a point

will be purely analytical. Suppose three different scales

of pure quantity each extending from - oo to + co . Each
of these scales is perfectly continuous, so that, no matter

how close any two elements in the scale may be, it is

always possible to conceive the insertion of an infinite

number of intermediate elements. A point is to be defined

for our present purpose as a group of three numerical

magnitudes taken one from each of the three scales. This

conception may be stated more generally. We can conceive

n different numerical scales. Then a group of n numbers,

one from each scale, will define an element of a continuous

n-fold manifoldness.

It will be obvious that unless the theory of distance

possess a special character it will not be possible for a rigid

body to exist. Take, for instance, five points in a rigid

body ABCDE. There are ten different pairs of points

and ten corresponding distances ; all these ten distances

must remain unchanged when the body is displaced. We
may assume the position of A arbitrarily. Then after the

dislpacement B must be placed at the right distance from

A, but will only be limited by this condition to a certain

surface, C must be placed at the right distance from A
and from B, thus C will be limited to a certain curr;.

D must be placed at the proper distances from A, from B,

and from C. These conditions will be cufficient to denna

D with complete definiteness. In the same way E will be
completely defined by its distances from A, B, and C, but

as D and E are thus fully defined we have no guarantee

that the distance DE shall retain, after the translation, the

same value which it had before. This then indicates that

the function which is to express the distance must have a

very special form. Any arbitrary function of the six

coordinates of the two points would in general not fulfil

the condition that the distance DE after the transforma-

tion will retain the same value as it had before. K a

greater number of points than five be taken, the conditions

which a rigid system must fulfil become still more nnme-
itOUSl

Let K, J/," I be the coordinates of a point in a rigid body free to

Tntato around a point. We shall assume that x, y, z is in the

vicinity of the fixed point, and that the displacement of the body is

such that a second point remains unaltered. In other words, the
displacement is to be a rotation around a line joining the two
points, and we shall also assume that when this rotation has been
completed every point will be restored to its original position. Let
7j bo the angle of rotation around the axis, then x, y, z will all be

functions of n, and we may assume that the following equations will

hold—

dri

dv .

d„'
a^ + b.jy + c^ ,

lirthe first place it is plain that these difTerential coefficients must
be functions of x, y,:, and, these functions being expanded in ascend-
ing powers, we may omit all powers above the first. It will also

be obvious that the absolute terms must be zero as the origin is by
li^othesis to be a fixed point. As the displacement is a rotation,

it follows that the differential coefficients must be zero for certain
yalues o( r, y, z different from zero, but this involves the condition

"o
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If the boJy receives both tho rotation n and the rotation ij'

then the joint effect of these two rot^t.ions must be eijual to that

of a single rotation ^, so that

dtp dj] di{

dY dY dY
dtp d-Tj d-q'

dZ dTi dTi

dtp drt dr{
*

or uniting the two sets of eijuations we have

, — ojX + <uY + cjZ .

As this movement must also bo a rotation, the three right-hand mem-
bers must be capable of being rendered zero for certain values of

X, Y, Z, and therefore we have (remembering that Oj + i'j-O)

= 0.=0 .

Oj ,

"o

This condition reduces to

or a„a)' + u(oii'(,-OQi',) — 0.

This equation must be satisfied for every value of a ; for, whatever

be the amplitudes of the two rotations, they must when com-

pounded be equal to a single rotation. We therefore have the

conditions

Oo-O

To satisfy the latter condition either a, or v, must be equal to zero.

We must examine which of these two conditions is required by the

problem. Since o, is equal to zero wo have

rfX „

—,.a,X + .iZ

dZ

dri'
; — OjX ,

If Vi^ were zero then the first equation would show X to be con-

stant ; and the result would be that

Y— B,Xi) + Jaj^iXr)' -f const.

;

or, in other words, Y would be susceptible of indefinite increase with
the increase of 7). , The supposition »(, — is therefore precluded, and
we are forced to admit tnat a,-0. The three equations then
reduce to

rfX _

dY _

dZ
-, — ttjX ,

Jf the body receives a rotation V' about an axis which leaves X and
\r unaltered, we then have

f,-/.X+j,Y.fO

rfY

dZ

The condition that the two roots of h shall be purely imaginary
(ives U3

^
Let this rotation and the first rotation be communicated together.

The resulting rotation could have been produced by a rotation x>And thus we nave
dX_dX^dX
dx rfi) rfV'

dY rfY rfY

dx
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wliich when expanded gives

It is Uierefore necessary tliat

But, as this is homogeneous in the two component rotations involved,

it docs not follow that the separate terms of this cination must
neeessarily he tero. W* mtitfy this condition by writing

and toj = -
•'d

•

Let the body next receive any displacement, Srj, 87)', and in",

then we have in general

with similar et^uations for SY and SZ.

By substitution these equations become

SX = - <i.ytZ!i»' - *^i Y«7j-

JY = - wZStj +/jX5»;"

6Z= + uYSij + a^^^n'

'

If we multiply the first of these equations by X, the second by iY,

and the third by A-Z, and add, we find

X5X + i-Y5Y + iZ8Z =

or X' + iY= + /!.Z« = const.

Here vre have attained the fundamental property which the

coordinates roust satisfy. If k be equal to unity then we have the

well-known condition of ordinary space and ordinary reclangulai

coorJinates, but it will be seen that tliere is nothing in the preced-

ing investigation to make it necessary that k should be unity.

There are therefore a singly infinite variety of spaces in which it is

possible for a rigid body to bo displaced. The different values of

k thus correspond to the different "curvatures" which a space

might have while it still retained the fundamental property which

is necessary for measurement by congruence.

It will now be proper to study the special charac-

teristics of the space with which we are familiar. It has

been called flat space or homaloidal space to distinguish it

from otner spaces in which the curvature is not zero. It

is manifest that the characteristic features of our space are

not necessarily implied in the general notion of an extended

quantity of three dimensions and of the mobility of rigid

figures therein. The characteristic features of our space

are not necessities of thought, and the truth of Euclid's

axioms, in so far as they specially differentiate our space

from other conceivable spaces, must be established by
experience and by experience only.

The special feature of our space, by which it is distin-

guished from spherical space on the one hand and pseudo-

Bpherical space on the other hand, depends upon what
Kiemann calls the measure of curvature. If the sum of

the three angles of a triangle is to be two right angles, and
if the geometrical similarity of large figures and small

figures is to be possible, then the measure of curvature

must be zero. Now all measurements that can be made
seem to confirm the axiom of parallels and seem to show
the measure of curvature of our space to be indistinguish-

able from zero.

It can be proved that the amount by which the three

angles of a triangle would differ from two right angles in

carved space depends upon the area of the triangle. The
greater the area of the triangle the greater is the difference.

To test the famous proposition, Euclid i. 32, it will there-

fore not be sufficient to measure small triangles. It might
be contended that in small triangles the difference between
the sum of the three angles and two right angles was so
small as to be inextricably mixed up with the unavoidable
errors of measurement. Seeing therefore that small
briauglN obey the law, it is necessary to measure large
triangles, and the largest triangles to which we have access
are, of course, the triangles which the astronomers have
found means of measuring. The largest available triangles

ire those which have the diameter of the earth's orbit as a
base and a fixed star at the vertex.'. It is a very curious

I

circumstance that the investigations of annual parallas

( of the stars are precisely the investigations which would
be necessary to test whether one of these mighty triangles

had the sum of its three angles equal to two right angles.

It must be admitted that the parallax-seeking astronomers

have never yet found any reason to think that there is any
measurable difference. If there were such a difference it

would probably be inextricably mixed up with the annual

parallax itself. Were space really pseudospherical, then
stars would exhibit a real parallax even if they werrf

infinitely distant. Astronomers have sometimes becri

puzzled by obtaining a negative parallax as the result o<

their labours. No doubt this has generally or indeed al-

ways arisen from the errorswhich are inevitable in inquiries

of this nature, but if space were really curved then a nega-

tive parallax might result from observations which possessed

mathematical perfection.

It must, however, be remembered that even tlie triangles

of the parallax investigations are utterly insignificant

when compared with the din\ensions of space itself.

Even the whole visible universe must be only an uncon-

celvably small atom when viewed in its true relation to

infinite space. It may well be that even with the parallax

triangles our opportunities of testing the proposition are

utterly inadequate to pronounce on the presence or absence

cf curvature in space. It must remain an open question

whether if we had large enough triangles the sum of the

three angles would still be two right angles.

Helmholtz illustrates the subject by considering tli«

representation of space which is obtained in a spherical

mirror. A mirror of this kind represents the objects in

front of it in apparently fixed positions behind the mirror.

The images of the sun and of other distant objects will lie

behind the mirror at a distance equal to its focal length,

or, to quote the description of Helmholtz

—

"The image of a man measuring with a rule a straight line from
the mirror would contract more and more the farther lie went, but

with his shrunken rule the man in the image would count out

exactly the same number of centimetres as the real man. .4nd in

general .all geometrical measurements of lines or angles m.ade with
regularly varying images of real instruments would jield exactly

the same results as in the outer world. All congruent bodies would
coincide on being applied to one another in the mirror as in the

outer world. All lines of sight in the outer world would be repre-

sented by straight lines of sight in the mirror. In shoit I do not

see how men iu the mirror are to discover that their bodies are not

rigid solids and their experitnces good examples of the correctness

of Euclid's axioms. But if they couhl look out upon our world as

we can look into theirs, without overstepping the boundaiy, they

must declare it to be a picture in a spherical mirror, and would
speak of us just as we speak of them ; and If two inhabitants of the

different worlds could communicate with one another, neither so far

as I can see would be able to convince the other that he had the

true, the other the distorted relations. Indeed I cannot see that

such a question would have any meaning at all so long as mcchaai-

cal considerations are not mixed up with it."

A very important contribution to this subject has been

made by Professor Simon Newcomb, entitled "Elementary

Theorems Relating to the Geometry of a Space of Three

Dimensions and of Uniform Positive Curvature in the

Fourth Dimension," see Jour. /. d. reine und angewandte

Math., vol. Ixxxiii., Berlin, 1877.

He commences by assuming the three following postulates:

—

1 " That space is triply extended, unbounded, without properties

dependent either upon position or direction, and possessing such

planencss (in its smallest parts that both the postulates of the

Euclidean geometry and our common conceptions of the relations

of the parts of space are true for every indefinitely small region in

space."

2. " That this space is affected with such curvature that a right

line shall always return into itself at the end of a finite and real

distance 2D without losing in any part of its coui-se that symmetry

with respect to space on all sides of it which constitutes th« funda-

mental property of our conception of it."

3. "That if two right lines emanate from the same pomt making

thB indefinite';? small angle a with each other, their distance apait
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fit the (Iktance r from ttie point of intetscction will b« given by
tlie cc^uatiou

2oD . rr .,

Newcomh also assumes that two straight lines intersect only in a
single point. He defines a " complete right lino " as one returning
into itself, as supposed in postulate 2. Any small portion of it is to

be conceived as a Euclidean right line. The locus of all complete
right lines passing through the same point and touching a Euclidean
plane through that point will he called a "complete plane."
A " region " will mean any indefinitely small portion of space in

which we are to conceive of the Euclidean geometry as holding true.

Newcomb then proceeds to demoustrato the following proposi-
tions.

I. All complete nght lines are of the same length 2D. Hence D
is the greatest possible distance at which the points can be situated,

it being sujipnsed that the distance is measured on the line of least

absolute length."

II. The complete nlane is a Euclidean piano in every region of

its extent.

III. Every system of right linos passing through a common
point A and making an indefinitely small angle with each other are

parallel to each other in the region A' at distance D.
IV. If a system of right lines pass in the same plane through A

the locus of their most distant jwints will be a complete right
line.

V. Tlie locus of all the points at distance D from a fixed point
A is a complete plane, and indeed a double plane if we consider as

distinct the coincident surfaces in which the two opposite lines

meet.
VI. Conversely, all right lines perpendicular io the same com-

|Jete plane meet in a poiut at the distance D on each side of the
plane.

VII. For every complete right lino thero is a conjugate com-
plete right line such that every point of the one is at distance D
from every point of the other.

VIII. Any two planes in space have as a common perpendicular
the right lino joining their poles, and intersect each other in the
conjugate to that right line.

IX. If a system of right lines pass through a point, their con-
jugates will be in the polar plane of that point. If they also be
in the same plane the conjugates will all pass through the pole of
that plane.

X. The relation between the sides a, i, e of a plane triangle in
curved space and their opposite angles A, B, C will be the same as

in a Euclidean spherical triangle of which the corresponding sides

are ^ ^ EZ .

2D' 2D' 2U
XI. Space is finite, and its total volume admits of being definitely

expressed by a number of Euclidean solid units which is a function
ofD.

QT\J
XII. The total volume of space is ^^ ,

IT

XIII. The two sides of a complete plane are not distinct, as in a
Euclidean surface.

XIV. If moving along aright line we erect an indefinite series
of perpendiculars each in the same Euclidean plane with the one
which precedes it, then on completing the line and returning to
our starting point, the perpendiculars will be found pointing in a
direction the >.pposito of that with which we started.
Newcomb concludes thus: " It may be also remarked th.it there

is nothing within our experience which will justify a denial of the
possibility that the space in which we find ourselves may be curved
;n the manner hero supjiosod. It might be claimed that the dis-
tance of the farthest visible star is but a small fraction of the
greatest distance D, but nothing more. The subjective impossibility
of conceiving of the relation of the most distant points in such a
space docs not render its existence incredible. In fact our difficulty
is not unlike that which must have been felt by the first man to
whom the idea of the sphericity of the earth was suggested in con-
ceiving how by travelling in a constant direction he could return to
the point from which ho started without during his journey feel-
ing any sensible change in the direction of gravity."
A sketch of the non-Euclidean geometry is given by Professor

O. Chryslal in the J'roe. Jtoy. Soe. Edin., vol. x., session
1879-80. The study of this paper is recommended to all who
desire to study the elements of what has been called "pangeo-
metry." A more extensive work, which contains the theories
of Riemann and llolmholtz, is J. Frischaufs^/emente der absoliUen
OeometHe, Lcipsic, 1876.

A fundamental step in the abstmct theory of tneasure-
meiit was taken by Professor Cayley in his " Sixth Memoir
upon Qut'tics," Philosophical Transactions, vol. cxlix.

(1869). The theory thus originated by Cayley has been

more fully developed by Klein in his memoir '' Ueber dio

nicht-EuclidiscIie geometrie," MalAematische Annalen, voL
iv. p. 573. We shall liere enter into this theory iu some
detail, for in it lies the true foundation of geometrical

nteasurement. A sketch of tho theory was given by the

author of the present article in Ilermatltma, iJo. vi. pn
500-541, Dublin, 1879.

This theory may be regarded merely as a more general-

ized method of measuring distances and angles in ordinary

space, but the results to which it leads are in many respects

identical with those to which we are conducted by the

theory just discussed. For instance, NewcomVs principle

as to the length of the shortest distance between two points

never exceeding a certain magnitude is common to his theory

and to Cayley's. The theory of Cayley has, however,
claims on our attention of a special kind. We here deal

with the space with which Euclid has made us familiar,

only observing that it is the measurements in that space

which are to be conducted on a more general principle.

We commence by assuming the existence of a, certain

surface called the "fundamental quadric," often called

"the absolute." By the aid of this quadric and an arbitrary

constant c we determine the generalized distance between
the points in accordance with the following definition :

—

The distance letween, two points is equal to c times tht

logarithm of the anharmonic ratio in which the line joining

the two points is divided by the fundamental quadric.

Let us first test this theory by a very obvious princiiile whicTi
any theory of distance ought to fulfil. It is plain that, if F, Q, E
bo three collineai' points, then inordinary measurement we ought to
have

PQ+QR=PR;
but it is easy to see that this condition is fulfilled in the gencralizej
measurement. Let the line PQ cut the fundamental quadric in Uit
two points X, Y, then we have

PQ = cIog(PX^PY)-(;log(QX-T-QY)

QR= cIog(QX-rQY)-clog{KX-=-RY)

PR = clog(PX-^PY)-clog(RX-^RY)

;

whence, as in the ordinary measures,

rQ+QR=PR.
It is also obvious that ir tho generalized as in tho ordinaiy
nieasures

(PQ)=-(QP),

and that the distance between tho coincident points is eaual to
zero.

From an obvious property of logarithms we also learn the im-
portant fact that the generalized distance between" tho points is

indeterminate to the extent of any integral number of tho periods
2«;V.

The distance from any point to its harmonic conjugate with
respect to the two fundamental points is equal to ciir. We thus
see that the distance between any two harmonic conjugates is con-
stant. It is usual to make the arbitrary constant c equal to - i-T-2,

in which case we see that the distance between the two harmonic
conjugates is equal to T-f2. It can also be shown that, if the two
absolute points on a right line coalesce, then the generalized system
of measurement degrades to the ordinary system. The two abso-
lute points are at an infinite distance from every other point, so
tliat in the generalized system of measurement every right line has
two points at infinity, and in general all the points in ."ipaco which
lie at infinity are situated on the fundamental quadric.

In ordinary geometry we define a circle to be the locus of a point
which is at a constant distance from a given point. In the more
generalized geometry wo retain the same definition of the circle,

only observing that tho distance to bo constant must bo expressed
in tho generalized manner. Tho plane of course cuts the absoluto
iu a conic section, so that the determination of the circle whose
centre is C is the following problem in conic sections:—Through a
fi.Ncd point a straight lino OP is drawn which cuts a given conic
in the points X, Y ; determine the locus of P so that the anhar.
monic ratio (0, P, X, Y) shall remain constant.

This problem is most readily solved by projecting the conic into
a circle the centre of which is tho projection of O. The problem
then assumes the very simple form. On tho diameter of a fixed
circle a point P is taken so that tho anharmonic ratio of the four
iiointscsnsistingof P', the centre 0', and the two points in which tlio

line O'P" cuts the circle remains wiutaQt It is required to find
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the locus of 1". The solution is obvious, and hence we learn that

B conic which has double contact with the fundamental conic is

a circle in the generalized sense, and the centre ot that circle is the

pole of the chord of contact.

A system of conies which have double contact with the fundamen-
tal conic in the same two points fui in a system of concentric circles,

and the centre of the system is the pole of the chord of contact.

Wo are accustomed in ordinary geometry to ddiuit that every circle

passes through the two im.ngiiiaiy circular poiuts at infinity. This

IS the specialized form ot the general theorem whicli asserts that

every circle has double contact with the fuudameatal conic The two
theorems indeed coincide if the fundamental cuuic degrades to the

infinity of ordinary measurement,
A critical case is presented when the chord through coincides

with either of the two tangents which may be drawn from to the

fundamental conic. The two fundamental points then coincide, and
hence the distance between any two points on a tangent to the

fundamental conio is equal to zero. We have thus the curious

result that in every system of concentric circles, including even the

fundamental conic itself, the two points common to the oystem of

circles are at the distance zero from the centre of the system. In
fact the pair of tangents from the centra may bo regarded as a conic

having double contact with the fundamental conic, and therefore

forming one of the circles of the concentric system of which the

radius is zero.

The reader will at once perceive the analogy to a well-known
phenomenon in ordinary geometry. The equatioa in rectangular
coordinates

denotes either a citcle of which the radius is zero or the pair of

lines

x±\/~li/ = 0;

in t]l» Uttw «»• we are obliged to admit that the distance of any
point on either of these lines from their intersection is eijual to

zero.

We have now to consider the displacement of a rigid figure, and
we shall for the present speak only of a plane movement. Wo
shall first show that it is possible for a plane figure to receive such
a, displacement that the distance between every two points in the

figure after the displacement'is equal to what it was before.

Let X, y, z be the trilinear coordinates of a point in a plane, and
suppose that x', t/, s' are tho coordinates of the position to which
this point is transferred in accordance with the linear transfor-

inatiou

x'^ax +6j/ +CI
y' = ax + b'y + c';

/ = a"x + b"y + c"z

.

There are in general three points in the plane which are not
tltered by thia transformation ; for, if we assume

x^=px, 2/'=py, ~'=-p:,

we have for p the cubic equation

-p, 6 , c

, b'-p , c'

•
, b" , c"-

The three values of p which satisfy this equation determine the

coordinate* oE th» three points. It is natural to take the sides of

the triangle formed by these three points as the three lines of refer-

ence, in which case, if a, (3, y be constants, the system of equations

assume the simple form

It is easily shown that four coUinear points before the transforma-

tion are collinear after the transformation, and that their anhar-
monic ratio is unaltered.

This general form of linear transformation must be specialized in

order to represent the movement. As no finite movement can either

bring a point to infinity or from infinity, it is obvious that tho

displacement must be such as to leave tho fundamental conic
unaltered. It is easily seen that the specification of the transforma-

tion in its general form requires eight con.stants ; viz., the ratios of

the nine quantities a, b, c, a', b', c', a", i", e". AVa may imagine
live of these constants to be disposed of by the provision that the

conio shall remain unaltered. There will still remain three dis-

posable constants to give variety to the possible displacements.
Although the fundamental conic will coincide with itself after

the transformation, yet it generally happens that each point thereon
will slide along the conic during the transformation. It is, how-
ever, very iraporlant to observe that there are two exceptions to this

statement.

Let 0, A, B, C be four points upon the fundamental conic which
by transformation move into the positioni C, A', B', C. If OX be

jpue of the double rays of the systems OA, OB, OC and OA', OB',

OC, and if we use the ordinary notation for nnhannonic pencils,

then we have
0(A, B, C, X) = 0(A', B', C, X).

But tho anharmonic ratio subtended by four points on a conic at

any fifth point is constant, whence

0(A', B', C, X) = 0'(.V, B', C. X),
and therefore

0(.\, B, C, X)"0'(A', B', C, X).

Suppose the transformation moved X to X', then since the an-

harmonic ratio of a pencil is unaltered by transformation wo havo

0(A, B. C, X)-0(.V. B'. C, X')i

whence
0'(A', B", C, X) = 0'(A'B'C'X');

but this can only bo true if the rays 0'.\ and O'X' are coincident,

in which case X and .X' are coincident, whence it follows that tho

point X hAS remained unaltered notwithstanding tlio transforma^
tiou. Similar reasoning applies co tho point Y defined by the other
double ray, and hence we have the following theorem:

—

III thai linear tratisformalion of the points in a plana which oun-

.itUutes a generalized movement, tlicre aro two points upon the

Jandamental eonic which remain unchanged.

It also follows that the tangents to the fundamental conic at tho
points X and Y, as well as the chord of contact, must remain
unaltered. These two tangents and their chord of contact must
therefore form the triangle of reference to which we were previously

conducted by the general theory of this transformation.

It will now easily appear how a transformation of this kind ih

really a displacment of a rigid plane. The distance between eacli

pair of poipts is expressed by an anharmonic ratio; such ratios are

unchanged by the transformation, and the two points which lay on
the absolute originally are also there after the transformation. It

therefore appears that the distance in the generalized sense between
every pair ot points is unchanged by the transformation. In other

words, a rigid system will admit of a displacement of the kind now-

under consideration.

If we denote the two tangents at the unaltered points on the conic
by a; = 0, 2/ = 0, and the chord of contact by : = 0,' then the equation
to the absolute is

a;y-iV = 0.

Transforiiiing this equation by the substitution

i^^ax, ij = ^y, -=7*1

we see that the condition a3 =y must be fulfilled.

It is very remarkable that the fundamental conic is only ono of a.

family of conies, each of which remains unaltered by the transforma-

tion. In fact every generalized circle of which the intersection of

tho two tangents is the centre has for its equation xy - K:? ; and,

whatever h may be, this circle remains unaltered by the transfor-

mation. Hence we have tho following remarkable theorem:

—

When a plane rigid system is displaced npon itself tlicre is ojie

point of the system which remains unaltered, and all the circles

which have as their centre remain unaltered also.

It is quite natural to speak of this motion as a "rotation," sail

thus we may assert the truth in generalized measurement of the
well-known theorem in ordinary geometry that

Every displacement of a plane upon itself could have been produced
by a rotation of the plane around a certain point in the plane.

Notwithstanding the rotation of the plane round 0, the two
tangents from to the lundamental conic and also their chord of

intersection, or the polar of 0, remain unaltered; each point on the

polar of is displaced along the polar, and we would in ordinary

geometry call this motion a translation parallel to the polar. It

thus appears that, in the sense now attributed to the words rota-

tion and translation, a rotation round a point is identical with a.

translation along the polar of the point.

Another point on which the present theory throws light on tho

ordinary geometry must be here alluded to. We have seen that

the two tangents from to the fundamental conic remain unchanged
during the rotation of the plane round O. It certainly does seem
paradoxical to assert that a plane, and all it contains aro rotated

around a point, and that nevertheless this operation does not alter

the position of a certain pair of lines in the plane which pass through

the point. But have we not precisely the same diflitulty in

ordinary geometry ? Let us suppose that a plane pencil of rajs is

rotated through an angle S about the origin. Then a line throuch

the origin whose equation before the rotation was

X-|-Ay=0
becomes after the rotation

xco3 9 + ysin8 + /i(!/cos9-a;siue) = 0..,

Tho lines thus represented are of course in general diflcrent, but

they will be the same if

1 + ?1,==0.

It follows that even in ordinary geometry the two lines x-hiyn
remain unaltered notwithstanding the rotation of the plane whicit
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contains them around tlicir intersection. The two lines here

referred to are of course those which are drawn through the two
cii-cul^\r points at infinity. This parado.'c is therefore only a

degraded form of the property of tlie tangents to the fundamental

conic.

It can also be readily shown that, \l' a plaiic receive two small

rotations round two points, then the total rotation produced could

have been produced by a sinyle rotation about a certain point on the

line Joininrf the two points.

Let A, B be the two points and P the pole of the line AB, then

a rot.ition round A will displace B along the line PBto an adjacent

point B'. The rotation around B will displace A to A' along the

line PA ; but, if A'B' intersects AB in 0, then a single rotation

about O would have elferted the required displacement of A and B,

and therefore of the whole line. For, as the point in the line AB
could only move by displacement into the line A'B', while it can

also only move in the direction OP, it must obviously remain
unaltered.

We are now in a position to inquire how the magnitude of

an angle is to be expressed in the present system of measurement.
Our definition of the magnitude of an angle must be made consist-

ent with the supposition that when the angle is carried round by
rotation about the vertex the magnitude shall remain unaltered.

As anharmonic ratios are unaltered by the rotation, it follows that

the anharmonic ratio of the pencil formed by the two legs of the

angle and the two tangents to the fundamental conic must remain

unaltered. Remembering that the tangents do not move by the

rotation, it is natural to choose a function of this anharmonic ratio

as the appropriate measure of an angle. The question still remains

as to what function should be chosen. The student of ordinary

geometry is doubtless aware that the angle between two lines multi-

plied into 2s is equal to the logarithm of the anharmonic ratio of

the pencil formed by joining the intersection of the two lines to the

two imaginary circular puints at infinity. This consideration

suggests that tlie angle between the straight lines in the generalized

sense may be appropriately measured by the logarithm of the

anharmonic ratio of tne pencil formed by the two legs of the angle
and the two tangents drawn from their point of intersection to the
fundamental conic. There is also a convenience in assuming the

angle to be actually equal to c times the logarithm of the anhar-

monic ratio, where c is. the same constant as is employed in the

expression of the distance. In this case the angle between two
lines is by a well-known theorem equal to the distance between

their poles. There is here an analogy to a well-known theorem
in spherical geometry.

It will now be obvious that, however the angle be situated, its

magnitude is unchanged by any displacement of the plane ; for, as

we have already seen that the displacement does not alter the dis-

tance between the poles of the two lines forming the angle, it follows

that the magnitude of the angle itself is unaltered.

Just as in the measurement of distance we find a pair of funda-

mental points on each straight line, so in the measurement of angles

WB find a pair of fundamental rays in each plane pencil. These
rays are the two tangents from the vertex of the pencil to the funda-
mental conic In ordinary geometry the two fundamental points

on each straight line coalesce into the single point at infinity ; but
it is exceedingly interesting to observe that even in ordinary
geometry the two fundamental rays on each pencil do not coincide.

It should also be observed that in the degraded circumstances of

ordinary geometry it would be impracticable to employ the same
constant c for the purpose of both linear and angular measurement.

It is easy to see that the definition of a right angle in the gene-

ralized sense is embodied in the statement that "if two corre-

sponding legs of an harmonic pencil touch the fundamental conic

then the tivo other legs are at right angles." We also see that all

the perpendiculars to a given line pass through a point, i.e., tho
pole of the given line ; and from a given point a perpendicular can
be drawn to a given line by joining the point to the polo

of the line. The common perpendicular to two lines is obtained by
joining their poles.

Tho student of modern geometry is already accustomed to think
of parallel lines as lines which intersect at infinity, or as lines whose
inclination is zero. In speaking of tho generalized geometry in a
plane, we may define that tifo straight lines which intersect upon the

fundamental conic arc parallel. It thus foUowsthat through any
point two distinct parallels can be drawn to a given straight line.

The only exception will arise in the c.iso where the given line

touchis the fundamental conic. This is precisely the case in which
the generalized system of measurement degrades to the ordinary
system. It will follow that in the present theory of measurement the
three angles of a triangle are togetner not equal to two right angles.

In fact, to take an extreme case, we may suppose tho three vertices

of the triangle to lie upon the fundamental conic In this case

each .of the three angles, and therefore their sum, is equal to

zero.

A sphere in the generalized system of measurement is the locun

of a poiut which move at a constiut dL«tauc« from a fixed point.

It can therefore be easily shown that a sphere is a quadric which
touches the fundamental quadric along its intersection with the
polar plane of the centre of the sphere.

In discussing the general case of the displacement of a rigid

system it will simplify matters to suppose that the fundamental
quadric has real rectilinear generators. It must, however, be
understood that the results are not on that account less general.

A displacement must not alter the quadric, and must not deform a

straight line. Hence it follows that the only elfect of a displace-

ment upon a generator of the fundamental quadric will be to con-
vey it to a position previously occupied by a different generator.

We shall further suppose that the displacement is such that the
two generators to which we have referred belong to the same system.

Let A, B, C, D be four generators of the first system which by dis-

placement are brought to coincide with four other generators

A', B', C, D'. Let X be oue generator of the second system which
the displacement brings to X'. Since the anharmonic ratio of the
four points in which four fixed generators of the one system are cut

by any generator of the other system is constant, we must have,

using an obvious notation for anharmonic ratio,

X(ABCD) = X'(ABCD);

but, since anharmonic ratios arc unaltered by displacement, we
have

X(ABCD) = X'(.VB'C"D'),

whence
X'(ABCD)=.X'(A'B'C'D').

It therefore follows that the anharmonic ratio in which four

generators cut a fixed generator X' is equal to the anharmonic ratio

in which the four generators after displacement cut the same
generator X'.

If P be a generator which passes through one of the double points

on X' deterf lined by the two systems of points in which X' is cut
by the four generators before and after displacement, we must
have

X(A, B, C, P)=.X'(A', B', C, P)

;

heuce we see that the generator P will be unaltered by disjdace-

ment. Similar reasoning applies to the generator which passes

through the other double point, and of course to a pair of generators

of the second system, and hence we have the following remarkable

"theorem :

—

In the most general displacement of a rigid system two generators

of each of the systems on the fundamental quadric remain unaltered.

These four fixed generators are the edges of a tetrahedron. Denot-
ing the four faces of this tetrahedron by the equations

x = 0, 7/ = 0, = = 0, M) = 0,

the equation of the fundamental quadric is

xz-\-h-yw = <i.

If the quadric bo unaltered by the transformation

z'= o.r, y' = 0l/, z' = y^, w'-Sk-,
then we must have

When this condition is satisfied, then, whatever h may be, every

quadric of the family
xz+hyw=-0

will remain unaltered.

The family of quadrics here indicated are analogous to the right

circular cylinders which have for a common axis the screw along

which any displacement of a rigid body in ordinary space may be

effected. •

The two lines

a-0, j-0
and

2/=0, 1C-0

are conjugate polars with respect to the fundamental quadric, and
both these lines are unaltered by the displacement. Hence we see

that in any displacement of a rigid system there are two right

lines which remain unaltered, and these lines are conjugate polars

with respect to the fundamental quadric.

Since tho pole of a plane through one of these lines lies on the

other line, it appears that a rotation of a rigid system about a
straight line is identical with a translation of the system along its

conjugate polar.

Clifford has pointed out the real nature of the lines which are to

be called parallel in the generalized system of measurement. Wo
have explained that in the piano two parallel lines intersect upon
the fiindamental conic; in a certain sense also we may consider

two lines in space of three dimensions to be parallel whenever they

intctseot upon tho fundamental qiuadric. This is the view of

parallel lines to which we are conducted by simply generalizing the

property that two parallel lines intersect at infinity. But we can

take a different definition of two parallel lines. Let us, for example,

call two lines parallel when they admit of an indefinitely largo

number of common perpendiculars. It is exceedingly intcrestinjj
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to observe t!ml when this condition is fulfilled in the generalized

|

iiystcm of measurement the parallel lines so obtained enjoy many of

the properties of ordinary parallel lines. The perpendicular dis-

tance between such a pair of parallels is constant, and the angles

which they make with any common transversal are eqnal.

It wiU bo shown in a moment that any pair of straij;ht lines

which intersect the same two generators of the same system on the

fundamental quadric are parallel in this new sense. The fact is

that in the degraded circumstances of ordinary geometry two quite

ilill'erent conceptions have become confused, A pair of lines wliich

intersect ou the fundamental quadric and a pair of lines which

intersect the same pair of generators of the same kind on the funda-

mental quadric are quite dilfeient conceptions ; but when the funda-

mental quadric degrades to the ordinary infinity then the concep-

tions coalesce, and each of them is merely a pair of parallel lines in

the ordinary sense of the word. The ordinary properties of parallel

lines have all their analogues in the generalized geometry, but these

analogues are distributed between the two original sources of

parallels. Clifford proposes to retain the word "parallel" in non-

Euclidean space for that conception which exhibits the more remark-

able properties of ordinary space, and defines as follows :

—

Straight lines vihich inlersfct the same two generators of t!ie same
eystem on this fundamental quadric are parallel.

Let X and Y be two rectilinear generators of the fundamental
quadric belonging to the same system, and letA and B be two straight

lines which intersect both X and Y. Since AX and AY are tangent

planes their poles must lie on X and Y respectively, and therefore

A' (and B'), the polar of A (and B), must intersect both X and Y.
The anharmonic ratio of the four points in which X intersects

AB, A'B' respectively is equal to that of the tangent planes drawn
at the points where X intersects A'B', AB respectively ; and, as all

these tangent planes contain X, their anharmonic ratio must be
equal to that in which they are cut by the line Y. It hence
follows that the lines X and Y are divided equianharmonicall}- by
the four rays A, B, A',B', and therefore the four rays A, B, A', B' must
be all generators of the same system on an hyperboloid. An infinito

number of transversals can therefore be drawn to intersect these

four rays, that is to say, an infinito number of common perpendicu-

lars can be drawn to the two rays A and B, and it is easy to show
that the lengths of all these perpendiculars are equal.

Clifford has proved the very remarkable theorem that rotations

of equal amplitude about two conjugate polars have simply the

effect of translating every point operated on through equal distances

along parallel lines. This property leads to most important
consequences, but it would lead us too far to enter into the sub-

ject at present.

A memoir by the present writer on the extension of the theory
of screws to space of this -description will be found in the Trans-
actions of the Royal Irish Academy, vol. xxvii. pp. 157-184.

Units of Measurement.—A most e.tcellent account of the

unit? eaiployed in scientific measurements will be found in

Professor J. D. Everett's Units and Physical Comiaiits,

London, 1879. We shall here only give a very brief out-

line of this branch of the general theory of measurement,
referring inquirers to Everett's volume for further details.

Host of the quantities for which measurements are

needed can bo ultimately expressed by means of (1) a
definite length, (2) a definite mass, or (3) a definite interval

of time.

It is very important that the units thus referred to

should be chosen judiciously, and it mast be admitted that

the units ordinarily used do not fulfil the conditions which
a well-chosen system of units should fulfil. The most
scientific system is beyond doubt that which has been
•suggested by the units committee of the British Association.

Tn thisosystera the unit of length is the centimetre, the

unit of mass is the gramme, and the unit of time is the
second, and the system is therefore often referred to for

brevity as the C.G.S. system. The unit of force is

termed the dyne, and it is defined to be the force which,
acting upon a gramme of matter for a second, generates a
velocity of a centimetre per second. The unit of work is

the work done by this force working through a centimetre,

and this unit is termed the erq. The unit of power is

the power of doing work at the rate of one erg per second,
and the power of an engine can be specified in ergs per
second. By the prefixes deca, hecto, kilo, mega, we can
express a magnitude equal to the unit nmltiplierd by 10,

100, 1000, or.l,0:)0.000 respectively. On the other hand

the prefixes dec!, cent!, mill!, micro, signify the units

divided by 10, 100, 1000, or 1,000,000 respectively.

For comparison with the ordinary units the following

statements will be useful. The weight of a gramme at

any part of the earth's surface is about 980 dynes, or

rather less than a kilodync. Tlie weight of a kilogramme
is rather less than a megadyne, being about 980,000
dynes.

The application of these units to electrical and many other
measurements will be found in Professor Everett's book already
referred to. On the general principles of appliances for measure-
ment, see a paper by Clifford in the Handbook to the Special Loan
Collection of Scientific Apparatus, 1876, pp. 55-59, reprinted in

Clifford's .^/n(A«nta(ii«ai Papers, pp. 419-23. (R. S. B.)

MEATH, a maritime county of Ireland, in the province

of Leinster, is bounded E. by the Irish Sea, S.E. by
Dublin, S. by Kildare and King's county, W. by West-

raeath, N. W. by Cavan and Monaghan, and N.E. by Louth.

Its greatest length north and south is about 40 miles, and
its breadth east and west about 45 miles. The total area

comprises 578,247 acres, or 901 square miles.

The county forms part of the great limestone plain that

occupies the central portion of Ireland. In some districts

the surface is variegated by hills and swells, which to the

west reach a considerable elevation, although the general

features of a fine champaign country are never lost. The
coast, which is low and shelving, extends to about 10 miles,

but there is no harbour of importance. The Boyne,

whose banks are specially beautiful, enters the county

at its south-west extremity, and flowing north-east to

Drogheda divides it into two almost equal parts. At
Navan it receives the Blackwater, which flows south-west

from. Cavan. The Boyne is navigable for barges as far as

Navan, where a canal is carried to Trim. The Eoyal Canal

passes along the southern boundary of the county to

Dublin. There are no lakes of importance.

Climate and Ae/ricultHr"..—The climate is genial and
favourable for all kinds of crops, there being less rain

than even in the neighbouring counties. The principal

substratum is limestone, but there are some districts

of clay slate. Except a small portion occupied by the Bog
of Allen, the county is very verdant and fertile. The soil

is principally a rich deep loam resting on limestone gravel,

but varies from a strong clayey loam to a light sandy

gravel.

The total number of holdings in 1881 was 11,867, of which 1632
were less than 1 acre in extent, and 4300 between 5 and 15 acres.

Only 93 were above 500 acres. According to the agricultural

statistics for 1881, the area of arable land was 532,708 acres, or
92'4 per cent, of the whole area of the county, while 9599 acres

were under plantations, 11,260 bog and marsh, and 201 barren

mountain land. Of the arable land, 60,411 were under tillage,

85,893 meadow and clover, and 3S6,374 pasture. The following

table shows the area under the different crops in 1855 and 1882 :

—
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(gricultmc, but coaiso linen is noTen by hand-looms, and there
lire a few woollen manufactorios.

Railways.—The Dublin and Mcath line intersects the county
in a north-westerly direction, and separates into several branches,
while the Great Western line skirts the southern boundary.

Administration and Populatum,.—The county includes 18
baronies, 146 parishes, and 1626 townlands. Assizes are held at

Trim, and quarter sessions at Dunshauglin, Duleek, Kells, Navan,
and Trim. Two poor-law unions, Navan and Trim, are wholly with-

in the county, and parts of Ardec, Celbridge, Drogheda, Dunshauglin,
Edenderrj', Kells, and Old Castle. It is in the Dublin military dis-

trict, Bubdistrict of Birr, with barrack stations at Navan and Trim.
Ecclesiastically it is in the Meath diocese, with portions in Armagh
and Kilmore. Previous to the Union it sent fourteen members to par-

liament, but now only the two members for the county are returned.

From 81,516 in 1760 the population in 1821 had increased to

159,183, and in 1841 to 183,828, but by 1851 had diminished to

140,768, in 1871 to 95,558, and in 1881 to 87,469, of whom 44,315
were males and 43,154 females. The principal towns are Navan,
3873 ; Kells, 2822 ; and Trim, 1586. A portion of the parliamen-

tary borough of Drogheda, including 933 of the inhabitants, is also

within tlie county. The number of births in the county during tlio

ten years ending 3d March 1881 was 21,293, an average of 23 3 to

every 1000 of the population ; of deaths 16,878, an average of 18'4
;

of marriages 3165, an average of 3"6; and of emigrants 10,521, an
average of 121. From 1st May 1851 to 3i! March 1881 the total

number of emigrants was 49,375. Of the population five years old

and upwards in 1881, 227 per cent, were illiterate, the percentnge
(n 1871 being 29'9. In 1881 there were 3531 persons able to speak
Irish, but none were unable to speak English.

History and Antiquities.—According to Ptolemy, Meath was
originally inhabited by the Eblani, whose territory extended from
the Boyne to the LifTey. A district known as Meath, and includ-

ing the presen*' ^ounty of Meath as well as Westmeath and Long-
ford, with parts of Cavan, Kildare, and King's county, was in the
2d century formed by Tuathal into a kingdom to serve as mensal
land of the Ard B.& or over-king. Afterwards it was divided into

Oireamhain, now knojvnas Meath, and Eireamhain, which included
the remainder of the old kingdom. The district was frequently
subject to invasions from the Danes ; they were totally defeated at
Tara in 980. About 800,000 acres, including all the present
county of Meath, was granted by Henry II. to Hugh de Lacy.
The most remarkable antiquarian remains are two round towers,

the one at Kells, and the other in the churchyard of Donoughmore,
near Navan. At New Grange, near Slane, there is an artificial

cavern of a very peculiar construction. A large rath on Tara
hill was the meeting-place of tlie princes before the Danish inva-
sion, and the scat of a royal palace referred to in the well-known
linos of Moore. A stone on the top of the rath is supposed by
some to bo the stone of destiny where the ancient monarchs of
Ireland were crowned. Monastic buildings were very numerous,
among the more important ruins being those of Duleek, which
is said to have been the first ecclesiastical edifice in Ireland built
of stone and mortar ; the extensive remains of Uective ; and thoso
of Clonal d where also were a cathedral and a very famous college.
Of tlie olu fortresses, Trim Castle on the Boyne still presents an
im^)oi.ir.g appearance. There arc also many fine old mausious.

MEAUX, capital of an arrondissement, and an episcopal

see, in the department of Seine-et-Marne, France, and
formerly chief town of Haute Brie, is situated 28 miles
east of Paris, on the Marne, which runs through the town,
and on the Paris and Strasburg Railway. The cathedral,

dedicated to St Stephen, dates from the 12tU century; its

restoration was begun thirty years ago. From the top of

its western tower (250 feet high), in fine weather, the
heights of Jlontmartre and Mont Vak-rien, near Paris, can
be seen. The building, which is 275 feet long and 105
feet high, consists of a nave, two aisles, a fine transept,

d choir, and a sanctuary. The choir contains the statue
and the tomb of Bossuet, and the pulpit of the cathedral
has been reconstructed with the panels of that from which
tlie " Eagle of Meaux " used to preach. The great window
of the south transept contains some magnificent stained
glass. The episcopal palace, behind the cathedral, has
several very curious old rooms ; the buildings of the choir
school, which also adjoins the cathedral, are likewise of
Bome architectural and archajological interest.

Meaux is the centre of a considerable trado in corn,
cheese, eggs, and poultry; and its mills, on the Marne,
provide a great part of tlie meal with which Paris is

isii^'plibd. .The Canal de I'Ourcc^. which surrounds the town.

and the Marne, furnisU the means of transport. A starch
manufactory, a copper aud iron foundry, and manu-
factories of food-pastes, of preserved vegetables, and of

agricultural implements are the other principal industrial

establishments. About a mile from the town is the
sugar factory of Villenoy, which is one of the largest in

France. The population of Meaux is 11,740.

In the Roman period Meaux was the capital of the Meldi, a
small Gallic tribe. It formed part of the kingdom of Austrasia,
and afterwards belonged to the counts of Verraandois and Cham-
pagae. Its communal charter dates as far back as 1179. Meaux
sutfered much from the disorders of tho Jacquerie, from the
Hundred Years' War, and from the religious wars, during which it

was an important Protestant centre. After the Le^gne, it was the
first town which opened its gates to Henry IV., in 1594. Placed
as it is on the highroad of invaders marching on Paris from the
east of France, Meaux saw its environs ravaged by the army of
Lorraine in 1652, and was laid under heavy requisitions in 1814,
1815, and 1870.

MECCA (*^, MalcJca), the chief town of the Hijdz in

Arabia,! and the great holy city of IslAm, is situated

two camel marches (the resting-place being Bahra or

Eadda in the Batn Marr), or about 45 miles, almost duo
east, from Jidda, on the Red Sea.^ Thus on a rough
estimate Mecca lies in 21° 30' N. lat. and 40° E. long.

It is said in the Koran (sur. siv. 40) that Mecca lies in

a sterile valley, and the old geographers observe that the

whole Haram or sacred territory round the city is almost
absolutely without cultivation or date palms, wliile fruit

trees, springs, wells, gardens, and green valleys are found
immediately beyond. Mecca in fact lies in the heart of a

mass of rough hills, intersected by a labyrinth of narrow
valleys and passes, and projecting into the TihAma or low
country on the Red Sea, in front of the great mountain
wall that divides the coast lauds from the central plateau,

though in turn they are themselves separated from the sea

by a second curtain of hills forming the western wall of the

great Wddy Marr. The inner mountain wall is pierced by
two and only two great passes, and the valleys descending

from these embrace on both sides the Mecca hills. The
north-western pass, through which the Nejd traffic descends

to the coast, and which also affords the easiest though
longest routs from Jidda and Mecca to T^if and thence

through the true HijAz to Yemen, is the Derb el-Seil oe

torrent path down the well-watered WAdy Marr.^ This

WAdy skirts the complex of Mecca hills on the north-west

from Zeima by Wddy Fitima (where it is joined by the great

coast road from Medina and Syria) to^adda on the Mecca and
Jidda road, a distance of perhaps 50 miles. Main roads

converge to Mecca from the three points of tho Wtidy just

named, the distance of the city from the last two being

about 20 miles. From this side the most prominent of

the Mecca hills is the northern "Mountain of Light" (J.

Niir). The other pass, which affords a shorter mule road to

TAif and the southern highlands, but is not practicable

for ordinary baggage camels, descends from the summit of

J. Kara, and leads through the great W. Na'm.-in, the Wady
of the Hodheil, to the plain beneath 'Arafa, the most

' Hijdz is here taken in tho usual political sense of the word. The
Turkish Waly of the Hijdz has his winter residence at Mecca and his

summer quarters at 'Tdif. In a narrower sense the Hijiz is the lol'ty

mountainous country between the central plateau of Nejd (or Negil, as

it is called by the natives) and the lowlands of the coast (Tihdraa). In

this sense El-Asma'i reckons Mecca to the Tihdma, and well-informed

Arabs still follow him.
- A variant of tho name Mnkka is Bakka {sur. iii. 90 ; Bekn', 155

sq.). For other names and honorific epithets of the city see Bekri, tij

supra, Azraki, p. 197, Yalcut, iv. 617 sq. The lists are in part cor-

rupt, and some of tho names (Kuthd and 'Arsh or 'Ursh, " the huts ")

are not properly names of the town as a whole.
^ Tho upper part of this wddy has two branches, W. Leimiin and W.

Nakhla. In tho latter lie the gardens of S61a and the village of Zelma
with its great hot spring (comp. Yakut, iii. 197). Above Zeima the

path is desert.
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easterly of tlie Loly sites connected wltli Mecoa. From
this point a tolerably level route skirts the Mecca Lills on

the south, passing very close to Mecca under the opposite

side of J, el-Thaur, is joined or crossed by several roads

from the south, including the great lowland Yemen road,

and ultimately falls into the road from Mecca to Iladda, a

little beyond the pillars that define the Harani. The broad

valleys through wliich this southern road leads are not so

well watered as W. Marr, but have several fertile spots

and a good deal of laud cultivable after raiti.^ From this

description the importance of the situation of Mecca will

be easily understood." It commands both the great routes

connecting the lowlands with central Arabia, and thus has

the advantage overTaifj its former commercial rival, which

lies indeed on the inland mountain road from Yemen to

Nejd behind Mount Kara, but has no raady connexion

with the TihAma. Jlecca, on the bontrary, though apparently

secluded in its hills from the main valleys— it is in fact

not visible from any point till one is quite close to the

town—lies in the focus of all tha great roads from north

to south or from the coast inland, with the single exception

of the mountain road behind Kara ; and the low passes that

intersect the Mecca hills form a series of practicable short

cuts connecting all the chief points of the circle of valleys

already described.*

Holding this position, and situated in a narrow and
barren valley quite incapible of supporting an urban

population, Mecca must have been from the first a com-

mercial town.' In the palmy days of South Arabia it was

probably a station ou the great incense route, and thus

Ptohmy may have learned the name, which he writes

I'lakoraba. At all events, long before Mohammed we
£nd Mecca established in the twofold quality of a com-

niercial centre and a privileged holy place, surrounded by
«n inviolable territory (the Haram), which was not the

sanctuary of a sir.jle tribe but a place of pilgrimage, where

religions observances were associated with a series of

annual fairs at different points in the vicinity.* The com-

bination of commerce with religion was no unusual thmg
in Arabia. Of old the incense trade had its religious

features, and indeed in the unsettled state of the country

commerce was possible only under the sanctions of religion,

and through the provisions of the sacred truce which pro-

hibited war for four months of the year, three of these

being the month of pilgrimage, with those immediately

preceding and following. The first of the series of fairs in

which the Meccans had an interest was at 'Okdz on the

easier road between Mecca and Taif, where there was also

a sanctuary, and from it the visiters, drawn from tribes far

and near, moved on to points still nearer Mecca (Majanna,

(ind finally Dhu'l-MajAz, on the flank of J. Kabkab behind

'Arafa) where further fairs were held,^ culminating in the

.

* To this description of the valleys surrounding the Mecca group on
three sides, which is mainly drawn from personal observation in 1880,

It may be added that there is a direct and easy camel route from

Zeima to 'Arafa between the Mecca hills and the mountains of the

Hodheil. TaluDgtiii«futwithth(atat«inent of Wakidi (Wellhausen's

Muh. in Med., p. 341) that every wddy iu the sacred territory flows

outwards into common ground except that at Tan'im (near the Hudiid

on the Medina road, Yakiit, i. 879 ; Ibn Jubair, p. 110) we see that

Mecca lies in an Isolated group of hills—a sort of outpost of the great

mountain wall.

' The inland road in ancient times was not so v,a!uable as the coast

road to Syria, on account of the scarcity of water {Muh. in Med.,

p. 100).
' Mecca, says one of its citizens, ap. Wakidi (Kremcr's ed.

, p. 196, or

MuJi. in Med., -p. 100), is a settlement formed for trade wth Syria in

summer and Abyssinia in winter, and cannot continue to exist if the

trade is interrupted.
* Detai'i as to the inhabitants and constitution of Mecca lefore

laliim will be given under Mohammed.
' The details are variously related.

' See Binlnf, p. 328 (E. T., p.

324) ; Asma'i in Yakut, iii. 705, iv. 416, 421 ; Azrajci, p. 129 sq. ;

special religious ceremonies yf the great feast at 'Ari>fa

Kuzah (Mozdalifa), and Jlecca itself. The system of icvter

calation in the lunar calendar'of the heathen Arabs was

designed to secure that the feast should i^lways fall at the

time when the hide.^i, fruits, and other merchandise were

ready for market,'^ and the Meccans, who knew how to

attract the Bedouins by profuse and systematic hospitality,

bought up these wares in exchange for imported goods, and
so became the leaders of the international trade of Arabia.

Their caravans traversed the length and breadth of th&

peninsula. Syria, and especially Gaza, was their chief goal,

and we read that the Syrian caravan intercepted, on hi
return, at Ijedr represented capital to the value of i;20,000,

an enormous sum for those days.'

The victory of Mohammedanism made a vast change in

the position of Mecca. The merchant aristocracy became
satraps or pensioners of a great empire ; but the seat of

dominion was removed be3'ond the desert, and though

Mecca and the Hijc'lz strove for a time to maintain political

as well as religious predominance, as will be related

under Mohammedan Empire, the struggle was vain, and

terminated on the death of Ibn Zubeyr, the Meccan pre-

tendant to the caliphate, when the city was taken by Hajj.'ij

(G92 A.D.). On the other hand, the sanctuary and feast of

Mecca received a new prestige from the victory of Islam.

Purged of elements obviously heathenish, the Ka'ba (Caaba)

became the holiest site, and the pilgrimage the most

sacred ritual observance of Mohammedanism, drawing

worshippers from so wide a circle that the confluence of

the petty traders of the desert was no longer the main

feature of the holy season. The pilgrimage retained its

importance for the commercial wellbeing of Mecca; to

this day the Meccans live by the Hajj—letting rooms,

acting as guides and directors in the sacred ceremonies, aa

contractors and touts for land and sea transport, as well as

exploiting for their own advantage the many benefactions

that flow to the holy city ; while the surrounding Bedouins

derive a chief part of their support from the camel-

transport it'demands and from the subsidies and gifts by

w..icli they are engaged to protect or abstain from molest-

ing the pilgrim caravans. But the ancient "fairs of

heathenism" were given up, and the trafl!ic of the pilgrim

season, sanctioned by the Prophet in sw. ii. 194, was con-

centrated at Mind and Mecca, where most of the pilgrims

still have something to buy or .sell, so that Mind, after the

sacrifice of the feast day, presents the aspect of a huge

international fancy fair.* In the Middle Ages this trade

was much more important than it is now. Ibn Jubair in

the 12th century describes the mart of Mecca in the eight

days following the feast as full of gems, unguents, preciou*

drugs, and all rare merchandise from India,'Irdlj:, KhordsAn,

and every part of the Moslem world.^

Mecca, as has been already indicated, lies in a narrow sandy

valley running approximately from north to south between

the Red Mountain on the west and the loftier chain of J.

Abu Kobeys on the east. These ranges, which are partly

built on and rise several hundred feet above the valley, so

enclose the city that the ancient walls only barred the

valley at three points,where three gates led into the town. In

the time of Ibn Jubair the gates still stood though the walla

were ruined, but now the gates have only left their names to

Bekri, p. 661. Jtliel Kabkab is a great mountain occupying the

angle between VV. Na'man and the plain of 'Arafa. The peak is due

north of Slicddad, the hamlet which Burckliardt (i. 115) calls Shedad.

According to Azraki, p. 80, the last shrine visited was that of the

three trees of 'Uzzi in \V. Nakhla.
6 So we are told by Binini, p. 62 (E. T., p. 73).

' Wakidi, cd. Kremer, pp. 20, 21 ; Muh. in Med., p. 39.

^ The older fairs were not entirely deserted till the troubles of tli^

Last days of the Omayyads (Azraki, p. 131).
' Ibn Jubair, ed. Wright, n. 118' «j.
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quarters of the town. At the northern or upper eud was the

Bdb el Ma Id, or gate of the upper quarter, whence the road

continues up the valley towards Mini and 'Arafa as well

as towards Zeima and the Nejd. Beyond the gate, in a

place called the Hajiin, is the chief cemetery, said to be the

resting-place of many of the companions of Mohammed.
Here a cross-road, running over the hill to join the main

Medina road from the western gate, turns otf te the west

by the pass of KadA, the point from which the troops

of the Prophet stormed the city (a.h. 8).' Here too the body

of Ibn Zubeyr was hung on a cross by HajjAj. The lower

or southern gatt?, at the Masfala quarter, opened on the

Yemen road, whero the rain-water from Mecca flows off

into an open valley. Beyond, there are mountains on both

sides ; on that to the east, commanding the town, is the

great castle, a fortress of considerable atrength. The
third or western gate. Bib el-Omra (formerly also Bib el-

Zihir, from a village of that name), lay almost opposite the

great mosque, and opened on a road leading westwards round

the southern spurs of the Red Mountain. This is tho way to

Widy Fitima and Medina, the Jidda road branching oS
from it to the left. Considerable suburbs now lie outside

the quarter named after this gate ; in the Middle Ages a

pleasant country road led for some miles through partly

cultivated land with good wells, as far as the boundary of

the sacred territory and gathering place of the pilgrims at

Tan'im, near the mosque of 'Aisha. This is the spot on

the Medina road now called the'Omra, from a ceremonial

connected with it which will be mentioned below.

The length of the sinuous main axis of the city from the

furthest suburbs on the Medina road to the suburbs in the

extreme north, now frequented by Bedouins, is, according

to Burckhardt, 3500 paces.- About the middle of this line

the longitudinal thoroughfares are pushed aside by the

vast courtyard and colonnades composing the great mosque,

which, with its spacious arcades surrounding the Ka'ba
and other holy places, and its seven minarets, forms the

only prominent architectural feature of the city. The
mosque is enclosed by houses with windows opening on the

arcades and commanding a view of the Ka' ba. Immediately
beyond these, on the side facing J. Abu Kobeys, a broad

street runs south-east and north-west across the valley.

This is the Mas'A or sacred course between the eminences

of Safi and Merwa, and has been from very early times one

of the most lively bazaars and tho centre of Meccan life.

The other chief bazaars aro also near the mosque in smaller

streets. Tho rest of the town presents no points of

individual interest, but its general aspect is picturesque

;

the streets are fairly spacious, though ill-kept and filthy

;

the houses aro all of stone, many of them well-built and
four or five stories high, with terraced roofs arid large pro-

jecting windows as in Jidda—a style of builditig which has

not varied materially since tho 10th century (Moljaddasf,

p. 71), and gains in effect from the way in which the dwell-

ings run up the sides and spurs of the mountains. Of
public institutions there are baths, ribits or hospices for

poor pilgrims from India, Java, (te, a hospital with fifty

beds, a public kitchen for the poor, badly administered "by

the Turkish authorities. A settler from India has recently

set up a theological school ; but the old colleges around
the mosquo have long since been converted into lodgings.'

The minor places of visitation for pilgrims, such as the
birth-places of the Prophet and his chief followers, are not

' This is the cross-road traversed by Burckhardt (i. 109), and
described by him as cut through tho rocks with much labour.

• Istrakhri gives tho length of the city proper from north to south as

2 miles, and tho greatest breadth from tho Jiyid quarter east of the
great mosquo across the valley and up the western slopes as two-thirds
of the length.

" The pious foundations of Mecca have been robbed by their
guaixUans from very early times. Sea already Ibn Haukal, p. 25.

notable.* Both these and the court of the great mosque
are observed to lie beneath the general level of the city,

so that it is evident that the site of the town has been
gradually raised by accumulated rubbish. The town in
fact has little air of antiquity; genuine Arab buildings do
not last long, especially in a valley periodically ravaged by
tremendous floods when the tropical rains burst on the
surrounding" hills. The history of Mecca is full of the

record of these inundations, unsuccessfully combated by
the great dam drawn across the valley by the caliph "Omar
(Kutb el-Din, p. 76), and later works of El-Mahdl.'

The fixed population of Mecca in 1878 was estimated by
Assistant-Surgeon 'Abd el-Razzik at 50,000 to 60,000;
but the materials for an estimate are very inadequate

where there is so large a floating population—and that not

merely at the proper season of pilgrimage, the pilgrims of

one season often beginning to arrive before -those of the

former season have all dispersed. At the height of the

season the town is much overcrowded, and the entire waut
of a drainage system is severely felt. .Fortunately good
water is tolerably plentiful; for, though tile wells are mostly

undrinkable, and even the famous Zamzam water very un-

wholesome and tainted, with sewage, the underground con-

duit- from beyond 'Arafa, completed by Sultan Selim II.

iu 1571, supplies to the public fountains a sweet and
light water, containing, according to 'Abd el-Eazzik, a
large amount of chlorides. The water is said to be free

to townsmen, but is sold to the pilgrims at a rather high

rate. 8

Mediaeval writers celebrate the copious supplies,

especially of fine fruits, brought to. tho city from Tiif and
other fertile parts of Arabia. These fruits are still

famous ; rice and other foreign products are brought by
sea to Jidda ; mutton is plentifully supplied from the

desert.^ The industries of Mecca all centre in the pilgrim-

age ; the chief object of every Meccan—from the notables

and sheikhs, who use their influence to gain custom for

the Jidda speculators in the pilgrim traffic, down to the

cicerones, pilgrim brokers, lodging-house keepers, and
semi-mendicant hangers on at the holy places—being to

pillage the visiter in every possible way. Thus the

fanaticism of the Meccan is an affair of the purse ; the

mongrel population (for the town is by no means purely

Arab) has exchanged the virtues of the Bedouin for the

worst corruptions of Eastern town life, without casting off

the ferocity of the desert, and it is hardly possible to find

a,worse certificate of character thanthe three parallel gashes

ou each cheek, called Tashrit, which are the customary

mark of birth in the holy city. The unspeakable vices of

Mecca are a scandal to all Islim, and a constant source of

wonder to pious pilgrims.^ The slave trade, which still

* For details as to tho ancient quarters of Mecca, where the several

families or septs lived apart from generation to generation, see Azraki,

p. 445 sq., and compare Ya'kubi, ed. Juvnboll, p. 100. The modeni
town is best described by Burckhardt, who gives a plan of t^e city.

Tho minor sacred places are described at length by Azraki and Ibij

Jubair. They are either connected with genuine memories of the

Prophet and his times, or have spurious legends 4a conceal the fact

that they were originally holy stones, wells, or the like, of heathen
sanctity.

' Belidhori, in his chapter on the floods of Mecca (p. 53 tq.), saj'i

that 'Omar built two dams.
• The aqueduct is the successor of an older one associated with tha

names of Zobeyda, wife of Hanin el-Rashid, and other benefactors.

But the old aqueduct was frequently out of repair, and seems to har»

played but a secondary part in the ^ledia^val water supply. Even tho

new aqueduct gave no adequate supply in Burckhardt's time.

' In Ibn Jubair's time (p. 132) large supplies were. brought fromth*
Yemen mountains. The revenues of Yemen are still mainly expended
on tho distribution of grain by the sultan in the Hij&z.

^ The corruption of manners in Mecca is no new thing. See the

letter of the c«liph Mahdi on the subject ; Wiistenfeld, Chron. JUdc,

iv. 168.
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subsists and is very dear to tlie Arab heart, Las connexions

with the pilgrimage which are not yet thoroughly cleared

op ; but there is no doubt that under cover of the pilgrim-

age a great deal of kidnapping and importation of slaves

goes on.

Since the fall of Ibn Zubeyr the political position of

Mecca has always been dependent on the movements of

the greater Mohamfiiedan world. In the splendid times

of the caliphs immense suras were lavished upon the

pilgrimage and the holy city ; and conversely the decay of

the central authority of Islam brought with it a long period

of faction, wars, and misery, in which the most notable

episode was the sack of Mecca, with circumstances of great

barbarity, by the Carmathians at the pilgrimage season of

930 A.D. The victors carried ofif the " black stone," which
was not restored for twenty-two years, and then only for a

great ransom, when it was plain that even the loss of the

palladium could not destroy the sacred character of the

city. Under the Fatimites Egyptian influence began to

be strong in Mecca ; it was opposed by the sultans of

Yemen, while native princes claiming descent from the

Prophet—the HAshimite emirs of Mecca, and after them
the emfrs of the house of Katdda (since 1202)—attained to

great authority and aimed at independence ; but soon after

the final fall of the Abbasids the Egyptian overlordship

was definitively established by Sultan Blbars (1269 A.D.).

T)ie Turkish conquest of Egypt transferred the supremacy

to the Ottoman sultans (1517), who treated Mecca with

much favour, and during the 16th century executed great

works in the sanctuary and temple. The Ottoman power,

liowever, became gradually almost nominal, and that of the

smlrs or sherlfs increased in proportion, culminating under

jh^lib, whose accession dates from 1786. Then followed

;he wars of the \Vahh;lbls (see Arabia, vol. ii. p. 260) and

!he restoration of Turkish rule by the troops of Mohammed
AU. By him the dignity of sherlf was deprived of much
jf its weight, and in 1827 a change of dynasty was effected

oy the appointment of Ibn 'Aun. Since that time the

Turkish authority has again decayed, though Mecca is

still nominally the capital of a Turkish province, and

has a governor-general and a Turkish garrison, while

Mohammedan law is administered by a judge sent from

Constantinople. But, except within the larger towns,

at which troops are stationed, the Turks are practically

powerless, and the real sovereign of Mecca and the HijAz

is the sherlf, who, as head of a princely family claiming

descent from the Prophet, holds a sort of feudal position in

the country. The dignity of shcrif (or grand sherif, as

Europeans usually say for the sake of distinction, since all

the kin of the princely houses reckoning descent from the

Prophet are also named shcrifs), is often conceived as a

religious pontificate, and anti-Turkish Arabs contend that

if the sultan and the sherif were together in a mosque the

latter would lead the prayers as im4m ; but' it is more
correct to regard the sherif as the modern counterpart of

the ancient emirs of Mecca already referred to, who were

named in the public prayers immediately after the reigning

caliph. This dignity long ran in the family of Hasan, son

of the caliph 'All, with which the present sherlfs, in spite

of changes of dynasty, still count kindred. The influence

of the princes of Mecca has varied from time to time accord-

ing to the strength of the foreign protectorate in the Hij4z

or in consequence of feuds among the branches of the house;

at present it is for most purposes much greater than that

of the Turks. The latter are strong enough to hold the

gtirrisoned towns, and thus the sultan is able within

certain limits—playing off one against the other the two
rival branches of the aristocracy, viz., the kin of Ghdlib
and the house of Ibn 'Aun—to assert the right of desig-

tiating or removing the sherif, to whom in turn he owes

the jjossibility of maintaining, witli fhe aid of considerable
pensions, the semblance of his much-prized lordship over
tlie holy cities. The grand sherif can muster a consider-

able force of freedmen and clieuts, and his kin, holding
wells and lands in various places through the Hijdz,

act as his deputies and administer the old Arabic cus-

tomary law to the Bedouins. To this influence the Hijiz
owes what little of law and order it enjoys. After the

sherlfs the principal family of Mecca is the house of

Sheyb, which holds the hereditary custodianship of the

Ka' ba.

The Great Mosque and the Kdba.—Long before

Mohammed the chief sanctuary of Mecca was the Ka'ba,

a rude stone building, so named from its resemblance to a
monstrous astragalus or die, of about 40 feet cube, though
the shapeless mass is not really an exact cube or cveu

exactly rectangular.^ The Ka'ba has been rebuilt more
than once since Mohammed purged it of idols and adopted

it as the chief sanctuary of IslAm, but the old form has

been preserved except in secondary details ;
^ so that the

" Ancient House," as it is titled, is still essentially a heathen
temple, adapted to the worship of IsUm by the clumsy
fiction that it was built by Abraham and Ishmael by divine

revelation as a temple of pure monotheism, and that it was
only temporarily perverted to idol worship from the time
when'Amr ibn Lohay introduced the statue of Uobal from
Syria^ till the victory of IsUm. This fiction has involved

the superinduction of a new mythology about Abraham,
Hagar, and Ishmael over the old heathen ritual, which

remains practically unchanged. Thus the chief object of

veneration is the ancient fetish of the black stone, which is

fixed in the external angle facing SafA. The building is not

exactly oriented, but this may for convenience be called the

south-east corner. Its technical name is the black corner,

the others being named the Yemen (south-west), Syrian

(north-west), and 'Irak (north-east) corners, from the lands

to which they approximately point. The black stone is a
small dark mass a span long, with an aspect suggesting vol-

canic or meteoric origin, fixed at such a height that it can

be conveniently kissed by a person of middle size. It was
broken by fire in the siege of 683 a.d. (not as many authors

relate by the Carmathians), and the pieces are kept together

by a silver setting. The history of this heavenly stone,

given by Gabriel to Abraham, docs not conceal the fact

that it was originally a fetish, the most venerated of a
multitude of idols and sacred stones which stood all round

^ The following measnreraents may be cited ;—Ibn 'Abd Rabhih (likb

century), south side 20 cubits, north 21, east and west 25 each (st>

Azraki) ; Ibn Jubair {12th centurj-), sides 54 and 48 spans, height 29
cubits at the highest or south wall, with a slight fall to the north side

where the mizib or water-spout discharges (Azraki, 27 cubits) ; Burck-

hardt, sides IS paces by 14, height S5 to 40 feet. Other modern

measures vary considerably. The height was raised by Ibn Zubayr from

18 to 27 cubits. Compare Huh. in Med., p. 426.
' The Ka'ba of Mohammed's time was itself the snccessor of an older

building said to have been destroyed by fire. It was constructed in

the still usual mde style of Arabic masonry, with string courses of

timber between the stones (like Solomon's temple). The roof rested

on six pillars ; the door was raised above the ground and approached

by a stair (probably on account of the floods which often swept tho

valley) ; and worshippers left their shoes under the stair before entering.

During the first siege of Mecca (683 a.d.) the building was burned

down, and Ibn Zubeyr reconstructed it on an enlarged scale and in

better style of solid ashlar work. After his death his most glaring

innovations (the introduction of two doors on a level with the ground,

and the extension of the building lengthwise to include the llijr) were

corrected by n.ijjaj under orders from the caliph, but the building

retained its more solid structure. The roof now rested on three pillars,

and the height was raised one-half. The Ka'ba was againjentirely

rebuilt after the flood of 1626 A.D., but since Hajjaj there seem to

have been no structural changes.
^ Hobal was set up within the tempie over the pit that contained

the sacred treasures. His chief function was connected with tlie

sacred lot to which the Medians were accustomed to betake themselves

in all matters of dii&cult-



MECCA 673

Ihe sanctuary in the time of Mohammed. The Prophet

destroyed the idols, but he left the characteristic form of

worship—the taivdf, or sevenfold circuit of the sanctuarj',

the worshipper kissing or touching the objects of his

veneration—and besides the blacli stone he recognized the

so-called "southern" stone, the same presumably with

that which is still touched in the tawAf at the Yemen
corner {Miih. in Med., pp. 336, 420). The ceremony of

the tawAf and the worsiiip of stone fetishes was common
to Jlecca with other ancient Arabian sanctuaries.' It was,

as it still is, a frequent religious exercise of the Meccans,

and the first duty of one who returned to the city or

arrived there under a vow of pilgrimage; and thus the

outside of the Ka'ba was and is more important than the

inside. Islim did away with the worship of idols ; what

was lost in interest by their suppression has been supplied

by the invention of spots consecrated by recollections of

Abraham, Ishmael, and Hagar, or held to be acceptable

places of prayer. Thus the space of ten spans between

the black stone and the door, which is on the east side,

between the black and 'Ir'tk corners, and a man's height

from the ground, is called the MuUazam, and here prayer

should be offered after the tawdf with outstretched arms

and breast pressed against the house. On the other side

of the door, against the same wall, is a shallow trough

which is said to mark the original site of the stone on

which Abraham stood to build the Ka'ba. Here the

growth of the legend can be traced, for the place is now
called the " kneading-place " (Ma'jan) where the cement

for tiie Ka'ba was prepared. This name and story do not

appear in the older accounts. Once more, on the north

side of the Ka'ba, there projects a low semicircular wall of

marble with an opening at each end between it and the

walls of the house. The space within is paved with

mosaic, and is called the Hijr. It is included in the

tawAf, and two slabs of vm-de antko within it are called

the graves of Ishmael and Hagar, and are places of accept-

able prayer. Even the golden or gilded mizdb (water-

spout) that projects into the Hijr marks a place where
prayer is heard, and another such place is the part of the

west wall close to the Yemen corner.

The feeling of religious conservatism which has preserved

the structural rudeness of the Ka'ba through so many
centuries did not interfere with the adoption of costly

surface decoration. In Mohammed's time the outer walls

were covered by a vail (or kiswa) of striped Yemen cloth.

The magnificence of the caliphs substituted a covering of

figured brocade, and the sultan still sends with each pilgrim

caravan from Cairo a new kiswa of black brocade,

adorned with a broad band embroidered with golden
inscriptions from the Koran, as well as a richer curtain for

the door. The aspect thus given to the Ka'ba is seen in

the woodcut ; there are openings to show the two sacred

stoneij.2 The door of two leaves, with its posts and lintel,

is of silver gilt.

The interior of the Ka'ba is now opened but a few times
every year ; there is a great scramble for admission—the
portable staircase being seldom brought forward—and a
great clamour for backshish ; thus the modern descriptions,

from observations made under difficulties, are not very
complete. Little change, however, seems to have been
made since the time of Ibn Jubair, who describes the floor

> Seelbnilishim, i. 61; Azraki, p. 80 ('UzzilinBatn Marr); Ydkit,
ill. 705 (Otheydi) ; Bar Hebncus on Psalm xii. 9. Stones worshipped
by circling round them bore the name damir or duwdr (Krehl, 2{et. d.

Arabrr, p. 69). The later Arabs not unnaturally viewed such cultus
OS imitated from that of Mecca (Yakut, iv. 622 ; comp. Dozy, Israelitm
U Mtlka, p. 125, who draws very perverse inferences).

• The old Aijioa is removed on the 25th d.iy of the month before
tha pilgrimnpe, and fragments of it are bought by the pilgiinis as
ohamis. Till the 10th day of the pilgrimage mouth the Kaba is bare.

and walls as overlaid with richly variegated marHes, and
the upper half of the walls as plated with silver thickly

gilt, while the roof was vailed with coloured silk. Modern
writers describe the place as windowless, but Ibn Jubair

mentions five windows of rich stained glass from 'Irilf.

Between the throe pillars of teak hung thirteen silver

lamps. A chest in the corner to the left of one entering

contained Korans, and at the'Ir^k corner a space was cut

off enclosing the stair that leads to the roof. The door to

this stair (called the door of mercy—BAb el-Rahma) was
plated with silver by the caliph Mutawakkil. Here, in

the time of Ibn Jubair, the MakAm or standing-stone of

Abraham was usually placed for better security, but

brought out on great occasions (pp. 131, 161).^

The houses of ancient Mecca pressed close upon the

Ka'ba, the noblest families, who traced their descent from

Kosay, the reputed founder of the city, having their dwell-

ings immediately round the sanctuary. To the north of the

Ka" ba was the Ddr el-Nadwa, or place of assembly of the

Koreysh, where all matters of public interest were discussed,

'ihe multiplication of pilgrims after IslAm soon made it

necessary to clear away the nearest dwellings and enlarge

the place of prayer around the Ancient House. 'Omar,

'Othmdn, and Ibn Zubeyrhad all a share in this work, but

the great founder of the mosque in its present form, with

its spacious area and deep colonnades, was the caliph El-

Mahdf, who spent enormous sums in bringing costly pillars

from Egypt and Syria. The work was still incomplete a',

his death in 785 A.D., and was finished in less sumptuous

style by his successor. * Subsequent repairs and additions,

extending down to Turkish times, have left little of El-

Mahdl's work untouched, though a few of the pillars prob-

ably date from his days. There are more than five

hundred pillars in all, of very various style and Workman-
ship, and the enclosure—250 paces in length and 200 in

breadth, according to Burckhardt's measurement—ig entered

by nineteen archways irregularly disposed.

After the Ka'ba the principal points of interest in the

mosque are the well Zamzam and the Makdm IbrAhlm.

The former is a deep shaft enclosed in a massive vaulted

building paved with marble, and, according to Mohammedan
tradition, is the source (corresponding to the Beer-lahai-roi

of Gen. xvi. 14) from which Hagar drew water for her son

Ishmael. This of course is pure invention, and indeed the

legend tells that the well was long covered up and redis-

covered by'Abd elMuttalib, the grandfather of the Prophet

Sacred wells are familiar features of Semitic sanctuaries,

and Isl.im, retaining the well, made a quasi-Biblical story

for it, and endowed its tepid waters with miraculous

curative virtues. They are eagerly drunk by the pilgrims,

or when poured over the body are held to give a miraculous

refreshment after the fatigues of religious exercise, and

the manufacture of bottles or jars for carrying the water to

distant countries is quite a trade. Ibn Jubair (p. 139)

mentions a'curious superstition of the Meccans, who believed

that the water rose in the shaft at the full moon of the

month Sha'bin. On this occasion a great crowd, especially

of young people, thronged round the well with shouts of

religious enthusiasm, while the servants of the well dashed

buckets of water over their heads. The MakAm or stand-

ing place of Abraham is also connected with a relic of

heathenism, the ancient holy stone which once stood on

the Ma'jan, and is said to bear the prints of the patriarch's

' Before Islim the Ka'ba was opened every Monday and Thursday

;

in the time of ITin Jubair it was opened with considerable ceremony

every Monday and Friday, and daily in the month Rajab. But, though
prayer within the buildiiig is favoured by the example of the Prophet,

it is not compulsory on the Moslem, and even in the time of Ibn
Batut.i the opportunities of entrance were reduced to Friday aud thft

birthday of the Prophet.

XV. — 8s



374 MECCA
feet. The whole legend of this stone, which is full of

miraculous incidents, seems to have arisen from a miscon-

ception, the MaljAm. IbrAhfm in the KorAn meaning the

sanctuary itself; but the stone, which is a block about 3

spans in height and 2 in breadth, and in shape " like a

potter's furnace " (Ibn Jubair), is certainly very ancient. It

is now covered up, and no one is allowed to see it, though

the bos in which it lies can bo seen or touched through a

grating in the little chapel that surrounds it. In the

Middle Ages it was sometimes shown, and Ibn Jubair

describes the pious enthusiasm with which he drank

Zaaizam water poured on the footprints. It was covered

with inscriptions in an unknown character, one of which

was copied by Fikihl in his history of Mecca. To judge

by the facsimile in Dozy's Israeliten ie Mekka, the character

is probably essentially one with that of the Syrian SafA

inscriptions, which we now know to have extended through

the Nejd and into the HijAz.*

Thegeucral aspect ofthe greatraosque will bebesst unJerstooJ ty
reference to the woodcnt, wliich is taken from a photograph. The
photographer has taken his stiind on a lofty building facing the

black stone corner of the Ka'ba, so that house tops, with high para-

pets serving to protect the privacy of the women, who spend much
of their time on these terraces, form too prominent a feature in the

foreground, and obstruct the view of part of the cloistered area. The
background is the Kcd Mountain ; the fort which is seen above tho
town is not the great castle but a building of the sherif Ghalib, dating

from about the beginning of this century. It will be observed that

at two places there are smaller cloistered courts annexed to the main

colonnade. That to the right, with a polygonal minaret, correspi^nds

to the ancient Dar el-Nadwa, which was included in the mosque by
the caliph Mo'tadid. The other minor court is at the Bab Ibrahim.
Of the two walls of the Ka'ba concealed from view, that to the right

is the one adjoining the Hijr. The two-storied pagoda-like building
facing this wall is the Makam or station for prayer of orthodox
Moslems of the Hanafi rite, to which the Turks belong. The similar

stations of the other orthodox sects have but one story ; that of the

Maliki rite is seen to the left of the Ka'ba ; the roof of the Hanbali
station is just visible in the foreground a little to the left of the
" black ".corner; the Shafi'i station, which stands on tho roof of the

Zamzam building, is more prominent a little to the right. Between
this and the Makam Hanafi rises the slender gilt spire of the white
marble pulpit from which sermons ore preached on Fridays end
high days. Between the pulpit and the Zamzam is the small chapel

of Abraham's stone. It does not rise high enough to be seen in the

cut. The two small and ugly domes to the right of the Zamzam are

the dome of 'Abbas and the dome of the Jewess. They are used as

storerooms, but the former, which has its came from the uncle of

the Prophet, was formerly the drinking-place of the pilgrims. In

the time of Ibn Jubair it was still used for coolinj; the Zamzam
water. The oval part of the court next to the Kaba within tie

railing is paved with marble
;
parts ot the area beyond are also

paved, part being strewn with gravel. Around the_railinga number
of glass lamps are lighted at night.

Safil and Mcrioa.—In religious importance these two points or

"hills," connected, as we have seen, by the Mas'a, stand second

only to the Ka'ba. Safa is an elevated platform sunnounted by a

triple .irch, and approached by a flight of steps.- It lies south-east

of the Ka'ba, facing the black corner, and 76 paces from the " Gate

of SafA," which is architecturally the chief gate of the mosque.

Merwa is a similar platform, formerly covered with a single arch, on

the opposite side of the valley. It stands on a spur of the Ked
Mountain called J. Ku'ayki'an. The course between these two

Mecca—the Great Mosque.

sacicd pointG is 493 paces long, and the religious ceremony called the
"say" consist* in traversing it seven times, beginning and ending
at Safd, The lowest part of the course, between the so-called green
milestones, is done at a run. This ceremony, which, as we shall

presently see, is part of the 'omra, is generally said to be p<"-formed

in memory of Hagar, who ran to and fro between the two eminences
vainly seeking water for her son. The observance, however, is cer-

tainly of pagan origin ; and at one time there were idols on both
the so-called hills (see especially Azraki, pp. 74, 78),

The Ceremonies and the Pilgrimage.—Belore Islam the Ka'ba was
the local sanctuary of the Meccans, where they prayed and did
eacrilice, where oaths were administered and hard cases submitted
to divine sentence according to the immemorial custom of Semitic
shrines. But besides this, as we have seen, Mecca was already a
place of pilgrimage. Pilgrimage with the ancient Arabs was the
fulfilment of a vow, which appears to have generally terminated

—

at least on the part of the well-to-do—in a sacrificial feast. A vow of

pilgrimage might be directed to other sanctuaries than Mecca—the
technical word for it (ihlaljis applied for example to the pilgrimage
to Mandt (Bekrf, p. 519). He who was under such a vow was bound
by -jeremonial observances of abstinence from certain acts {e.g.,

hunting) and sensual pleasures, and in particular was forbidden to

shear or comb his hair till the fulfilment of the vow. This old
Semitic usage has its close parallel in the vow of the Nazarite. It

" ' See De 'Vogue, Si/rie Cenlrale : Inscr. Sem. ; Lady Anne Blunt,
PHqrimage to Ntjd, vol. ii. ; and W. K. Smith, in the Athenssum,
March 20, 1880.

w.as not peculiarly connected with Mecca ; at Taif, for example, it

was customary on return to the city after an absence to present

oneself at the sanctuary, and there shear the h&\r(Muh. inMed'., p.

381). Pilgrimages to Mecca were not tied to a single time, but they
were naturally associated with festive occasions, and especially with
the great annual feast and market already spoken of, when by exten-
sive hospitality the citizens did all in their power to attract the

worshippers who were at the same time their customers. The
pilgrimage was so intimately connected with the wellbeing of

Mecca, and had already such a hold on the Arabs round about,
that the politic Mohammed could not afford to sacrifice it to an
abstract purity of religion, and thus the old usages were transplanted
into Islam in the double form of the 'omra or vow of pilgrimage to

Mecca, which can be discharged at any time, and the hajj or pil-

grimage at the great annual feast. The latter closes with a visit

to the Ka'ba, but its essential ceremonies lie outside Mecca, at the
neighbouring shrines where the old Arabs gathered before the
Meccan fair.

The 'omra begins at some point outside the Haram or holy terri-

tory, generally at Tan'im described above, both for convenience sake
and because 'Aisha began the 'omra there in the year 10 of the
Flight. The pilgrim enters the Haram in the anrique and scanty
pilgrimage dress (ihram), consisting of two cloths wound round his
person in a way prescribed by rituah His devotion is expressed in

^ Ibn Jubair speaks of fourteen steps, AJy Bey of four, Burckhardt
of three. The surrounding ground no doubt has risen so that the oW
name " hill of Safa " is now inapplicable.
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•n.mrs oi uaourvKa (a word of obscure oii^^m nod mcaiiincj ; nc
enters ihj (j''*''* mosque, performs the taw.if and tlie say* with

circumi;toi.cej3.-'u prayers which it is unnecessary to detail, and then

hab hii liuad slia'/cd and rcsumpsliis common dress. This ceremony
j

is now generally combined with the hajj, or is performed by eveiy
j

ulranger or traveller when he enters Jlecca, and the iliiam (whicli

involves the acts of abstinence already referred to) is assumed at a I

considerable distaiioe from tlio city. Hut it is aKo jnoper duiing

one's residence in the holy city to pcr."orm at least one 'omra from

Tan'im in connexion with a visit to tne mosque of 'Aisha there.

The absurd triviality of tluso rites is ill concealed by the legends of

tlic sa'y of Hagar and of the tawdf being fust performed by Adam
in imitation of the circuit of the angels about the thiono of God ;

lint in truth tho meaning of their ceremonies seems to have been

nlnio:>t a blank to the Arabs before Islam, whose religion had become
a intie formal tradition. AVo do not even know to what deity tne

worship expressed in the tawjf was properly addressed. There is

a tradition that the Ka'ba was a temiile of Saturn (Shahrastani, p.

431); perhaps the most distinctive feature of the shrine may be

sought in tho sacred doves which still enjoy the protection of the

sanctuary. Thcso recall the sacred doves of Ascalon (Philo, vi. 200

of Richter's cd.), and suggest Venus-worship as at least one element
(comp. Herod., i. 131 ; iii. 8; Eplir. Syr., Op. Syi:, ii. 457).

To the ordinary pilgrim the 'omia has become so much an episode

of tho liajj that it is often desciiK^i as a mere visit to the mosque
of 'Aisha ; n bettor conception of its original significance is got from

the Meccnn feast of the seventh month (Hajab) graphically described

by Ibn Jubair from his observations in 118-t a.d. Kajab was ona

of the ancient sacicd months, and the feast, which extended through

the whole month, and was a joyful season of hospitality and thanks-

givins, no doubt represents the ancient feasts of Mecca mors
exactly than the ceremonies of the hajj, in which old usage has been
overlaid by traditions and glosses of Islam. The 'omra was per-

formed by crowds from day to day, especially at new and full raoon.^

The new moon celebration was nocturnal; the road to Tan'im, the

Mas' .a, and the mosqne were brilliantly illuminated ; and the appear-

ing of the moon was greeted with noisy music. A genuine old Ar.ab

market was held, for the wild Bedouins of the Yemen mountains
came in thousands to barter their cattle and fruits for clothing, and
deemed that to absent themselves would bring drought and cattle

jjlague in their homes. Though ignorant of the legal ritual and
prayers, they performed the tanaf with enthusiasm, throwing them-
selves against the Ka'ba and clinging to its curtains as a child clings

to its mother. They also made a point of entering the Ka'ba. The
29th of the month was the feast d,iy of the Meccan women, when
they and their little ones had the Ka'ba to themselves without the

I)rescnce oven of the Sheybis.

Tho central and essential ceremonies of the hajj or greater pil-

grimage are those of the day of 'Arafa, the 9tli of tho "pilgrimage
month " (Dhu'l Hijja), the last of the Arab year ; andevery.Moslem
wlio is liis own master, and can command tho necessary means, is

bound to join in these once in his life. By them the pilgrim be-

comes as pure from sin as when he was born, and gains for the rest

of his life the honourable title of hajj. Neglect of other parts of
the pilgrim ceremonial may be compensated by offerings, but to miss
the "stand" (wokuf) at'Arafa is tomiss the pilgrimage. 'Arafa or

'Arafat is a space artificially limited, round a small isolated hill

called the Hill of Mere}', a little way outside the holy territory, on
the road from Mecca to "Taif. One leaving Mecca after midday can
«d«iiy reach the place on foot the same evening. The road is first

northwards along the Jlecci valley and then turns eastward. It

leads through the straggling village of Mma, occupying along narrow
valley (W. MIna), two to three hours from Mecca, and tlience by
the mosqno of Muzdalifa over a narrow pass opening out into the
jjldiii'bf 'Arafa, which is an expansion of tho great AV. Na'man,
through which the "Taif road descends from Mount Kara. The lofty

an J rugged mountains of the Hodheyl tower over tlie ]ilain on the
jiorth si le and overshadow the little Hill of Mercy, which is one of

those bosses of weathered granite so common in the Hij.-iz. 'Arafa,

as we have already seen, l.iy quite near Dhu'l-Majaz, wlicre, according
to Arabian tradition, a great fair was held from the 1st to the 8tli

of the pilgrimage month ; and the ceremonies from which tho hajj

W..S derived were onglnally an appendix to this fair. Now on the
contrary the pilgrim is expected to follow as closely as may be the
rnovenicnLs of the Prophet at his " farewell pilgrimngo " in the year
10 of the Flight (632 ad ). Ho therefore leaves Mecca iu pilgrim
garb on the 8th of Dhu'l I.Iijja, called the day of tarwiya (an ob-
scuro and prc-Islamie name), and strictly speaking should spend the
night at Mind. It is now, liowcvor, customary to go right on and
encamp at once at 'Arafa. Tho niglit should bo spent in devotion,
but the colfeo booths do a lively trade, and songs are as common as
pr.iycrs. Next forenoon tho pilgrim is free to move about, and
towards midday he may if he please hear n sermon. In tho after-

1 The latlev pprlmjis wns no (Jiirt of tlie nnclcnt 'omra ; 8ce Snouck-Hurgronje,
ttft >ltkk<ttxnsclir Ffrsl,\mil. p. \\:> tq.

• Tho 27th W.1S niso n Krrat dny, but till: iloy was In comnicmoratloD Ot llio

-bttilillng of llio Ka'ba bf Iba Zubcjr.

noon the ps^enlial ccTemoiry Tjegins ; it consists simply in "stand-
ing " oa'Ar.afasliouting Labbeyka and reciting prayers and texts till

sunset. After the sun is down the vast assemblage breaks up, and
a rush (technically ifuifa, dcf, ncifr) is made in tho utmost coufusioa

to Muzdalifa, where the night prayer is said and the night spent.

Before sunri?'? next morning (the 10th) a second "stand" like

that on 'Arafa is made for a short time by torchlight round the

mo.squo of Muzdalifa, but before the sun is lairly up all must be iu

motion in the second ifdda towards Mind. Tlie day thus commenced
is the "day of sacrifice," and has four ceremonies—(1) to pelt with
seven stones a cairn (jnmuit cl 'al'nbu) at the eastern end of W.
Jlin.i, i2) to slay a victim at Mind and hold a sacrificial meal, part

of the flesh being also dried and so preserved, orgiven to the poor,' (3)

to bo shaved and so terminate the t7irrf?!t, (4 ) to make the third i/(((/a,

i.e., go to Mecca and perform the tawdf and sa'y (omrat d-i/dita),

returning thereafter to Jlind. The sacrifice and visit to Mecca may,
liowever, bo delayed till the 11th, 12th, or 13th. These are the

days of Jlina, a fair and a joyous feast, with no special ceremony
except that each day the pilgrim is expected to throw seven stones

at the jamrat cl 'akaba, and also at each of two similar cairns in the

valley. The stones are thrown in the name of Allah, and are gene-

rally thought to be directed at the devil. This is, however, a

custom older than Islam, and a tradition in Azraki, p. 412, represents

it as an act of worshijito idols at Mind. As the stones are thrown
on the days of the fair, it is not unlikely that they have something

to do with the old Arab mode of closing a sale by the purchaser

throwing a stone (Birunf, p. 328).* The pilgrims leave Mina on the

12th or 13th, and the hajj is then over.

The colourless character of these ceremonies is plainly due to tlie

fact that they are nothing more than expurgated heathen rites. In

Islam proper they have no raison d'etre ; the legends about Adam
and Eve on 'Arafa, about Abraham's sacrifice of the ram at Thabir

by Mind, imitated in the sacrifices of the pilgrimage, are mere

clumsy afterthoughts, as appears from their variations and only

partial acceptance. It is not so easy to get at the nature of the

original rites, which Islam was careful to suppress. But old usagea

were not quickly eradicated, and we find mention of practices con-

demned by the orthodox, or forming no part of the Moslem ritual,

which may be regarded as traces of an older ceremonial. Such are

nocturnal illuminations at Mind (Ibn Batuta, i. 396), 'Arafa, and

Muzdalifa (Ibn Jubair, p. 179), and tawdfs performed by the ignorant

at holy spots at'Arafa not recognized by law (Snouck-Hurgronje,

p. 149 sq.). We know that the rites at Muzdalifa were originally

connected with a holy hill bearing the name of the god Kuzah (the

Edomite Koze) whose bow is tho rainbow, and there is reason to

think that the ifddas from 'Arafa and Kuzah, which were not made
as -now after sunset and before sunrise, but when the sun restedou

the tops of the mountains, were ceremonies of farewell and salutation

to the sun-god.

The statistics of the pilgrimage cannot be given with certainty

and vary much from year to year. The quarantine office keeps a

record of arrivals by sea at Jiddah (30,271 for the year 1878 A.D..

or 1295 A.H.) ; but to these must be added the great overland cara-

vans from Cairo, Damascus, and 'Irak, the pilgrims who reach Medina

from Yanbu' and go on to Mecca, and those from all parts of tha

iieninsula. Burckhardt in 1814 estimated the crowd at'Arafa at

70,000, Burton in 1853 at 50,000, 'Abd el-Razzjk iu 1853 at 60,000.

This great assemblage is always a dangerous centre of infection, and

the days of Mind especially, spent under circumstances originally

adapted only for a Bedouin fair, with no provisions for proper

cleanliness, and with tho air full of the smell oi putrefying ofi'al and

flesh drying in the sun, produce much sickness.

Lileralure Besides tlie Arabic peographers and coaroographers, many of whom
have bean alieady ciled, we have Ibn 'AM Rabbih's descriptlou of tlie mosque,

early In the lOrh century I'lM Farid, Culro edition, 111. 302 sq.), but above all Ui8

admirable record of Ibn Jubulr (1184 A.D.), by far the best account extant of Mecc»

and the pilgrimage. It has been much pillaged by Ibn Batil|a. The Arabic his-

torians arc largely occupied with fabulous matter as to Mecca before Islam
; for

tlieso legends tho leader may refer to C. de Perceval's £sscil. How little con.

fldenee can be placed In the pre-Istamlo history appears very clearly from the

distorted accounts of Abraha's excursion against the Hljliz, which fell but a few

years before the birth of the Prophet, and Is the first event m Meccan histoiy which

has conlirmatlon fiom other sources. See Noldeke's vcislon of labarf, p. 204 sq.

For the period of the I'lophet Ibn lUshiim and Wdliidf aro vnluable sources In

topography as well as history. Of the special histories and descriptions it Mecca

published by WUstcnfeld {Chroxiiken <ltr Stodt ilfkta, 3 vols., 18i7-5!), with an

abstiact In German 18C1), the most valuable is that of Azialif. It has passed

througii the hands of several editors, but the oldest part goes back to the begin-

ning of the 9th Christian century,
.(f
utbel-Dfn's history (vol. HI. of the CAi-omicn)

goes down with the additions of his nephew to 1592 A.D.

Of Kuropean descriptions of Mecca from personal obseivltlon the best Is Burck-

hardt's rrnri-/! tJi Arakta (cited above fiom the 8vo cd., 1829). Tlit Travels cj

My /)(•!/ (Badia), London, ISlC, describe a visit In 1807; Burton's Pilgrimagi (3J

cd., 1879) often supplements Bnickhardt; Von .Maltzun's Wallfahil nacit iMia.
18C.'<, Is lively but very slight. 'Abd elltazzifk's report to the Government of India

on the pilgrimage of IS53 Is spcclnily directed to' sanitary questions. For tho

pllgrlinagc see particularly Snouck-llurgloiiJe,Z/«( ilMaans<hc fccil. L-^ydtn,

1880. <W. R. S.)

3 Tho saerlflce Is not Indispensable except for those who can afford It and «'o

combining the hnjj with the "omra.
•• On tho similarpcltlngof the supposed gravcsof AbiiLahaband his wife (Ibn

Jubair, p. 110) and of Abii Rlghiil at Mughamnias, sco KiilJcke't tiimsliitlcn oi

Tabarf, p. 208.
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Newton's
first law.

Sfoond
law.

STRICTLY'speaking, the derivation of this word should

have prevented the use of it as the designation of a

pure science. It has been, however, employed for a long

period in English speech in the identical sense that the

French attach to Mecaniqiie ptire or the German? to Beiiie

Mechanik: These terms are all employed to denote what

we should much prefer to call Abatract Dynamics,—the

pure science which (as the derivation implies) treats of

the action of Force upon Matter, but which is, correctly,

the Science of Matter and Motioii, or of Matter and Energy.

With the view of making clear from the outset the reason

for the arrangement adopted in this article, we commence

by stating in Newton's own words (accompanied by a

paraphrase) the Axiomata, sive Leges Motus, which form

the entire basis of our subject. These laws will at once

indicate the order in which the subject may most logically

be treated. We defer to the end of the article the more

close consideration of the idea introduced by the word
" force," as well as general remarks on " energy," &c.

For the present we are content to regard force as defined

ifor us by Newton's Laws.

KevAon's Laws of Motion.

§ 1. Lex L Corpus omne perseverare in statu suo qui-

escendi vel movendi uniformiter in directum, nisi quatenus

illud a vinbus impressis cogitur statum suum mutare.

Every body continues in its stale of rest, or "f uniform

motion in a straight line, except in sofar as it is compelled by

force to change that state.

Les TL Mutationem motus proportionalem esse vi

motnci impressaj, et fieri secundum lineam rectam qua vis

ilia imprimitur.

Cluinge of (qucmtlty of) motion is pro])ortional to force,

and takes place in the straight line in tohicfiihe force acts.

Tiiirii Lex IIL Actioni contrariam semper et aqualem esse

law. reactioneni ; sive corporum duorum aetiones in se mutuo
semper esse sequales et in partes contrarias dirigi.

To every aelion there is ahoays an eqiial and contrary

reaction ; or the mtttual actions of any tioo bodies are always

equal and oppositely directed.

Scholium. §2. In 1863 Thomson and Tait (upon whose 7Vfa/fs<' on

Xatural Philosophy much of what follows is based) called

attention to the fact that, as regards Lex III., Newton gives

in a scholium a second sense in which the words may be

interpreted. In the first sense the action and reaction are

mere forces, in the second they are the rates at which forces

do work. Hence, and for another reason which will appear

later, the word "activity" has been introduced as the

English equivalent of the word actio in Newton's second

sense. Here is the passage :

—

Si testimetur agentis actio ex ejus vi et velocitate con-

junctim; et similiter resistentis reactio jestimetur con-

junctim ex ejus partiumsingularum velocitatibus etviribus

resistendi ab earum attritione, .cohassione, pondere, et

acceleratione oriundis ; erunt actio et reactio, in omni
instrumentornm nsu, sibi invicem semper cequaJesi

If the activity of an agent be measured by its amount and
its velocity conjointly ; and if, similarly, the counter-activity

of the resistance be measured by the velocities of its several

parts and their several amounts conjointly, whether (liese

arise fromfriction, molecular forces, weight, or acceleration;—activity and' counter-activity, in all combinations of
machines, will be equal and opposite.

This may be looked upon as a Fourth Law. But, in

strict logic, the First Law is superfluous, because its con-

sequences are all implied (by negation) in the statement of

the Second. (8ee § 8 below ) Hence there are, virtually.s

only three laws, so far as Newton's system is concerned.

§ 3. These laws are to be considered as deductions from Br«ia of

observation and experiment, and in no sense as having an Newtou't

a priori foundation. Their proof, so far as rigorous proof
'*"''•

is attainable in physical matters, is commonly looked on
as being furnished in the most conclusive form by obser-

vational astronomy. The A'autical Almanac, published
usually about four years in advance, contains the predicted

places of the son, moon, and principal planets from day to

day, in some cases from hour to hour, throughout the year.

The predictions are entirely based upon the laws of

motion (along with the law of gravitation), and could not

possibly be accurate unless these laws are true. So
thoroughly satisfactory has hitherto been the coincidence

between prediction and observation that, when a deviation

occurs, no one dreams of a defect in the principles of the

reasoning. On the contrary, such deviations are utilized

for the purpose of correcting our knowledge of the
" elements " of the orbits of the moon und planets, or

our estimates of the masses of these bodies ; and, as in the

brilliant investigations of Adams and Leverrier, they some-

times enable us to discover the existence and even assign

the position of a planet never before seen.

§ 4. • It is not clear in what order, or by whom, these laws NewtonV

were first discovered. Galileo was undoubtedly acquainted l'«de-

with the first two; and Huygens, Wren, Hooke, and"*^"'*'

others were acquainted with the Third Law in some of its

many applications. But they were first systematized and,

as we have seen, extended in a most important manner by

Newton. Though they were sadly disfigured in Britain

during the fifty years which elapsed after the revival of

mathematics in the early part of this century, they have of

late been restored to the form in which Newton gave them.

Ihis readoption of Newton's simple but comprehensive

system has of itself aided in no small degree the recent

rapid advance of science.

One peculiarity of Newton's language must be noticed Amhro-

here, though very briefly, as we will return to the subject PomoT"*

towards the end of the article. A force is said to " compel

"

a change of state in a body; bodies are said mutually to

"act" on one another, &c. Such language is, of course,

in its literal acceptation, of an anthropomorphic character

;

but, if one thinks of the habitual use even in scientific

books of such expressions as " the sun rises," " the wind

blows," itc, it cannot be construed into an assertion that

force has real objective existence.

Comments on the Laivs of Motion.

§ 5. Law I. Tirst of all this law tells us what happens Peflnl-

to a piece of matter which is left tb itself, i.e., not acted '"'•" "*

on by forces. It preserves its " state," whether of rest or

of uniform motion in a straight line. This property

(which, as we shall presently sihow, § 7, is considerably

extended by Newton himself) is commonly called the

" inertia " of matter, in virtue of which it is incapable of

varying in any way its state of rest or motion. It may be

the sport of forces for any length of time, but so soon as

they cease to act it remains in the state in which it was

left until they recommence their action on it. Hence,

whenever we find the state of a piece of matter changing,

we conclude that it is under the action of a force or forces.

Thus, for the present, we have the definition of " force
"

as part of this First Law :

—

Force is whatever changes the state of rest or uniform

motion of a body.

on o'

furc»
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\Vlieii a body, originally at rest, begins to move, we con-

cludo that force is acting on it. And when a moving body

is seen to" change either the speed or the direction of its

motion, we conclude that this is due to force.i

Absoliiie § C. But there is much more than this, even in the First

«riJ Law. What is "rest"? The answer must be that the
relative.

fg-.jjj jg relative. Absolute rest and absolute motion are

terms to which we find it impossible to assign a meaning.

Maxv;ell has well aaid (in his Mailer and Molion):—
" All our knowledge, both of time and place, is essentially

relative. When a man hiis acquired the Iiabit of putting words

together, without troubling himself to form the thoughts which

oiiglit to correspond to them, it is easy for liim to frame an
\

antithesis betwceu this relative knowledge and a so-called absolute

knowledge, and to point out our ignorance of the absolute
i

position of a point as an instance of the limitation of our faculties. I

Any one, however, who will try to imagine the state of a mind ,

conscious of knowing the absolute position of a point will ever after
'

be content with our relative knowledge."

As will be seen later, the First Law gives us also

a physical definition of " time." aud physical modes of

measuring it.

I § 7. Newton's own comment on this law is as follows :

—

Projectilia perseverant in motibus suis, nisi quatenus a

resistentia aeris retardantur, et vi gravitatis impelluntur

deorsuni. Trochus, cujus partes cohaarendo perpetuo

'retrahunt sese a motibus rectilineis, non cessat rotari, nisi

quatenus ab aere retardatur. Majora autera planetarum

et cometarum corpora motus suos et progressives et

•irculares, in spatiis minus resistentibus factos, conservant

diiitius

It is particularly worthy of notice that we have here

the undisturbed rotation of a body about an axis intro-

duced as another of those "states" in, which it will con-

tinue, in virtue of the First Law, until force acts to compel

it to change that state. Also it is to be noticed that

Newton adduces a hoop, whose axis is fixed in direction

both in the body and in space, as an example of this new
form of state maintained in virtue of inertia. Later, it

will be seen that the same thiug is true of a body free in

epace and rotating about the principal axis of greatest or

of least moment of inertia through its centre of mass.^

t;onse- § 8. Law IL What Newton designates by the word motus
•iiu-ncps .jsj as he has clearly pointed out, the same as is expressed by
of second qiiantitas motvs, that for which we now usually employ the

term "momentum." Its numerical value depends not only

on the rate of motion, but also on the amount of matter,

or " mass," of the moving body, and is directly proportional

to either of these when the other is unaltered. But it is

regarded by Newton as having direction as well as

magnitude. It is, in fact, what in the language of

quaternions is called a " vector." The change of such
n quantity may be either in numerical magnitude, or in

direction, alone, or simultaneously in both. We now see

what this Second Law enables us to do. For
(a) Given the mass of a body, the force acting on it, and

the time during which it acts, we can calculate the change
of motion. This is the direct problem of dynamics of a
particle.

(i) Given tu6 mass, and the change of velocity, we can

' Tlie words wo have italicized will be '^een to have very important
'bearings on certain old errors which even now crop up, and which have
Introduced one of the most inappropriate and apparently ineradicable

of terms (" ceutrifuga) force") into the usual vocabulary of our subject.
' It is also, in a partial sense, true of a free body of which two

principal axes through the centre of mass have equal moments of
inertia. In that case, as we will show later, even when couples act

upon the body, provitled they be in planes passing through the third
4ixis, the rate of rotation about that axis remains unaltered, Viough t?f

tiireclion in space changes. This is approximately the case of the
«arth. The attractions of the sun and moon on the protuberant parts

sbuut the cipiator produce "precession" and "nutation," but do
adt influence the length of the day.

law.

calculate the magnitude and direction of the force acting.

This is the inverse problem.

(c) We can compare, and so measure, forces by tha

changes of motion they produce in one and the same body.

{d) We can compare the masses of different bodies by

finding what changes of velocity one and the same force

produces in them.

(e) We can find the one force which is equivalent, in its

action, to any given set of forces. For, however many
changes of motion may be produced by the separate forces,

they must obviously be capable of being compounded into

a single change, aud we can calculate what force would

produce that.^

§ 9. Hitherto, we have spoken of the motion of a body,

—

thus implying (except, of course, in the case of Newton's

hoop or that of the earth) that all its parts are moving in

exactly the same way. From this point of view every

body, however large, may be treated as if it were a single

particle. But when the parts of a body have different

velocities, as when a rigid body is rotating, or as when a

non-rigid body is suS'ering a change of. form, the question

becomes much more complex. We cannot at this stage

enter into a full explanation, but will take a couple of very

simple cases to show the nature of the new diflBculties,

and thence the necessity for an additional law.

Suppose a bullet to be thrown in any direction. If we
know with what force the earth attracts it, the calculation:

of the path it will pursue depends on the Second Law, w hich

gives all the necessary preliminary information. But let

two bullets be tied together by a string : we know by trial

that each moves, in general, in a manner very different

from that in which it would move if free. The path of

each is now, usually, a tortuous curve, while its free path

would be plane. It is no longer subject to gravity alone

Hut also to what is called the " tension " of the string. If

we knew the amount of this tension on either of the bullets

and its direction, we could calculate, by the help of the

Second Law alone, all the circumstances of the motion of

that bullet. But how are we to find this tension ! Is it

even the same for each bullet 1 This, if answered in the

affirmative, would simplify matters considerably, but we
should still require to know the amount and direction of

the tension. It is clear that, without a further axiom, we-

cannot advance to a solution of the question.

§ 10. Law III. Furnished with this, in addition to ourconFe-

previous information, we can attack the question with more quinces

hope. We see by this law that, whatever force be exerted "' •'"'''*

by the string on one of the bullets, an equal and opposite
'"""

force, which must therefore be in the direction of the i;if,nd

string, is exerted on the other. Still, the magnitude of <"ii-

these equal forces remains to be found. But the string in sir" int.

no way interferes with the motion of either bullet unless it

is tigld, i.e., unless the distance between the bullets is equal

to the length of the string. Heuce,. whenever the un-

known force comes into play, at the same time there comes

in a geometrical relation of relative position between the

two bullets. This supplies the additional equation necessary

for the determination of the new unhioivn quantity.

§ 11. As an additional illustration, suppose the string to

be made of india-rubber. The Third Law tells us that the

tensions it exerts on the bullets are still equal and opposite.

But we no longer havo the geometrical contiition we had
before. We have, however, what is quite sufficient, a

' It ia to be observed here that Newton's silence is as expressive 04

his speech. When he says "change of motion " we understand that

It does not matter what the original motion was ; and, when be men-*

tions only one force, he implies that the effect of any one force is tiie

flame whether others are also at work or not. In fact, with Newton
there can be no balancing of forces, though there may be balancing of

tho effects of forces, a very different thing.
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knowledge of hoio the tension of the string depends on its

lenfjfh. Thus the tension can be calculated from the
relative position of the bullets.

g 12. Scholium to Law III. On this we will, for the
present, remark only that it furnishes us with the means
of studying directly the transference of energy from one
body or system to another. Experiment, however, was
required to complete the application of this part of Newton"s
eysteraatic treatment of the subject. "What was wanted,
and how it has been obtained, will be treated of later. The
first words of the scholium, however, claim for Newton the
discovery of the clause wo have extracted from it. For
they run thus :—Hactenus principia tradiJi a mathematicis
recepta, et experientia multiplici confirmata,

§ 13. What has now been said enables us to see the order
in which the fundamental ideas should be taken up, so
that the necessities of each should be provided for before
its turn comes. An indispensable preliminary is the study
of motion in the abstract, i.e., without any reference to
tvhat is mooinf/. This is demanded in order that we may
be able to apply the Second Law. The science of pure
motion, without reference to matter or force, is an extension
of geometry by the introduction of the idea of time and
the consequent idea of velocity. Ampere suggested for it

the term t'inematiqne, or, as we shall write it", Kinematia.
We include under it all changes of form and grouping
iftuich can occur in geometrical figures or in groups of
points.

We shall then be prepared to deal with the action of

force on a single particle of matter, or on a body which
may be treated as if it were a mete particle. Thus we
have the Dynamics of a Particle. ^ This, again, splits into
two heads, Statics and Kinetics of a Particle. But all this

requires the Second Law only. When we have two or

more connected particles, or two particles attracting one
another or impinging on one another, the Third Law is

required. Nest in order of simplicity come the Statics

and Kinetics of a Pvigid Solid. Then we have to deal with
bodies whose form, ifec, are altered by forces— flexible

bodies, elastic solids, fluids, kc. Finally, we must briefly

consider the general principles, such as " conservation of

energy," "least action." kc, which are deducible by proper
mathematical methods from Newton's Laws, and of which
8ome at least, if we could more clearly realize their intrinsic

nature, would probably be found to express even more
simply than do Newton's Laws the true fundamental crin-

ciples of abstract dynamics.

We will not restrict ourselves to one uniform course in

the application of mathematical methods. Rather, as con-

eiderations of space require to be attended to, we will vary
our methods from one part of the subject to another, so as

to exhibit, each at least once, all the more usual processes.

And we will endeavour to make the large-type portions of

the article, in which only the most elementary mathematics
will be introduced, a self-contained treatise which may be
read by students of very moderate mathematical knowledge.

KINEMATICS.

Position and the Means of Assigning it.

§ 14. Motion (or displacement) consists simply in
" change of position." Hence, to describe motion, we must
have the means of assigning position. This is, of course,
a question of Geometry {q.v.). See also Quaternions.
From the.se articles it appears that the position of one

free point with reference to another (all these space relations

fxe relative, as we have already said) depends on three

numbers, of which one at least must involve the unit of
length. In Cartesian rectangular coordinates, we denote
these by x, y, ?, which Indicate respectiveiv the distance of

the point from each of three planes at right angles tfl eacfr

other, and all passing throudi the origin (or reference point).

From another point of view they may be called " degree*
of freedom." When the value of one is assigned, say by

a' = a

,

the point is said to have lost one degree of freedom, or to
have had imposed upon it one " degree of constraint." It
must now lie in a plane parallel to the first of the reference
planes, and at a distance a from it. When a second degree
of constraint is applied, say by

another degree of freedom is lost. The point's position is

limited to lie in a second plane in a given position at rigiit

angles to the first. It must therefo.-elie somewhere on the
straight line which consists of the Series of points commoq,
to the two planes. A third degree of constraint

takes away its one remaining degree of freedom ; and its

position is now definitely assigned as the single point of
intersection of three given planes.

§ 15. But constraint may be applied in other waysk
Thus if we assign the condition

a,-- -fi/= -(•;-- rt",

we deprive the point of one degree of freedom by com-
pelling it to remain at a distance a from the origin. It !-

now limited to the surface of a sphere, but its latitud-,

and longitude on that sphere may be any whatever. Here
again the imposition of one degree of constraint has taken
anay one degree of freedom.

§ IG In general, one degree of constraint may be ex-Kxnmpie
pressed as ..f i-.m

/(•^•, 2/, -) = {• xr.iint

This, when ^ has an' assigned value, is the equation of a

definite surface on which the point must lie. Three sueii

conditions determine the position of the point, and may
therefore be looked upon as introducing ^ j;, f, another set

of coordinates, which may be used in place of x, y, .'. The
number of such systems is. of course, unlimited ; but it i&

often possible to choose one in which the conditions of a
problem are much more simply expressed than tiiey wera
when expressed in x, y, i. The whole question belongs to

what is called " change of variables." 'To gif e an elemen-

tary instance of its use,— suppose we take the ordinary

simple pendulum, a pellet supported by a fine thread or

wire, and oscillating in a vertical plane. If the origin be
placed at the point of suspension, and the axis of z ba
vertical, we have two conditions :

—

where a is the length of the thread; and
ijjx = tau o

,

where a denotes the azijuuih of the plane of oscillation.

There is but one degree of freedom left, because two
degrees of constraint have been imposed. We may choose

for this either x, y, or z j But we should in each case be led

to complex expressions. If, however, we consider that all

the freedom left to the pendulum is to oscillate in a given

plane, we may denote its solo remaining degree of freedom

by &, the angle which the string makes with the vertical

;

and form our dynamical equation in terms of this. Wheo
is found by dynamical considerations, we have

2:-=asin flcos o
,

y-^rt siii Ssin o , : = «c03fl.

Here 6 comes in as what is called a " generalized uenerai-

coordinate." '^'''i ="

If the pendulum be not limited to one plane, the azimuth/"*''""''

"

as well as the angle, of the displacement from the vertical

may be any whatever. Hence there are two degrees of

freedom, which are indicated by the generalized coordinate?

a and ti.
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§ 17. In general, in any system originally witb any num-

ber m of degrees of freedom, and subjected to a number it of

degrees of constraint, the whole motion can be fully charac-

terized by VI - n indei^eudent quantities, called generalized

coordinates, and corresponding to the degrees of freedom

n-hich remain. The elegance and simplicity of a solution

i)ften depend iu a marked manner upon the choice of these;

and the transformation of the general equations from

Cartesian to generalized coordinates forms one of the most

powerful and elegant contributions to abstract dynamics
which Lagrange made in the Mecanique Aimli/tique.

§ 18. A rigid system has onlysj.;; degrees of freedom:

—

three translations for any one of its points, and three inde-

pendent rotations about axes passing through that point.

When one point is fixed, it loses the three translations,

and has only three degrees of freedom. When a second

point is fixed, it loses other two ; in fact it can no longer

move except by turning round the line joining the fixed

points. When a third point, not in lino with the other

two, is fixed, there is no degree of freedom left ; the system

is fixed.

§ 19. It may he well to notice here thnt, in all cases which we
sh.iU reriuiro to consider, whatever be the relations among two
flitferent sets of variables whicli wo employ alternatively to Jeter-

mine the relative positions of the parts of any system, the equations
which give the relations between corre.'^ponding small increments
of these variables are always linear so far as these increments are

concerned. Thus, for instance, if we have as abovo a couditioa
of the form

/(:^. !/.=) = £.

Wo deduce from it at once

mHiM%>-'^-
Sere the differential coeBTicients are partial.

In such cases, any homogeneous function of tho second order in
Sx, Si/, 5:, ic, will be represented by a homogeneous function, also
of the second order, in 5{, Sri, &c., however many bo tho coordinates
in the separate systems. When, however, one or more of the
equations of condition involves the element ot lime explicitly, the
relations among coiTospoudiug small increments of the alternative
Beta of coordinates, though still linear, will not bo homogeneous.
Thus a homogeneous function of the second order in one set will
be a function of the second order in the otlier set, but not homo-
geneous, unless tho increments are produced instantaneously.
To give a single instance, suppose that the string of a simple

pcuduhim (not necessarily oscillating iu one plane) contracts uni-
tbrnily. We shall now have

x' + y'- + z" = (a-elf
instead of tho equation in the example § 15, and one of our equa-
tions among increments is

xU + yi!j + zZ::=-c{a-ci)U,

which, though still linear, is no longer homogeneous in the incre-
meats of coordinates.

Kinematics of a Point.

• § 20. The one necessary characteristic of the path de-
scribed by a moving point is its coniimutij. There can be
no break or gap in it. But, as we study kinematics, at
present, solely fur its physical applications, we impose a
restriction on ssuch complete generality. The path of a
moving particle must be one of continuous curvature, unless
cither (1) the motion ceases and commences again in a
different direction (in which case wo have two separate and
successive states of motion to consider), or (2) an infinite
force is applied to tho particle (a case which wo need not
consider). A similar remark, we may say in passing, applies
to velocity also. So that, for our purpose, we may confine
ourselves to the geometrical properties of the motion of a
point whose rate and direction of motion chani^o con-
tinuously, if at all, and not by fits and starts. °

S 21. If the point describe a straight line, that line gives
the direction of its motion at every instant. If it describe
a curve, tho direction of its motion is at every iustant that
of tho corresponding tangent to the curve.

Let A, B, C, D represent four points ou the path taken
in close succession, in the order in which the moving point
reaches them. From A the point moves to B, so that the
line joining A and B (the tangent) is the direction of
motion at A. Similarly the line joining B and C gives

the direction of motion at B. The points A, B, C of course

lie in one plane. This is the plane in which, for two succes-

sive elements of its path, the point is moving. It is there-

fore that in which the change of direction of motion takes

place, and is called the " osculating plane." And, just as the

straight line through A and B gives the direction of motion
at A, so the circle passing through the points A, B, C
determines the " curvature " of the path at A. If we apply

the same reasoning to the three successive points B, C, D,
we see the difference between a " plane " and a " tortuous

"

curve. For, if D lie in the plane ABC, the osculating plana

is the same at A and at B ; and if the same holds for other

successive points the whole bending takes place in one

plane. But if D be not in the plane ABC, BCD is the

osculating plane at B, and we thus see that successive

positions of the osculating plane of a tortuous curve are

produced by its rotation about the tangent BC to the path
;

for BC is in both planes ABC and BCD. We shall not

have space here to deal in detail with cases of tortuosity
;

but it was necessary to point out their essential nature.

§ 22. The curvature of ABC obviously depends upon the

change of direction from AB to BC, and is directly pro-

portional to it. But it is obviously greater, for the saiua

amouut of change of direction, as ABC is less. In a circle

the curvature is the same at all points, and, as the radius

is everywhere perpendicular to the tangent, the change of

its direction is the same as that of the tangent. Hence the

curvature, being the change of direction per unit length of

the arc, is measured simply by the reciprocal of the radius.

Generally, if c/i be the angle between the tangent at A and any
fixed line iu the osculating plane, and if sropreseut the length of thi

curve measured from any fixed point on it to A, we have, by tLa

fundamental property of infinitesimals,

is
= -r = curvature.
as

(We will use, as above, the letter L for a limit, in the seaso in

which that term was introduced by Newton.)
In a circle we have always (a being the radius)

s=a'j>,

and heiu:e the curvature J
d<t> 1 .

' -T=— >

as a

so that in general the measure of curvature is the reciprocal of the

radius of the circle passing through three consecutive points of the

path. For other aualytical expressions for curvature sea vol. xiii.

p. 26.

For a curve in space (whether tortuous or not) we have

Curvature = -^ = ^(SJ +
( S?)'

+(S/ "

while the direction cosines of tho radius of curvature are

rPx d'-v <Pz
'

''dT^' ''ai"^' ''d?-

§ 23. The chief properties connected with the curvature

of a plane curve are made very clear by the artifice of

regarding it as an " involute." This

idea introduces us to the kinematics of a

flexible and inestensible line. Suppose

such a line, held tight, to be wrapped
round a cylinder of any form, in a plane'

perpendicular to its axis, each point ^\
of it, when it is unwound in its own
plane, will describe a curve whose form '

depends upon that of the transverse

section of the cylinder. Let P„M'M (Cg. 1) be such a

section of the cylinder; MP, M'P', two positions of the

free part of tho cord; P, P', the corresponding positions of

Fig. 1
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Srecii.

a definite point of the cord ; PPPq the path described )>y

that point. Then PP'Pq is one of the involutes of MM'Pq;
the others are the curves traced by other points of the

string. But, with reference to PP'Pq, the curve MM-'P^

is ihi " evolute." The evolute of such a curve is, in

fact, unique ; for it is obvious that the line MP, in any
of its positions, is revolving about the point of contact M
with the evolute ; so that P describes an infinitesimal arc

of a circle of which M is the centre. Thus the evolute of

a plane curve is the locus of its centre of curvature. And
it is clear from the genesis of the involute that

PlI-KM +JI'JI = P„M'1I.

For the analytical discussion of evolutes, see vol. siii. p. 26.

The subject of evolutes is of importance in various

branches of physics, especially in optics. In mechanics its

chief use is connected with the theory of the pendulum, as

it shows how to cause the bob to move in a cycloid, the

only path in which the time of oscillation is the same what-

ever be the extent of the oscillations.

§ 24. When the line, curved or straight, in which the

motion takes place is given, the position of the moving
point is at once assigned in terus of a single numerical

quantity. In fact it has only one degree of freedom, and
its position is known by the length of the arc of the curve

from any fixed point to the given position. In such a case

Ets this we are not concerned with the direction of the

motion, for that is already assigned at every point of the

path. We are concerned only with what we niay call the
" speed " of the motion. (We purposely avoid the use of

the term " velocity " here, because it properly includes

direction as well as speed, as will be seen later.)
Average

§ 25. Suppose an observer to be watching the motion
Bjieed.

^^g^ fp|. instance, a traveller by rail notes the telegraph posts

which he passes, referring at each to his watch), and to find

that at any time t^ the moving point was at Sj, while at

time ?2 it was at s.^.

Then it is clear that the average speed during this part

of the motion is to be found by dividing the number of

units of space passed over by the number of units of time

employed. For it must be greater as the former is greater

•and less as the latter is greater. Hence the average speed

is ^-3^ If the speed has been itiiiform during the

motion observed, this average value has coincided with the

actual value all through; and, if the measures of space and
time are accurate, we shall get exactly the same value of

this ratio whether the interval of time is small or large.

Hence, if v be the speed of a uniformly moving point, the

space it describes in time t is vt. But if the speed has

been variable, it must at some parts of the interval have
variable been greater, at others less, than this average. And the
speed, shorter we tabethe interval the less will be the difference

between the greatest and least speeds during its lapse, so

that the average speed will coincide more and more nearly

with the actual speed. In the language of "fluxions"
(which was invented for the sake of this subject) the

measure of the speed at any time t^ is

when the interval t„ - 1-^ is shortened indefinitely. The
accuracy of the preceding process depends entirely upon
the limitations we have introduced for the purpose of con-

fining ourselves to cases which can occur in ordinary

physical problems. For the general reasoning on which it

is based is obviously inapplicable to cases in which the

speed alters by jerks—at least during the interval con-

sidered, small as it may be. But we are fortunately not

required to discuss here the very delicate questions to which
this may give rise. Considerable difficulty is sometimes'

Measure'

ment of

uniform

and of

felt by a student when he is told thct at a certain ^:xh of its

course a point has a speed say of 10 miles an hour, while

the whole course may be only a few inches. But this

arises from the novelty of the conception. It is not meant,
when we speak of a speed of 10 miles per hour, that the

motion necessarily lasts for an hour, or even for a second,

but only that, if the then speed were to he maintained con-

ttant for an hour, tlie moving point's path, of uliatev( r form,
uovid be exactly 10 miles long. In actual experience in a
railway train we can judge the speed (roughly at least),

and we find nothing strange in saying "N^w we are going

at twenty miles an hour," " Now at six," and so on. And
it is clear that, after the steam is put on, the train, how-
ever short its run, m'ist go through all rates of speed from
zero to its maximum, and then through all of them to zero

again, when the steam is cut off and the brake applied.

In the laDgusge of the diSerential calculus this becomes

Tie flu.\ionaI notation of Newton, in wbirh the dot over a
quantity e.xjiresses the rate of its incrfase, i.e., its diiferential

coeffirient with regard to time eonsidered as the independent
variable, is still very convenient in abstract dynamics, and is, in

fact, indispensable when we come to the higher gener.ilizations. '

i
We shall, therefore, freely employ it when it is specially uselul.

I

§ 26. Whsther uniform or variable, speed depends for Dimen.

its numericiil value upon the units chosen for linear space '"°°^ ^

I

and for time. Its dimensions are [LT"'], and consequently.''^^

j
its numerical expression is increased in proportion as the

unit of time is increased, and diminished in proportion as

that of length is increased. Thus the speed represented

by 10 in feet per second becomes
3600 75

5280 "n
when expressed in miles per hour.

§ 27. The rate at which the speed (when not uniform) itate or

changes is found by a process precisely similar to that ,(|^^
employed for the speed itself. Let the speed

at time t^ be observed to be v^

,

)) '2 '» '» ^'2

'

then the average rate of increase of speed during the

interval is 1

The dimensions of this quantity are obviously [LT'^J.

•Thus its numerical value is diminished, like that of

speed, in proportion as the unit of length is increased. But
it is increased in the duplicate of the proportion in which
the unit of time is increased. For instance a rate of

increase of speed of 32'2 feet per second per second (the

mere statement is enough to show the double dependence

on the time unit) becomes

(3600)= »„ .„. ,
'^

' -"9,036 nearly,32-2-
52S0

when expressed in terms of miles and hours.

§ 2S. When the rate of increase of speed is uniform, the

above average value is its actual value throughout the

interval. Hence with uniform rate of increase = a, a speed

V becomes iu time t

v=Y+al.

Also, as it increases uniformly, its average value during
time i is half way between its values at the beginning and
end of that time ; i.e., it is

Y + iat.

The space described during the interval is at once found

(§ 25) as the product of the interval and the average
speed during its lapse;

—

i.e., it is

e-Yt + iaC.
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^And it is easy to see from these expressions that

D- = V-+2as,

which gives the speed acquired in terms of the space

travcracd.

§ 29. This is tho only case in which the result can be
reached without formally using the methods of the integral

calculus. These expressions enable us at once to solve a

great number of simple questions connected with the

motion of a stone or bullet, under tho action of gravity,

in a vertical line. For it is found by experiment that

gravity impresses, in every second, a downward speed of

322 feet per second on an unsupported body ; and, by
the Second Law, this is independent of the bodjr's previous

motion.-

Hence, if a stone be let fall, its speed after f seconds

is 32'2;, and the space fallen through is 16"1<'. Also, if

it fall through s feet, it will acquire a speed whose square

is V- = G-t'45.

Again, if a stone be thrown upwards with a speed of

JTOO feet per second, after i seconds its speed will be
300 - 32 '2/, and the height to which it has then ascended

is 300<-16'U-. Thu3 it stops, and turns, after gg^
300^

seconds ; and the greatest height it reaches is grrr feet.

From the statement above, putting s = v, we find

S — v — L -3 ! =—

,

(„ - <i dt

From this expression the preceding results may be at once obtained.
Thus, assuming

S = a

,

»e have by integration

i = V + at,

'and ngaia s=s, + \7 + ia!'.

'Aa an instance of the indirect problem— i.e., t« find the speed, and
Its rate of increase, when the law of the motion is given:—suppose

s — acoscui.

(This equation describes tho simplest form of vibratory motion,
ond will bo fully treated later.) We have, by taking the fluxion,

and again J= -aw'cosa)«= - m's.

§ 30. Velocity, as we have already said, involves the

ideas of speed and of direction of motion coiyointly.^ > To
compound two velocities (as is required in the application

of Newton's Second Law), we have the following obvious
oonstruclion. From any fixed point (fig. 2), draw a line

OA representing, in magni-
tude and direction, one of

the two velocities. From its

extremity A draw AB repre-

Bonting in the same way,
and on the same sctde, the

other. Complete the triangle

OAB. Then OB represents,

in magnitude and direction

(still on the same scale), tho

resultant velocity. We have
called the construction obvious because one ha« only to

think of how a point can be said to have simultaneous
velocities, in order to see its truth. Thus, if OA repre-

sents tho velocity of a railway train, AB that of a pas-

«enger walking in a saloon carriage, O may bo looked
upon as tho position of the point of the- carriage at which
he began his walk, at tho moment when he did begin it;

while B represents tho position of the point of the carriage

which he has reached at the end of his walk, just at tho

, It is, in fact, in tho languaso of quaternions, a "vector," of
which tho speed is tho "tensor" or length, and of which tho
" voraor " assigns tlio direction. And tlio laws of composition of'

Telaritie« ar* in all respects tho same aa those of vectors.

Fig, 3.

moment when he did reach it. Here OA is the velocity

of the carriage relative to the earth, AB that of the pas.

senger relative 'to the carriage. q
This proposition may be called the

triangle of velocities. Another
obvious mode of stating it is to

complete the parallelogram of which
OB is a diagonal (fig. 3) ; and
then we have the same construction

in the form :— If tho two velocities

to be compounded, represented

by OA and OC, be taken as con-

tiguous sides of a parallelogram, the conterminous diagonal
OB represents their resultant.

§ 31. From the triangle of velocities we may pass at once
to the polygon of velocities, which gives us the resultant of

any number of simultaneous velocities. Thus, beginning
as above at any point (fig. 4), lay off OA, AB, BG
(however many there may be) as
successive sides of a polygon all

taken in the same direction round.
The separate velocities may be in

one plane or not. When this is

done, the final point C is easily seen
to bo independent of the order in

which the separate velocities were
taken, and is thus a perfectly definite ^
point. OC, completing the polygon, .

fig- *•

represents the resultant velocity. But it is taken in the

opposite direction round. If C coincide with O, there is

no resultant ;

—

i.e., a point which has, simultaneously,

velocities represented by the successive sides of any polygon,

all taken the same way round, is at rest.

In what precedes, wo have denoted the posftion of the moving
point in its known path by the single quantity s. But if we think
of its. Cartesian coordinates x, y, 2, we see that in general each of
these must vary during Die motion. And just as we represented
the whole speed by s so wo may speak of x as the speed in tlia

direction of the axis of x, &c. And now wo have a hint of a most
important character. For, by the ordinary laws of the differential

calculus, we have throe equations of the form

X dx
~^= rr <

a as

dx.

-di'-

, etc .

Now —- is the cosine of the inclination of the tangent at « to
ds ^

the axis of x. And so with 3/ and i. These give us

x'-hy» + j= = *-

Hence wo see that a speed in any direction may bo resolved into
three in any assigned directions at right angles to one another;
that the speed in any one of these is determined by roultiplyiog tha
whole speed by the cosine of the angle between its direction and that
of its resolved part ; and that the square of the whole speed is tho
sum of the squaies of the speeds in tho resolved motions. These
results, however, can be obtained more directly, and in a more
instructive manner, by tlie consideration of "velocities," and not
of mere "speeds." But, before we take this step, let us take the
second fluxions of the coordinates, and see to what they lead us.

From x =^i
as

we obtain at once

or, introducing in tho last term, both as a multiplier and an a
divisor, the radius of curvature of tho path,

dx d^x s*

ds '^ ds' p

with similar expressions for .9 and i'. These show that tho rates of
increase of speed, parallel to the three axes respectively, may be
considered as mado up of the resolved parts of the two directed

qnu titles 3 and t'/p- T'"' fi"^* '^ 'a '!>« direction of the tangent to
tlio iiuth, thosecond in the direction of the radius of cnrvature ; and
tho law of resolution is, for each, multiplication by the cosine of the
angle between tho two directions concerned. Wo shall presently
recognize these as tho compoueats of the acceloratioo.

iV, — 86
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§ 32, To resolve a velocity is of course a perfectly in-

definite problem, unless the number of conditions requisite

for defiaiteness be imposed. For, in general, it may be

taken as one side of any complete polygon, whether in one

plane or not ; and the other sides, all taken in the opposite

order round, represent its components.

The only cases which we need consider, in which the con-

ditions are such as to ensure one definite solution, are—(1)

when a velocity is to be resolved into components parallel

and perpendicular to a given line; and (2) an extension of

the same case to components parallel respectively to three

lines at right angles to one another. In case (1) the given

velocity is to be taken as the hypotenuse of a right-angled

triangle of which one of the sides is parallel to the given

line. In case (2) it is to be taken as the diagonal of a

rectangular parallelepiped of which the edges are parallel to

the three lines respectively. In either case the magnitude
of each component is found by multiplying the amount of

the velocity by the cosine of the angle between its direction

and thai of the component ; and the square of the whole
yelocity is equal to the sum of the squares of the components.

We are now prepared to take up the requisite preliminaries

for the application of the Second Law. What, in fact, is

" change of velocity " 1 The preceding statements at once

enable us to give the answer. For let OA (fig. 5) be the

velocity of a point at one
instant, OB at a succeeding

instant. To convert OA into

OB, we must compound with

it a velocity represented by AB.
AB represents the change.

Hence if, duriug auy motion

whatever of a point, a line OA
be constantly drawn from a

fixed point O, so as to repre-

sent at every instant the mag-
nitude and direction of the velocity of the moving point,

the extremity of OA will describe a curve (plane if the

original path be plane, but not otherwise, except in certain

special cases) which possesses the following important but
obvious properties :— (1) the tangent at A is the direction

of the change of velocity in the original path
; (2) the rate

of motion of A is the rate of change of velocity in the

original path. Hence in this auxiliary- curve, called the

HoDOGKAPH (q-v.), the velocity represents, in magnitude
and direction, what is called " acceleration " in the original

path. And, because the acceleration can thus be repre-

sented as a velocity, the laws of composition and resolu-

tion of velocities hold good for accelerations also.

§ 33. Hence, if we desire to know the whole acceleration

in any case of motion of a point, we need only find its

components in, and perpendicular to, the tangent to the

path. That in the tangent has already been found ; it is

* or 5 as in ,§ 29. For that perpendicular to the path 'we

may study the simple case of uniform motion in a circle.

§ 34. If a point move with uniform speed V in a circle,

the hodograph is

evidently a circle of

radius V, and is de- / ^i^ 4<-~-^
scribed uniformly in / A '7^y^\
the same time as the I ,

—''^ I
( )

orbit (see fig. 6). \
/ V. V^

Hence the speeds in ^ '

the two circles are as

their radii. Let R
be the radius of the Fig- 6.

orbit Then the magnitude of the acceleration in the orbit

(the speed in the hodograph) is found from

A:V::V:R
;

.that is, A = V2/R.

Fis.

The direction of this acceleration, being that of thtf

tangent to the hodograph, is perpendicular to the corre^

spending radius of the hodograph, i.e., to the tangent to
the orbit. Hence it is alon<^ the radius of the orbit and
directed imoards to its centre.

§ 35. In other words, to compel a. mass to describe an vn-
natural (because curved) path, it must be acted on by a
force directed towards the centre of curvature of the pathl

We anticipate so far as to introduce here mass and force,

although, strictly, we are dealing with kinematics. But
the student cannot be too early warned of the dangerous
error into which so many have fallen, who have supposed
that a mass has a tendency to fly outwards from a centre

about which it is revolving, and therefore exerts a "cen-

trifugal force," which requires to be balanced by a "cen-

tripetal force." The centripetal force is required if the

path is to be cur^'cd ; it is required for the purpose of

producing the curvature, and not be'^ause there is any tend-

ency to fly out from the centre.

g 3G. Thus, in any motion of <i point, the whole accel-'

oration is the resultant of two parts—the first in the

direction of motion and of magnitude equal to the rate of

increase of Epee4, the second directed towards the centre

of curvature and of magnitude as 'he curvature and the

square of the speed conjointly. The sole efTect of the first

component is to alter the speed, of the second to alter the

direction, of the motion. There is no acceleration per-

pendicular to the osculating plane, because two successive

values of the velocity, and therefore also the corresponding

change of velocity, are in that plane.

§ 37. A very convenient expression for acceleration which

changes the direction of motion is furnished in terms of

what is called the " angular velocity,'' i.e., the rate at which

direction changes. This also is properly a vector, or

directed line, perpendicular to the plane in which the

change of direction takes place, and of length proportional

to the rate at which the angle assigning tlie direction

changes.

§ 38. In the case of uniform motion in a circle of radius

E, with speed V, the time of describing the complete

circumference (27rR) is 2rfi/V. Hence the angular velocity

is V/R, usually denoted by u. Thus the above expression

for the acceleration in a direction perpendicular to the

path of a point (§ 34) may be written in the form pio-,

where p is the radius of curvature of the orbit and <o the

angular velocity of that radius. The direction of this

acceleration, as we have seen, is always towards the

centre of curvature.

§ 39. The general diSiculty of any question concerning

acceleration is usually a purely mathematical one, involving

only such physical considerations as are required for the

formation of the differential equations, and for the deter-

mination of the so-called arbitrary constants or arbitrary

functions involved in the integrals. We will not now
discuss the various forms in which the difficulty may
present itself, because in the course of the article many of

the more important of these will be fully treated in con-

nexion with motions actually observed among terrestrial

or cosmical bodies.

§ 40. We have sufficiently considered (§§ 27-29) uniform

acceleration in .the line of motion. Let us now consider

jiniform acceleration in a fixed direction, whether the

motion of the point bo in that direction or not. This is

the most general case of the motion of an unresisted

projectile, on the supposition that its path is confined

to a region throughout which gravity is sensibly constant

alike in direction and in intensity. Two well-known pro-

perties of the parabola lead to an immediate solution of

our .problem.

Let fig. 7 represent a parabola, defined completely by
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its focu>i S and its directrix MN. We suppose it to be

placed with its axis vertical, and vertex upwards. Take

any point P, join PS, |^ _f^
and draw P.M perpen-

dicular to the directrix.

Then
(a) If PQ bisect the

angle SPM, it is the

tangent to the parabola

at P.

Let Q be any point in

the tangent, and let QR,
drawn ptirallel to MP,
meet the curve in R. Then we have

(b) PQ2 = 4SP.QR.

§ 41. Now suppose a point, originally moving along PQ
- with uniform speed V, to have its motion accelerated in a

direction parallel to MP, the acceleration being a, a con-

stant. Then, after t seconds it would Lave n:oved along

PQ through a space Yt, and parallel to MP through a

space A a/''. Hence, if R be its position at that time,

From these equations we find at once

a

Th;s relation is of the same form as that already written

for a parabola, and (as it does not involve t) it holds for

every point of the path. Hence the point moves in a

parabola whose axis is vertical, which touches PQ (the

direction of projection) in P, and in which SP = V-jia,

Eut these three data determine the parabola. For we have

only to draw PM vertical, make the angle QPS = QPM, and

measure off the lengths PM and PS each equal to V-/2a.

M is a point in the (horizontal) directrix, and S is the focus.

Hence the path is completely determined.

It is well to notice that, as V'^ = 2aPM, M is the point

which the projectile would just reach if it were projected

vertically upwards (§ 29).

§ 42. If the speed of projection be kept constant, while

the direction of PQ alters in a vertical plane, S describes a

circle about P as centre. This consideration enables us

easily to Jind the direction of \

projection that a given ohject

may he struck. Let O (fig. 8)

be the object. Join PO, and
let it cut in B the circle MBS
{whose centre is P). Draw
ON perpendicular to the com-

mon directrix, and with radius

ON describe a circle about 0.

This will (in general) cut

WBS in two points F and
F'. These are the foci of the

two piths by either ofwhich the

prujet'.ile can reach 0, For by construction FO = ON, so

that O liei on the path whose focus is F. Similarly for F'.

Toiind the most distant point along PO which can bo

reached, with the given speed of projection from P, we
have merely to note that, as O is taken farther and farther

from P, F and F' approach B, and finally coincide with it.

If O be then at A, we have AT = AB, where AT is per-

I)endicular to the directrix. Hence, if we produce AT to

t 80 that Tt = BP, we have At = AP. Draw through t a

line tm parallel to TM. Then A lies on the parabola
whose focus is P and directrix mf. This parabola is -the

envelop of all the possible paths from P. Any point

within it can bo reached by two different paths. These
J)ecorae coincident when the point lies on the curve ; and
jMt voint outside it can be reached.

Fig. 9.

§ 43. Many of the most important cases of motion of a

point involve acceleration whose direction is always towards

a definite " centre " as it is called. In such cases the motion

is obviously confined to the plane which, at any instant,

contains the centre and the line of motion of the point.

Also the "moment" of the point's velocity about the centre

remains constant. Here a slight digression is nece.'spary

Def.—Given a directed quantity (a velocity, force, d-c.) in

a line AB (fig. 9). If a perpendicular OP he drawn to AB
from any point 0, the " moment " of

the directed quantity about is Vus

product of its amount hy the length

of the perpoidicular.

If the directed quantity be reversed,

the sign of the moment is changed.

The moment is, in fact, properly a

directed quantity (or vector) perpen-

dicular to the plane OAB. And its

numerical magnitude is double the area of the triangle

OAB.
[§ 44. The convention usually made as to the sign of rota- Conven-

tion about an axis is to regard it as positive when it is in tion a« u

the same sense as that in which the earth turns about •'"^°

its axis, as seen by a spectator above the north pole. ^"|u*iaf

This is in the opposite direction to that of the hands of a veiocit?

watch. Hence the plane angle AOP (fig. 10), represent- &«•

ing the change of direction of a line

originally coincident with OA, is

positive, and is looked on as due

to rotation about an axis drawn from

O vpwards from the plane of the

figure. Thus the rotation of the

sun and the orbital motions of the Fig. 10.

planets take place in the positi%'e direction about axes

drawn on the whole northwards from the plane of the

ecliptic ; or we may put it thus :—seizing an axis by the

positive end, we must imscrew—by the negative end, we

must screw—to give positive rotation. And when, later,

we consider rotations about three rectangular axes. Ox,

Oy, O^, we shall suppose them so drawn that rotation

through a positive right angle

about Ox changes Oy into Oz,
.

„ Oy „ O.' „ Ox,

„ Oz „ Ox „ Oy,

the three letters being throughout arranged in cyclical

order, xyz, yzx, &c.]

S 45. Here we must introduce a simple geometrical pro- CeoiD«i«<

. . cal pro

If any point be taken in the plane of a parallelogram, P"" '""^

and triangles he formed zvith the point as vertex and with,

contiguous sides and the conterininom diagonal as their

respective bases, the sum of the areas of the first two triangles

is equal to the area of the third.

Thus, in areas (fig., 11),

OAB-t-OAC = OAD.

If O lie within the angle BAG, as in fig. 12, the propo-

sition becomes
OAC-OAB=0AD.

'!"C—~....

--^D

h A'

Fig. n. Fig. 12.

§ 46. Remembering that these areas represent half th«

moments of the bases of the respective triangles about th^
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point O (that of OAB being negative in the second case

above), we see that

The moment of a diagonal of a- parallelogram about any
point in the plane of the figure is the {algebraic) sum of the

moments of two conterminous sides.

Now, suppose the sides of the parallelogram to represent

a velocity and its change. If the direction of the change

pass through O, its moment is nil. Hence, for acceleration

directed towards a fixed point the moment of the velocity

about that point is constant.

This is commonly expressed by saying that the radius-

vector describes equal areas in equal times abovt the point to

which the acceleration is directed. For the moment of the

velocity is double the area so traced in unit of time.

Another way of expressing the same thing is to say

that the angular velocity of the radius-vector is inversely

as the square of its length. For the product of the

square of the radius-vector and its angular velocity is

double the area described by it in unit of time.

The converse of this proposition is also evidently true

;

i.e., when a point moves so that the mom^it of the velocity

about a point in the plane of its motion is comtant, its

acceleration relative to that point (ifany) is directed towards

orfrom that point.

§ 47. Analytically : if P be the acceleration, directed towards
k fixed point which we choose as origin, we have

«= -Pcose= -Vx/r,

e=-?sine= -Vy/r,

(r and 6 being the polar coordinates of the moving point ; we have
already seen that the path is necessarily plane). Eliminating P,
we have

=ii)-j/2—^(r^tf).

Thus xi/-yi = r'i^con3t = h.

This may be transformed, at once, by the methods of the differ-

ential calculus, iuto

ps=pv = h,

where ^ is the length of the perpendicular from the origin to thcp

tangent to the path. Conversely, if 'eqnal areas be described by
the radius-vector in equal times, we have

r'i=xi/-yx=-Ji.

Whence xS-yx = 0,

"r !t= Qx, g= Q'j.

Hence the whole accoleratiou is Qr, and is directed towards or
from the origin.

While we are dealing with these formulae we may investigate the
general expressions for velocity and acceleration in terms of polar

coordinates for a point moving in a plane.

We have E=rcos9, y= rsm$.
From these

x=f-cos9 - rdsiwS

,

i/ =i-s'me + rdcos9

.

Hence the speed along the radius-vector is

xcosg + !)s\nB = r ;

and that pei-pendicular to the radius-vector (in the direction in

which 6 increases) is

Scos9-xsine= r^.

These expressions might have been written down at once, if we
note that Sr and rSd are the resolved parts of Ss along, and perpen-
dicular to, r. But we must be careful how we carry this species of

reasoning one step further. Taking the second fluxions of x and y,
we have

£ = (,f - rS')co30 - (2fi + rS)sine,

p={f- r6-) sme + (,2f6 + rS) cos 9.

Hence the acceleration along the radius-vector is

icos9+^sine=j"-rd',

and that perpendicular to it (positive when in the direction in
which 9 increases) is

Seos9-Ssine='2f6 + rS= ^^—yr(r'6).
r dt

Thus, although f represents truly the speed along r, ¥ does not
represent the acceleration in that direction. It represents, in fact.

only the accelerntion of speed along r. But we have seen that there

is acceleration along r, if its direction chaugcs, even when its length

is constant, i.i^., wlicn the path is circular ; and in that case t6'' is

tUe quantity which we designated as par in § 3S.

As a verification of these formulie, let us consider uniform
motion in a straight line.

Here rcos9=a,

the equation of the straight line, and

atanfl = V<,

the condition of uniform motion. We have

r= (isecetan9.tf

,

'V=ascc'».tf = r=tf/rt;

# = Vsiu9,

f=Ycose.6 6= —5-

Here, although there is no acceleration, r has a definite value. ' Rnt

r - rd- = nn'7r3 - arTir^ - .

From the expressions for the acceleration along and perpendicular

to the radius-vector we at once obtain the result above (§ 46).

For, if there be no acceleration perpendicular to the radius-vector.

T^^'-'"
we hare

from which
r'tf-const. =A.

We have, in addition to this, the expression for the aoceleratlou

towards the origin,

r-rtf2_-P.
Eliminating 6, we have

r-A7r' = -P.
This gives r in terms of/, and thns reduces (if wo please) any case A«cl^o.

of a central orbit to a corresponding case of rectilinear motion, tionta

The difference between the accelerations in the revolving radius- rase of

vector and in the fixed line is a term depending on the inverse recti-

cnbe of the radius-vector. But the usual mode of proceeding is as linear

follows. motioB.

Multiply by til and integrate, then

f- + -

or

C - 2/?dr ;

The left-hand member obviously represents the square of the
velocity, as it is the stun of the squares of f and ri. For we hare

dr . drh
dB cTeW

This gives a relation between r and 9, which is therefore tho
polar equation of the ]iath described. It is u.iual to employ,
instead of r, its reciprocal l/r=K. With this the equation be-

comes

DifTurontiating with regard to 9, and dividing by 2A' ", «• ob-

tain finally

+ u-
P

'

h:Hi'

'

an equation of very great importance.

When there is acceleration T perjiendicular to the radius-vector,

as well as - P along it, this equation takes the form

T T du

dff
+ u-

u- u^ d9

h- + 2VI d9

% 48. There ore two specially important cases of centra*

acceleration. The first is that of the gravitation law,

the other that of Hooke's law. We will take these ii>

order, but by very different methods, v

§ 49. Planetary Motion.—With the gravitation, law the

acceleration varies inversely as the square of the distance

from the point to which it is directed. But, as we have

just seen, the angular velocity of the radius-vector, i.e., of

the direction of acceleration, varies according to the samo
law. Hence in the hodograph, the linear velocity (who.so

magnittide is that of the acceleration in the path) is pro*
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portional to the angular velocity of the tangent (whose

direction is parallel to tlie acceleration).

Thus, in the hodograph, the angle between successive

tangents is proportional to the arc between their points

of contact; and therefore the curvature is constant;

—

i.e.,

'the hodograph is a circle.

' Let A (fig. 1 3) be the centre of this circle, O the pole of

the hodograph, P any position of the tracing point. Then

OP is, in magnitude and direction,

the velocity iu the orbit. But it may
be looked on as consisting of two

parts, OA and AP. Of these both

are constant in magnitude ; but OA
is constant in direction, wliile- AP is

perpendicular to the direction of ac-

celeration in the orbit. Hence the

velocity in the orbit is the resultant

of two constant parts,—one always in a fixed direction,

the other always perpendicular to the radius-vector.

This gives the form of the orbit as follows :

—

x=a{e-y/r), y=axjr;
80 that ri'-^xx + yy^erj,

or r-e(y + J);

where the meanings of the quantities are obvious.

But if PO cut tba circle again in p. Op is proportional

to the perpendicular on the tangent to the orbit from the

centre of acceleration (because PC.Op is constant) and is

at right angles to it (because it is in the direction of the

velocity). Hence' the path is such that the locus of the

foot of the perpendicular from the centre of acceleration

on the tangent is a circle. This property belongs exclu-

eively to conic sections, one focus being the point from
which the perpendiculars are drawn.

A third and even simpler mode of treating this most
important problem is as follows. Draw OM perpendicular

to PA (produced if necessary) and PN perpendicular to

OA- Then OM is the resolved part of OP parallel to the

tangent at P, i.e., it is the speed with which the length of

the radius-vector changes. Also PN is the resolved part

of OP perpendicular to the fixed line OA, i.e., it. is the

speed with which the moving point travels in a fixed

direction. But by similar triangles OAM, PAN, we have

OM : PN : : OA : AP=a constant ratio.

Hence the increment of the radius-vector bears a constant

ratio to the simultaneous increment of the distance of the

moving point from a fixed line in the plane of motion.

This is only a slightly altered form of statement of the focus

and directrix pro[ierty of conic sections.

When O is within the circle, the constant ratio is less

than unity, and the conic is an ellipse; when without,

the ratio is greater than unitj', and wo have an hyperbola.

When O is on the circumference of the hodograph, the

path is a parabola ; for the ratio is unity.

In a subsequent section we will return to this question,

and treat it from the point of view of Kepler's Laws of

Planetary Motion.

Simple as are the geometrical methods above, the direct analy-
tical one is still simpler. For we have

eo thai -T- cosff, j;--A8in9.

Hence, as before (§ 47),

xjf-yx-r'i — h;

•ud tharefore, by eliminating r", wo have

-cos8. i, D- --^sine.d,

«a that - r sin I!

These give at once, by squaring and adding,

the equation of the circular hodograph. Also, by multiplying the

first by y, and subtracting it from the second multiplied by x, we
have

h- fix-hay" rftjh

,

the equation of the orbit. This is evidently a conic section of

which the origin is a focus. The directrix corresponding is the

line

ay-$x + h = 0,

and the excentricity is

From these the major axis can be calculated.

§ 50. Elliptic Motion about the Centre.—When a point

moves uniformly in a circle, the motion presents very differ

eut appearances according to the spectator's point of view.

If we suppose him to be situated at a distance very great

compared with the radius of the circle, he sees what is prac-

tically an orthographic projection of the orbit on a plani:

perpendicular to the line of sight. In general, au ortho-

graphic projection of a circle is an ellipse—whose centre is

the projection of that of the circle. As equal areas aro

projected orthographically into equal areas, tiie appearanco

is therefore elliptic motion, in which the radius-vector from
the centre describes equal areas in equal times. Heuca

(§ 46) the acceleration is directed towards the centre. But
accelerations are projected like velocities, and like lines.

Hence, as the acceleration in uniform circular motion is

constant, and directed towards the centre, so iu elliptic

motion, with equable description of areas about the centre,

the acceleration is towards the centre, and is proportional

to the length of the radius-vector.^ But this projected orbit

may again be projected orthographically, as often as we
please, on different planes. It will always remain elliptical,

and with the radius-vector from the centre describing equal

areas in equal times. Aud the acceleration will always

be iu the same proportion as before to the radius-vector.

However different in size and shape these elliptic orbits

may be, they have one common property, the time of
describing them is the same.

Thus we see that when the orbit is an ellipse described

about its centre of figure the acceleration isjicentral, and
proportional to the radius-vector. The time of describing

such an ellipse depends only upon the ratio of the

acceleration to the length of the radius-vector; or, if we
choose, upon the magnitude of the acceleration at unit

distance. And the converse of this proposition is also

evidently true. When we look edgewise at the uniformly-

described circular path with which we commenced, it is

seen projected into a straight line, in which the moving

point appears to oscillate. This is the case, for instance,

very approximately, with the satellites of Jupiter as seen

from the earth. Sun-spots, the red-spot on Jupiter, itc,

all appear to move approximately in this way. But tlio

extreme importance of this species of motion is that it is

the simplest type of oscillation of a particle of matter

displaced from a position of stable equilibrium. The
vibrations of the ether when homogeneous plane-polarized

light is passing through it, of the air when a pure musical

note is sounded, the oscillations of a pendulum (through

small arcs), the simplest vibrations of a pianoforte wire

or a tuning-fork, the indications of a tide-gauge when the

sea is calm,—all are instances of it. Hence the special

necessity for studying it in detail.

§ 51. Def.—Simple harmonic motion is the resolved part,

parallel to a diameter, of uniform circular viotion,

' The elastic force called into play by displacement is, by Hooka's
law, proportional to the displacement, and tends to restore the dis-

placed particle to its equilibrium position. We mention this, in

passing, to show the importance of the present investigation.
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Let a point P (fig. 14) move uniformly in tbe circle

APA'. Then, drawing any diameter AOA', and PM per-

pendicular to it, the motion of M is

simple harmonic.

The speed and acceleration of M
are obviously the resolved parts,

along AA', of the speed aud ac-

celeration of P. Hence if V be the

Bpeed of P we have

speed ofM-?Mv,

MO
acceleration of M = p^ x acceleration of P

MO V» V^
"po ' PO~PO^^°-

From these expressions we see that, if we call la the angular
velocity of OP, so that <d = V/PO, we have

sp'jedof 5I = PM.ii>,

acceleration of M = JIO. a'

.

Thus the speed of M increases from A to 0,—being zero

at A, and V at ; then it falls off to zero at A', and goes
through the same numerical values in the opposite order,

when the direction of motion is reversed at A',

The acceleration of M is always directed towards 0. It

has its greatest value at A and again at A', and is always
proportional to the distancefrom 0- If T be the period of

the simple harmonic motion, i.e., the period of rotation of

P in the circle, we have

(0 \ '

where a Is the radius of ias circle, or, as it is also called,

the "amplitude" of the simple harmonic motion. We
may now write as the characteristic of this species of

motion

acceleration ,

or T = 2)r

4_2
= .=j X displacement

;

displacement

acceleration

/dl

V ai

§ 52. In our further remarks about simple harmonic
motion the following terms will be found convenient. P is

the position at time t of the point moving in the circle.

Let E be its position at the zero of reckoning, when t = 0.

Then the angle AOP may be called the "phase" of the

simple harmonic motion, and AOE the " epoch." In time

units the values of tbe phase and epoch are found from
their circular measure by dividing by w.

If the position of the point moving with simple harmonic
motion be denoted by x, we obviously have

i-OJI = OPco3POA,
-OPcos(POE + EOA).
•"acos(ai<-Hc).

This expression is to be found, perhaps more frequently

than any other, in all branches of mathematical physics.

It is in terms, or series of terms, of this form that every

periodic phenomenon can be described mathematically, as

will be seen later. From the expressions for the longitude

and radius-vector of a planet or a satellite to those of the

most complex undulations whether in water, in air, or in

the luminiferous medium, all are alike dependent upon it.

The results obtained geometrically above are easily reproduced
from this form :

—

thus *= -ai»sin((i;< + c);

and S= -aai'cos(ai(-t-f)= -Ktu'.

§ 53. The simplest graphical method of exhibiting the

rfiature of any kind of rectilineal motion is to compound it

with a uniform velocity in a direction' perpendicular to the

line in which it is executed. This is, in fact, what is done
in the majority of_«/^-re^w(en'ny instruments, where a

slip of paper is drawn by clock-work uniformly past
the moving point, in a direction perpendicular to its lin»
of motion, and a record is made by mechanical means, by
a pencil, by an electric spark, or (best of all) by photo-
graphic processes. When this process is applied to a
simple harmonic motion the record is of the general form of
the curve in fig. 15. This curve has long been known a»

Fig. 15.

the " curve of sines," or the " harmonic " curve. All its

forms can be deduced from any one of them by mer»
extension or foreshortening in the vertical or horizontal,

directions in the figure. It represents the simplest forma'

into which a vibrating string can be thrown, as well as tliei

instantaneous form of a section of the surface of water along
which a simple series of oscillatory waves or ripples is pas*,

ing. In this case the form of the section remains tho
same as time goes on, but the whole figure moves steadily

onwards in the direction in which the waves are travelling..

This is expressed analytically by the form

y = acos{nl-mx), \

where x and y are horizontal and veitical coordinates of a point at

the surface of the water, y being measured from the level of th»
undisturbed surface. When x is constant we study, for all time,,

the simple harmonic rise and fall at a particular ^/a«. AVheniia
constant we have the above-6gured instantaneous glance cf a sec.

tion of the whole water-surface.

The rate at which the wave travels is obviously njm ; for, if we
increase t by any quantity t, and x by the corresponding quantity
nr/m, the value of y is unaltered.

§ 54. We have next to consider the result of superposing

or compounding two simple harmonic motions which take

place in the same line. The geometrical method amply
suffices for this purpose provided Ihejxriods of tbe two are

equal, however different may be their amplitudes and their

phases. For, if we suppose PQ (fig. 16) to turn about P in

the same plane and with the same
angular velocity as OP about 0, the

angle OPQ will remain unaltered, and
therefore the triangle OPQ will remain

of constant size and form while turn-

ing about 0. Thus Q describes a

circle about O in the given period.

The resolved parts of OP, PQ, along

any diameter OA, together make up

the resolved part of OQ along the Fig- 16.

same line. Hence two simple harmonic motions, of the same

period and in the same line, are equivalent to a sinffle simple

harmonic motion of the common period. The amplitude

of the resultant simple harmonic motion is OQ, and

depends only upon OP, PQ, and the angle OPQ,—the;

amplitudes of the two component simple harmonic motions

and the supplement of the difference of their phases.

§ 55, When the difference of phase is nil, or any whole

numberof circumferences, the resultant amplitude is thesum

of the amplitvides of the components, which is its greatest

value. When the difference of phase is_an odd number of

semi-circumferences, the amplitude of the resultant is the

difference of those of the components.

If we produce QP to meet OA in R, we see that QOA,
the phase of the resultant simple harmonic motion, is inter-

mediate in value to the phases of the components, which are

POA and QRA respectively. Its excess over the one,

and its defect from the other, are the angles at Oand Q iu

the triangle OPQ ; and thei'r sines are to one another as

the separate amplitudes QP, PO. Hence, when these am-

plitudes differ, the phase of the resultant coincides more

nearly with that of the component whose amplitude is tho

greater.
^
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iAiiaiytieally the resultant motion is expressed by

^ •= ft cos (iu( + 1) + a'cos (mi + «'}

,

= (ft cos r+ a' cos t'l cos ai< - (ft si a « + rt'sin e') sin ui

,

= rcos(a,< + Q),

ItroviJcil tliat

P cos Q » « cos « + a'cos e',

«uil PsiiiQ = asin« + o'sin6'.

These expressions pive for the amplitude of tlic resultaut

P_\/'(nco3( + a'co3€')' + (asiiie + a'sia«')-,

— s/(n- + 2aa'cos (e - e') + a'*.

This may be put in cither of tho forms

\/(« i- u')- - 4na'sin-'J(« - t') or v'('' - df + iaas^o^-\\t - e'),

from wliich the aho^e conclusions follow at once.

Also, for the epoch of the resultant, we have

- ftsinf + ft'sinf'
tan Q = —;

—

-,

, .

acobe + a cose

Whf'ii anJ • are both positive ami less than It, this is obviously

interrncJiate in value to tan t and tan e'.

When tlie periods of the components are 'lot exactly equal, the

simple artifice which follows enables us still to apply the same
method of composition. We have now

x-a cos {ut + c) + n'cos {a't + e')

,

- a cos [ail + t} + rt'cos (ut + i'+ [u - u)t)

.

Hence the abnvo values of P and Q will still satisfy the conditions

if we write e'-l {a -u)t instead of e'. Thus we may treat tho two
components as being of the same period, but make the epoch of one

of them steadily increase with an angular velocity equal to tho

•litrerenoc of the angular velocities in the generating circles of the

components.
Tlie triangle OPQ will no longer preserve its form ; it will pass

continuoiishj through all the various forms which we have seen

would be given to it by various differences of phase in the com-
ponent simple harmonic motions. Tho time in which it returns to

a foVmer value is evidently 2T/(oj'-aj), which is greater the more
nearly equal are the periods of the components.

§ 50. One of the best example.s of the principles we have

just discussed is furnished by the tides. If there were

but one tide-produciug body, we should have (approxi-

mately) a simple harmonic rise and fall of the sea-level at

any given place twice over in the course of about twenty-

four hours, and the phase would depend simply upon the

distance of the tide-producing body from the meridiun

(whether above or below the pole). The joint effect of the

sun and moon is practically the resultant of the effects

which they would separately produce. Hence, when these

bodies are in conjunction or in opposition {i.e., at new or

at full moon), the whole rise of the tide is the sum of tho

solar and lunar tides ; and we have what are called "spring

tides." When the moon is in quadrature, the amplitude of

the tidal rise or fall is the excess of tiie lunar over the

.solar tide, for it is low water as regards the sun when it is

high water as regards the moon. In intermediate positions

the effect lies between these extremes, but the joint high-

tida lies nearer to the crest of the lunar than to that of the

solar tide. In the first and third quarters of the moon,
high tide is earlier than the high tide due to the moon alone ;

in the second and fourth later. This is what is called

" priming" and " lagging " of the tides, and is seen at onco

to follow from the construction given above. Had the

lunar and solar tides been of equal amplitude, spring tides

would have been of double the altitude of either, and tliero

would have been no tide at all at the time of neap.

The mode in which we have treated this special case is

an illustration of the general method (above described) of

combining simple harmonic motions in which the periods

are slightly different.

§ 57. What we have said of the tide-waves holds of

course of all waves in which the separate disturbances are

so small that the joint effect is found by superposing the

separate effects. Thus when, at sea, two series of waves

of equal length meei at any place, the resultant is still a

set of waves of the same length, but the altitudes and
phases of the components determine those of the resultant.

When crest meets crest, we have waves of the sum of

the original amplitudes; when crest meets trough, the

difference. In the latter case we have still water when
the amplitudes of the components are equaL What is

called a " jabble,"—where, for a short time, a portion of a
stormy sea is almost calm, and after a little it is violently

agitated,—is the result of a number of " cross seas."

§ 58. If we now consider the instantaneous form .of a

section of the surface, instead of the successive displacements

of one portion of it, we can easily account for a striking

phenomenon which is very frequently observed on a shelv-

ing beach. We often notice that every ninth or tenth

wave or so is higher than those immediately before or

after it. This is the result of superposition of two or

more sets of waves in which the distance from crest to crest

is different in the different sets. In the joint system we
have, represented as in § 53, phenomena akin to the spring

and neap tides, and the priming and lagging of the tides.

Fig. 17 shows part of the result when the amplitudes aro

equal, and the wave-lengths as 15 to 17. It gives also a

rough approximation to the whole result when the lengths

are as 7 to 8 or as 8 to 9.

§ 59. To compound any number of simple harmonic
motions, of equal periods, in one line, we may obviously

take them two by two, and apply the preceding process

over and over again till we have as final resultant another

simple harmonic motion of tho common period.

Or thus :—
i-2acos(ai< + 0-cosa)(2(nco3/)-3iri(.j<2((isinO-rcos(iuJ-rQ),

where PcosQ-2(acose), PsinQ = 2(asint).

When the separate periods are not equal, and not even

nearli/ equal, it is only in special cases that any simplifica-

tion can be effected by analytical processes. But this is

not much to bo regretted, because for most purposes a

graphic method is suQicicutly accurate, and it can always

bo easily carried out.

§

harmonic motions in directions at right angles to each

other ;—but for tho present we confine ourselves to tho

case in which their periods are cguaL In thia case wo

S CO. \Vc must now consider thi composition of simple

know that the acceleration is in the -iame ratio to the

displacement in each of the two rectangular directions.

Hence by the general theorem

of § 50 the motion is elliptic,

v/ith uniform description of

areas about the centre.

To analyse this, suppose, at

starting, that their amplitudes

also are equal. Lot OA,
OB (fig. 18) represent the

two rectangular directions.

With centre O, and radius

equal to the common ampli-^»-^
"""

'

— '^
tilde, describe a circle. Let

AOE, BOF represent the /'« ^^

epochs of the tv/o components (tho corresponding circulat

motion being supposed positive for each), then obviously

EOF oxcceds by a right angle the difference between the

i")



688 MECHANICS
iijirnioni

motions
at right

angles.

PerlotU

nearly

equal.

Mm pie

harinoiii

motions
I'f one
jieriod.

in any
diree-

tiiins.

phases of tho motions in OB and OA. Then if P, Q
' represent at time t the corresponding positions in the

common circle, we have arc FQ = arc EPj and if perpen-

diculars be drawn, PM to OA, and QX to OB, their

intersection S is the position at time t in the resultant

motion. The locus of S is, by what has been proved
above, an ellipse which touches the sides of the square

CDCD'.
When EOF is a right angle, i.e., when the phases r^re

alike, this ellipse becomes the diagonal CC of the square

touching the circle at tho extremities of AA' and BB'.

When EOF is three right angles, the ellipse becomes the

diagonal DD'. When it is two right angles, or four, i.e.,

when OB is one quarter, or three quarters, of a period in

advance of OA, the ellipse becomes the circle ABA'B'.
To find in any case whether it is described positively or

negatively (§ 41), we have only to notice how OS turns.

Now while P is near A, MS remains closely coincident

with AC. If, then, Q be anywhere in the semicircle BA'B',

N moves in the direction BB' and the angle AOS diminishes.

Hence the ellipse is described negatively (or in the direction

of the hands of a watch) if the epoch of tho motion in OB
exceeds that of the motion in OA by anything up to two
right angles. And similar reasoning shows that, if the

excess be from two to four right angles, the ellipse is

described positively.

If the amplitudes be not equal, we have only to extend

or foreshorten the figure parallel to OA or to OB. The
square CDCD' becomes a rectangle, in which the orbits

(all of which, with the exception of the diagonals, are now
ellipses) are~inscribed. Everything else is as before,

§ 61. When the periods in the two component motions

are nearly, but not quite, equal, the phase of one gains

gradually on the other, and the path passes continuously

through the forms of all the possible ellipses, but remains

possessed of the one property common to them all. It

becomes a species of spiral', but in every convolution it

touches, in succession, each side of the square or rectangle

above discussed.

§ 62. Similar reasoning shows that the superposition of

any number of simple harmonic motions in any directions

and with any amplitiides and differences of phase, provided

the period is the same for all, gives rise to motion in an

ellipse about the centre. But this follows more easily from

analysis.

Take, first, two simple liarmonic motions of the same period

parallel to tho axes of x and y. We have

x=acos[ut + t).

Eliminating t between these equations, we have at once

—5 - 2—,COs(e 6)+-i:i=sinM.'--0,

the equation of an ellipse.

It becomes a circle when and only when

a= a', CK (t - e)= ,

i.e., when the amplitudes art- equal, and the phases differ by an
odd number of right angles.

It becomes the straight line

xja - yja'= ,

when e' - <• is iero ; and
x/o+j//o'-0,

when t' - e is two right angles.

If SOA be called », we have

X acos(w( + €)

-—(oos(e' - «) - sin («' - 1) tan [ul + «)) .

Hence, taking the fluxion of each side,

sccV. i~ -^«sin(«'-€)sec»(«« + «).

Thus, as before, 6 is essentially nejatire, i.e., tho ret.ition in tlia
ellipse is right-handed if e'-t lie between and t, left-handed iT
it lie between ir and 2?r.

For a simple harmonic motion, denoted by

(-acos(ut + i),

in a line whose direction cosines are I, m, n, wo have the con»-
ponents l(, m(, «f parallel to the three axes respectively. Hence
for tho resultant of any number of such, all having the same period,
we have

x=2 . aicos(<»<-h«) - cos«<2(aico««)-«iiiua(alsin«)».

Thus wo have three equations of the form

X = A cos at - A' sin at

,

y = Bco3tti<- B'sinoj^,

;= Ccosai - C'siu co<

.

If we take tluree quantities x, n, », such that

AA-f/iB +vC =0,
\A.' + n]i' + vC' = 0,

we have also

Xx + iiy + vz = 0.

The 6ret two equations determine without ambiguity the ratios of
/I and >» to X. Hence the tliiril is the equation of a definite plajie
in which the path lies. "We may now choose this plane as that of
X, y. The value of s above becomes identically zero ; and tho
elimination of I between the equations for x and y gives the ellipse

as before.

§ 63. When the periods of the simple harmonic motions Pera;

aie not equal we have not

a; = acos((u<-K:), y — acos[<ot + c).

It is easy to trace the corresponding curve by points

;

but, except when there is a simple numerical ratio between
o» and Ul, the equation cannot be presented as an algebraic

one between a; and y. If 2(o' = a), we may shift the epoch
60 that the equations may be written

a;=acos(2(o'<-l-o), y = a'cosa'l

.

Eliminating t from the first, by the help of the second, we have

•(S-)™-?x/'
This denotes, in general, a curve of the fourth order, of a figure-of-

8 form, as in fig. 19. AVhen a = nT the curve is a portion of a

Fig. 19.

parabola, its vertex being to the right or left as n is odd or even.

This parabola corresponds, in the present case, to the straight lines

is the cas8 of § 62. When the periods differ slightly from the ratio

2 : 1, the path passes in succession through the forms traced, for-

ward and backward alternately; and, each time that it opens out
from the parabolic form, the tracing-point describes it in the
opposite direction to that in which it described it before the path
collapsed into the parabola,

§ 64. The principles already illustrated are sufficient

for the examination of every case of this kind. But one

or two particular cases merit special notice. The case of

two uniform circular motions of equal periods, in one

plane, we have already noticed (§ 54). Q describes its

circle about P, P its circle about 0, and the result is

uniform circular motion of Q about O. The radius of

this circle may be equal to the sum or difference of the

radii of the separate circles, or may have any intermediate

value, according to the difference of phase. If the periods

be not exactly equal, the motion takes place virtually in

a circle whose radius continuously oscillates between the

above limits. The path is a species of spiral, which lies

between two concentric circles of these radii.

§ 65. When the component circular motions are in

opposite directions, we have an extrer.aely interesting and

important case. It is obvious that there must now bo

positions in which OP and PQ are in the same straight
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line. Let OA, AB (fig. 20) be one of these. Then, iu

any other position, OP and PQ are equally inclined to OA.
The path of Q is an ellifse, of which the major semi-asis

OB is the sum of the radii, and the minor axis their

difference. Hence wlien the radii are equal the result is

simple harmonic motion in

the line OBB' Thuswehavo
the proposition, of very great

importance in optics, that a
siujple harmonic motion may
be looked upon as the resultant

of two equal and opposite

circular motions in one plane. ^'S- 20.

When the periods are not exactly equal, the motion may
be regarded as simple harmonic motion, in a lino which
rotates with uniform angular velocity in a plane. This is

the case of Foucault's pendulum, and of plane polarized

light passing along the axis of a crystal of quartz, or

tlirough a piece of glass or other transparent substance in

the magnetic field.

§ C6. Uuiform circular motions, of different periods,

give epicycloids, &i:. A particular case is uniform circular

motion superposed on uniform rectilinear motion, in which
case we have cycloids, &c. But these we merely mention.

§ G7 By far the most important of the applications of

simple harmonic analysis is summed up in what is called

Fourier's Tueokem.—A complex harmonic function,

with a constant term added, is the proper expression for any
periodic sinyle-valued function, and, consequently, can
express any sinyle-valued function whatever between any
assigned values of the variable.

To show the importance of this in physics we need take
but a single example. The one essential characteristic of
a musical sound is its " periodicity." Hence it may be
analysed into a series of simple harmonic disturbances.

Their respective periods are the fundamental period, its

half, third, fourth part, &.c. The first gives the pitch of

the note ; the others determine its quality. The investiga-

tion which follows is not intended to prove the theorem

;

it is merely introduced as readily suggesting it.

Tho cssenco of jieriodicity of a function /is that we must have

whatever be x, provided o be the period.
AVe may write this ns

I
"--

Now the eqiiatioa

has the real root

f-0,
and the infinite series ot pairs of imaginary roots

where i is any integer. Hence

6'f-r*^-{(l+{72V)(l+{-/4V)(l+f/6V)
. . .

so tliat tlio differential cTiintion for/{j-) gives, besides a constant
term, the infinite series of terms duo to solutions of enuations of
tlic second order of wliicli the type is

i^m^'y^^-'^-
Tlie solution of this rcpresontitivo ecjuation gives the followin"
Jiarticular integral of tho complete equation,

°

/I.i) - P, cos (ii'irea
-

' + Q,)

.

Hence the general solution is

f[x) - Aa + 2|° r, cos (2iV.Trt -
' + Q.)

-A|, + 2j"AiCos2(Vjr« > + 2» n.6in2i>»i-',

where the constants arc to be detciinincd by special integration;
according to the process already described in the article Hakmo.nio
Analysis {q.v.).

As a single example, suppose that the value of/(a;) is unity from
x = to x=a, and zero from x = a to x = 2a. This has many
applications, as, for instance, to alternate heating and cooling of
one surface of a solid, alternate " make and break " with a battery
and a telegraph wire, &c. In this case \vc have

m~-^ + ~2, 2^:j-^sm—̂ — .

§ 68. A point describes a logarithmic spiral with constant Resisted

angular velocity about the pole ; find the acceleration.^ harmonic

Since the angular velocity of SP (fig. 21) and the incli-
""o'""-

nation of this line to the tangent are each I'ousl^nt, the linear

velocity of P is as SP. Take a length FT, equal to f.SP,
to represent it. Then the hodograph, the locus of p,
where S/) is parallel and
equal to PT, is evidently

another logarithmic spiral,

similar to the former, and
described with the same con-

stant angular velocity. Hence
pt, the acceleration required,

is equal to e.S/j, and makes
with S;) an angle equal to

SPT. Hence, if P;t b°, drawn
parallel and equal to ])t, and
ttv parallel to FT, the whole
acceleration Pk may be resolved into Pu and vn ; and
Pvu is an isosceles triangle, whose base angles are each
equal to the angle of the spiral. Hence Vv and vu bear
constant ratios to Vu, and therefore also to SP or PT.
The acceleration, therefore, is composed of a central

acceleration proportional to the distance, and a tangential

retardation proportional to the velocity. And, if tho
resolved part of P's motion parallel to any Hue in the
plane of the spiral be considered, it is obvious that in it

also the acceleration will consist of two parts—one directed

towards a point in the line (the projection of the pole of

the spiral) and proportional to the distance from it, the

other proportional to the velocity but ijetarding the motion.

Hence a particle which, unresisted, would have a simple

harmonic motion has when subject to resistance propor-

tional to its velocity a motion represented by the resolved

part of the spiral motion just described.

If a be the angle of the spiral, a> the angular velocity of

SP, we have evidently PT. sina^SP.w.
Hence

n' . SP (suppose)

;

and

=^'-sF-

VU'=i'?V . coso=- -PT=.2i-. PT (suppose).

Pd = Ph =;)« -^ =^^ PT = ^=V- SP
bin a sin^a

2aC0Sa

sin a

Thusthecentral acceleration at unit distance is «' = (o^/sin'o,

and the coefficient of resistance is 2^- = 2u)COSQ/sino.

The time of oscillation is evidently 2jr/<o ; but, if there

had been no resistance, the properties of simple harmonic

motion show that it would have leen 2ff/» ; so that it

is increased by the resistancu in tie ratio coseca : 1, or

n : Jii^^i.
The rate of diminution of SP is evidently

PT . coso- SP-XSP;

that is, SP diminishes in geometrical progression as time

increases, the rate being k per unit of time per unit of

length. By an ordinary result of arithmetic (compound
interest payable every instant) the diminution of logSP in

unit of time is L

' The physical application of this problem to pendulum motion,*

takinf;; place in a medium in which there is resistance proportional to

the velocity, will be afterwards discussed analyticallr.

/.-—2.1,
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Hence, in the resolved part of tlie motion, tlie logarithm

of the amolitude is diminished, every half vibration, by

This process of solution is only applicable to resistance

of harmonic vibrations when u is greater than k. When n

is not greater than k the auxiliary curve can no longer be

a logarithmic spiral, for the moving particle never describes

more than a finite angle about the pole ; and then the geo-

metrical method ceases to be simpler than the analytical one.

§ 69. What we have said about composition of motions

is merely a particular case of the general question of

relative motion, which in its main principles is exceedingly

simple. It is entirely comprehended in the following pro-

positions,—which may be regarded as almost self-evident.

Given the motion of A with regard to a point 0, and that

of B with regard to A, to find that of B with regard to 0.

By compounding the vectors of relative position OA,
AB, we have at once the required vector OB. Thus it

ii obvious that we have only to add the separate com-

ponents of the velocity of A with regard to O, and those

of B with regard to A, to obtain those of B with regard

to O. And, of course, the same rule applies to the

accelerations.

If X, y, z be the cooi-dinates of A (referred to 0) at time t ; x'.

if, x' those of B referred to parallel axes from A ; {,7), C those of

B referred to ; we have at once

i = x-\-7!, it = y + i/', f=2 + 2'.

Ttiey give, by differentiation with regard to t,

4= i + i', &c, ^=x + x', ic,

Vhich constitute the analytical proof of the statement above

§ 70. Hence we have the solution of the further question ;

Given the motions of A and B with regard to 0, to find the

relative motion of £ with regard to A. In this case, of

course, before compounding, the vector of A must have its

sign changed.

Another very important case is that in which the motion

is referred to axes which are themselves moving. So long

as their directions remain unchanged, this reduces itself to

the former investigation as a mere question of changed

origin ; so that we need consider only the effect of the

change of direction of the axes. And this is at once de-

ducible from the results of last section. For we have only

to consider, instead of the moving point, its projections on

the moving axes, and find their velocities and accelerations

relative to fixed axes.

Bevolv- Thus, if the rectangular axes of x and y be fixed, and those of

(ng axes, f and tj be rotating in the same plane, we have a datum of the form,

e - angle {Oj; =/(;),

mving the position of the moving axes in terms of the time. Let
P be the moving point, and PM perpendicular to 0{ (fig. 22).

Then, as the polar Coordinates of M are

(, e, we have, for its velocity,

i along 0{, {tf along MP

.

But these must be combined with the
velocity of P relative to M, which con-

sists of

17 along MP and jjtf parallel to {0.

Thus the velocities parallel to fixed

lines corresponding to the instantaneous
jwsitions of Of and Ot) are, respectively, ^'S- 22.

{ - Tjtf and -ij + ii

m the same way it is easy to see, by § 47, that the corresponding
components of the acceleration aro

i - £^' - ^^iv'i) and a -n6'
+ jji(e^)-

£tnemalics of a Bigid Plane Figure, displaced in its own
"
Plane.

§ 71. When a rigid plane figure is displaced anyhow in

[ts own plane, the displacement may always be regarded as

the result of a definite rotation about a definite axis per- Motion o>

pendicular to the plane. & pl*"^

The proof of this follows at once from the fact that, .^"^f ^
under the assigned conditions, the figure has only three

degrees of freedom ; and consequently its position is ,
determinate whenever the positions ot any iivo of its points

are given. Also, a single rotation can, in general, be found
which v.ill transfer these two points from one pair of

assigned positions to another.

Let A, B, A',B' (fig. 23) be successive positions of two
points of the figure. Bisect AA bv the line Ofi perpendii

B' B.b
Fig. 23. Fig. 24.

cular to it, and let 06 do the same for BB'. Let these

perpendiculars meet in O. Then it is clear that the two
triangles OAB, OA'B' are similar and equal Hence AB
may be regarded as having passed to the position A'B' by

rotation about an axis through O perpendicular to the

plare of the paper. The angle of rotation is AOA' or BOB'.
The construction fails when Oa and 05 coincide, but in

this case it is evident that the required point is the point

of intersection of BA and B'A' (fig. 24). It also fails when
the bisecting perpendiculars are parallel (fig. 25)* But-

then AA' and BB' are equal

and parallel, and the dis-

placement is a pure transla-

tion, the same for every

point of the plane figure,

which may be regarded as

an infinitely small rotation

about an infinitely distant

axis.

8 72

B

Fig. 25

Since any displacement iu one plane corresponds Com-

in general to a rotation, any two or more rotations about position

parallel axes can always be compounded into a single one.
°otatioiu

Of two equal and opposite rotations the resultant is simple ^bout

translation. This is evident from fig. 26. In both cases par«il«l

A and B are the initial posi- ^
*^'>'-

tions. A' and B' the final A , _B
positions of the two axes,

la the first we begin with

the rotation about A, in the

second with that about B.

§ 73. When these equal

rotations are simultaneous

instead of successive, the

figure becomes a rectangle;

i.e., the translation is per

B
Fig. 26.

pendicular to the line joining the axes. For in this case

we may suppose the two rotations to be each broken up

into successive equal but infinifesimal instalments. And
the principles of infinitesimals show that two such instal-

ments, either about the same or about different axes, pro-

duce the same ultimate effects whetherthey be applied simul-

taneously or successively. The general principle of which

this is a particular case is called the "principle of super-

position of small motions." It is merely an application of

the fact that infinitesimals of the second order may be

Leelected in comparison with those of the first order.
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Tho consideration of simultaneous rotations is veiy important.

Suppose a plane figure to rotate in iu own plane, with angular

Telocity 01, about the origin. Then it is obvious that ra, in a

direction perpendicuhir to r, is the. velocity of a point whose dis-

tance from the origin is r. The components are, therefore,

x=, - i/u, //-xa.

If the rotation he about the point a, b, these become

x= -(.!/- l)u, // = {x-a)u.

Hence, when there is any number of simultaneous rotations about

parallel axes, we have

If we writo Si = Xu

,

and a= '—
'•, e-~-';

we lave • l--{tj-e)Q, !/ = {x-a]n.

These are thn component velocities whicli the point x, y would

have if there were only a single rotation, with angular velocity it,

about an axis passing through the point a, 0.

When 2(w)-n = 0,

•we see that x-Z{bu), 2?--2(no)),

so that all points of the figure have equal velocities. This is tlie

case of pure translation. Here a and $ are (in general) each

infinite;

—

i.e., we have as resultant a vanishing angular velocity

about an infinitely uialant axis.

h.-iUn,: § 74. As any displacement of a plane figure in its own
«f cufvs plane is equivalent to a rotation, we may represent a series
»m curve,

ijf displacements by a series of rotations. Also if we
know the positions, in the figure itself, of the points which

are successively the axes, and likewise the position which

each of theni occupies in space at the instant when the

rotation about it takes place, we can construct the whole

motiorL Let them be O, A, B, C, &c., and O, a, b, c, &c.,

respectively (fig. 27). Then the figure turns about O till A
coincides with a. Nest it turns about

A (or a) till B coincides with 6, and

80 on. Hence the motion will -be

represented by the roUiny of the poly-

gon OABC, fixed in the moving figure, q
on the polygon Oobc fixed in the

plane of the motion.

In the limit, when the axis con-

tinuously shifts its position in the

figure while the rotation goes on round
it, the polygons become plane curves.

Thus we have the fundamental proposition that any motion
of a plane figure in its own plane can be represented by
the rolling of a curve attached to it, on a curve fixed

iu space. Both curves are situated at an infinite distance

wbea the motion is one of pure translation.

Kinematics of a Rigid Figw-e.

§ 75. When a spherical cap, or skin, moves on the surface
of a sphere of equal radius with which it is everywhere in

contact, we may make the construction of ij 71 with great
circles bisecting the arcs AA' and BB'. Two great circles

(unless they coincide) always intersect at the extremities
of one definite diameter. The case of coincidence is met
exactly as it was in § 7 1 . Hence every motion of a spherical
skin on a sphere is equivalent to a rotation about a definite
axis through the centre of the sphere. Thus any number
of successive or simultilneous rotations about axes passing
through one point can be compounded into a single rotation
about nn axis passing througli that point. And the con-
struction of § 74 can be carried out with spherical polygons
or curves, so that we see that any motion of a rigid figure,
one point of which is fixed, can be represented by the
rolling of a pyramid or cone, fixed in the figure, upon
another fixed in space.

§ 76. The law of composition of simultaneous angular
velocities about axes which pass through one point is pre-

Fi^. 27.

laplare-
eot of
here
out its

Dtre.

Fig. 28.

cisely the same as that for simultaneous linear velocities Com-i

of a moving point. The following simple geometrical pro- posittos

cess establishes the proposition for two intersecting axes ; . ..
•

and it is easy to see that it can be extended to any number about
of such. Let OA and OB (fig. 28) represent the two axes, axes

and let the lengths of these lines

(both drawn in the positive direction

fur the rotation about them) repre-

sent the angular velocities corre

sponding. Then a point P, in the

angle between the positive ends of

the axes, is raised above the plane n
of the paper by rotation about OA,
but depressed below it by the rota-

tion about OB. The amounts of the '-'

elevation and de[ires3ion are pro-

portional to the distance from either axis, and to the

angular velocity about it, conjointly. Hence they will

annihilate one another if, perpendiculars PM, PN being

drawn to the axes, we. have

OA.PJI = OB.PN.

This is equivalent to saying that {he areas of the triangles

OAP, OBP, are equal,—which necessitates that P should

lie on the diagonal of the parallelogram of which OA, OB
are conterminous sides. Let 00 be the diagonal of this

parallelogram. From what has been said above it is evi-

dent that the displacement of any point in the plane is

necessarily proportional to the algebraic sum of the moments
of OA and OB about it, and therefore (§ 46) to the

moment of OC. Hence all points in the lino 00 remain at

rest, and the figure turns about that line with an angular

velocity re_presented by its length. This analogy to

moments shows the reason for the remarkable proposition

that angular \^ocities, about axes which intersect, are to be

compounded according to the same law as linear velocities.

§ 77. Any proposition regarding simultaneous linear Anaiog;

velocities or accelerations has thus its counterpart in angular between i

velocities and accelerations. Thus, as we have seen (§ 36) ''"^^''

that under acceleration in one plane, always perpendicular to unguiar-

the direction of motion, a point moves with uniform velocity, veloci-

so, if a figure be rotating about one axis, and have angular ties,

acceleration about a second axis always perpendicular to

the first, the direction of the axis about which it rotates is

changed, but not the angular velocity.

It is to be noted that in such a case the direction of tha

axis changes not only in space, but also in the rotating

figure itself. This, however, is merely the result of § 36
in a, slightly altered form.

If a. be the angular velocity of a figure about the line which, foi

the moment, coincides with the axis of i, the conse^ueut displace-

ments during time U of a point x, y, z are (§ 73)

5x = - yufit , Sy = xu,U

.

Of course similar results hold for the angular velocities about line*

for the moment coinciding with the axes of x and of y. The joint

effect therefore is found by adding the various separate values

obtained by permuting tho letters x, y, z in cyclical order. Thus

!a: = (;ci>y- yuj)5/,
'

Syixuc-zaix)!!,

B" =- iyotx - xuf,)St.

The right hand members of these equations vanish if

— ^IL^^I-
Wx b>if IDs

These correspond to the two equations of the instantaneous axis,

and reproduce, in an analytical form, the result of § 76.

Tho angular velocity about this axis is

n-\/o>| + u^ + a?;.

For it is char that the direction cosines of tne aispiacement of
r, y, z arc proportional to

-"f ~ y*** I -rWf - 2ft»x , J/Wi — XQ!p

showing that it takes place in a line perpendicular to the plar'

(U-
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imssing through x,y,z and (1). It is therefore pcrpcuJiculai- to

•1).

Also the whole ilisplacemciit i3

'•JySxf + (iyf + (6:}- = 5^ V(.-<», - ya,f + [xu. - zu,f + {ya, - xu,Y

'tt^/ai-i 'a/'^
, / .. t t {Xa-t + yaig + !u,y

' 'V '
ui + wl + ul

The last factor is the distance of x, y, z fiom (1). Hence the

second is the angular velocity about (1).

U appears at once from this result, andfrom the form of (1), that

Rigid

figure

anyhow
dis-

placed.'

Aiigular

acvelcra-

tion

about a

iDoviug

ore the direction cosines of the instantaneous axis.

If the H<;ure be rotating simultaneously about n number of axes,

—say with angular velocity oij, about an axis whose direction

cosines are ij , Wi, n, , ic,—we have evidently

ux= 'i{lu), ai, = 2(!rtaj), Ws=2(iiw).

From these the single instantaneous axis is found immediately
as abuve.

§ 78. Any displacement whatever of a rigid figure may
be effected by means of a screw-motion, i.e., translation

parallel to some definite line, accompanied by a proportion-

ate rotation about that line. Let A. and A' be successive

positions of any point in the figure, and suppose the body

to be brought back by a mere translation so that A' coin-

cides again with A. Then we have seen (§ 75) that one

line of the figure through A is necessarily restored to its

original position. Let P beany plane section of the figure,

perpendicular to this line, P' its position after displacement.

These fully determine the initial and final positions of the

whole figure. Shift P into the plane of P' by a translation

perpendicular to either, and let P" be its position. P"
can (§ 71) be brought to coincide with P' by a rotation

in its own plane. Hence the proposition. There is an
exceptional case when P" requires only translation to make
it coincide with P'. But then the whole figure is merely

translated.

§ 79. We have seen that the straight line representing an
angular velocity is to be resolved by the same process as

that representing a linear velocity If we consider a figure

to be rotating about axes fixed relatively to it, accelerations

of angular velocity about these will be represented by
changes in the lengths of the lines representing the angular

velocities, and will therefore be subject to the same con-

ditions as the angular velocities themselves. Thus, as it

is obvious that a figure is rotating at any instant with the

same angular velocity about' an axis fixed relatively to

itself, and about another axis fixed m space, which at the

given instant coincides with the former, it follows that the

angular accelerations about these axes are equal at that

instant.

This is really the same proposition ns that r is the

velocity along a fixed line coinciding with the radius-vector

r (§ 47). But, just as f is not the complete acceleration

parallel to r, if r be rotating, so the proposition above,

though true for the first fluxion of the angular velocity

about a moving line, is not generally true for fluxions of

higher orders.

As this subject is commonly regarded as somewhat obscure, wo
may give a uiorc formal e.i:aniination of it by an analytical process.

Suppose a),, W.J, wj to be the angular velocities about rectangular
axes OA, OB, OC fixed relatively to a figure, and w the angular
velocity of the figure relatively to a line OS fixed in>spa(u. Let I,

m., n, be the direction cosines of the latter line with regard to the
former three, then

u = /wj -f- m«3 -H na>3

,

.ind u = Ivi + mwj -f 'IW3 + lui + mw^ -t- ixu^ .

But U-¥mm + nn = Q;

and if, at a particular instant, we havo l — l, m-0, n-0, this

Kives also 2 = , so that we have

w == wj -t- irtw3 + nttfj

.

Now m - cos BOS = cos 9 suppose, flcnco

m- -siu*.().

fixed in

soace

;

fljur»-

But, at the instant in question, fl-- JV and ff=iDj^

so that m = — v^.

In the same way we see that

and thus we have cii — o>,

,

which is the proposition above given.

§ 80. Tocompletetbekineraaticsof a rigid figure of which Positioo

one point is fixed, we require to have the means of calculat- °f "8^''

ing its position, after the lapse of any period during which j^^^."™ '°^

it has been rotating with given angular velocities about rotation

given axes. about

If the axes about which the angular velocities are given ""'^^

be fixed in spare, the formulie of § 77 give at once, for a.

unit line fixed in the figure, the expressions

/= nut^— muz ,

)('i = luz — na,

,

it = max - luf .

Here /, m, n are the direction cosines of the unit line at

time ( ; and they satisfy, of course, the condition

~li + miii +m = .

But, except in some special cases, these equations are in-

tractable. This, however, is of little consequence, because

in the applications to kinetics of a free rigid body the

physical equations usually give the angular velocities about

lines Jixed in the body. Our problem, then, takes the form-

§ 81. Given the angular velocities of afiijure about each 0/ fixed it

a system of three rectangular axes which are rigidly attached
^J^

to it, find at any time its position in space.

It is clear that, if we know the positions of the revolving

axes, referred to a fixed system, with which they at one

instant coincided, the corresponding position of the figure

is determined. The method usually employed is as follows.

About the common origin of the two sets of axes suppose

a sphere of unit radius to be described. Let X, Y, Z (fig.

29) be the traces on this sphere of the fixed axes, and

A, B, C those of the revolving

axes. Draw a great circle ZC
I
so as to meet in A' the quad-

rant BA produced. Then it is

clear that the figure can be

constructed {i.e., that the data

are suflScient for calculation)

if wo know (<i) the angle

XZC,—this we call i/r; (6) the

arc ZC, called 6 ;
(c) the angle

A'CA, or the arc A'A, called <^.

For X, Y, Z are given. Then Fi- 29.

(a) shows how to draw the great circle ZC, whose pole is

N on the great circle XY. Hence (5) gives us the points

C and A'. We can next draw the great circle A'N, and A
and B are found on it by (c), for A'A = NB =

<t>.
We have

now only to determine these angular coordinates in terras

of the angular velocities of the figure about OA, OB, OC,
which we denote by w^, 0)2, w^ respectively.

The velocity of C along ZC is $. But it is produced

by the rotations about A and B. Thus we have

6 = cDjCos + o), sin 1^

.

The velocity of C perpendicular to ZC is sin^. \^. This

also is part of the result of the rotations about A and B,

so that
sin 6. ^ " eoj sin - u, cos <p

.

The velocity of A along AB is that of A' together with

the rate of increase of A'A. Also it is entirely due to

rotation about OC. Hence

cos 9 . ^ -f ^ = W3

.

These three equations determine 0, ^, <^_when wj, ti>2, w,

are given as functions of t,^
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^82. The process above is essentially unsymmetricaL

The first suggestion of a symmetrical system is due to

Ealer, and depends upon the general proposition of § 75.

What we must seek is the single axis, and the angle of

rotation about it, which (by one operation) will bring the

system or figure from its initial state determined by X, Y, Z
ti> its state at time t, determined by A, B, C.

Let I, m, n be the direction cosines of this axis, bt the

angle of rotation about it. Then by the elementary

theorems of spherical trigonometry we find

COsXA= P +(1 - Z-') cosar,

COsYB = m'' + (l -7U-)C03ar,

COS ZC = n^ + (1 - n-) COS KT

.

Thus, as we have an independent relation among 1-, m", n^,

these quantities, as well as m, can all be expressed in terms

of the cosines of the three angles between the original and
final directions of the three axes severally,

VVe have other six equations, of which only one need be
writteu, viz. :

—
co3YA = ?m(l -coa:3') + 7isin w.

§ S3. If wo put

w=co3\-a, x=ls\airT
,
2/"=msiniw, z — nsinjw,

which involve the equation of condition

the nine direction cosines of the new positions Ok, OB, OC,
referred to the fixed lines OX, OY, OZ, become

v^ + x'-if-s', 2{wz-¥xy), 2{zz-wy),
2{yz-wz), v^-ifi + y^-z^, 2{yz + wx),

2{j:z + wy), 2{yz-wx), iif-ip-y^+z^.

These expressions, rational in terms of the four quanti-
ties w, X, y, z, are due to Rodrigues, who, however, gave
them in a slightly different form.

If»,, «uj, a?3 be the angular velocities about OA, OB, OC,
respectively, we have

2*= -Xa, -J/M2-JU3,
2x — Wui - Swj + J/aij,

2^— su, +Wai2-Xti!j,

2i = -yai +X<D2 +Wuj.

If <M>,, Uf, 01, be the angular velocities about OX, OY, OZ
respectively, we have

'

2u7— -XUz -yai,-Za,,

2i — TOuji + loiy - ya,,

2^— -IWj +Wa>y + Xu„
2i " ytut - xiny + wu,.

Each of theso sets is equivalent to three iadependent equations
only, OD account of the relation

ww+xx + yj+B-^a.

Kinematics of a Deformahle Figure. Strain.

§ 8-t. So far we have considered change of position of a
figure of invariable form. We must now consider changes
of form and volume in the figure itself. This is required for
application to physical problems, such as compression of a
liquid or gas, the distortion of a piece of india-rubber, &c.
Any such change of volume or form is called a "strain."
The treatment of strains is entirely a kinematical question,
until we come to regard them as produced in physical
bodies, and consider their cause.

_
The system of forces which is said to produce a strain

13 called a " stress." But, just as we study velocity as a
sreparation for the discussion of the effect of force on a
free body, bo we study strains as a preparation for the
discussion of the effects of stress.

§ 85. In order to fix the ideas, it is convenient to suppose
the figure which is to undergo strain to be cut up into an
intinito number of similar, equal, and similarly situated
parellolepipeda. This is effected at once by supposing it to
be cut by three series of planes, those of each series being

parallel to one another, and equidistant. No two of theaa
tbree series must be parallel, but the distance from plane to
plane need not be the same in any two of the series. If
the strain be continuous there will ba no finite difference

of effect upon any two neighbouring parallelepipeds ;—but
in general their edges, which originally formed three series

of parallel straight lines, will become series of curves.

No two parallelepipeds of the system will in general be
altered in precisely the same mauuer. This is called
" heterogeneous strain."

§ 86. We found it convenient to study uniform speed
before proceeding to cousider variable speed, and so wc
find it convenient to take up first what is called

Homogeneous Strain.—A figure is said to be homo-
geneously strained when all parts of it originally equal,

similar, and similarly situated remain equal, similar, and
similarly situated, however much they may individually

have been altered in form, volume, and position.

Now recur to our sot of parallelepipeds. After a
homogeneous strain these remain equal, similar, and
similarly situated. Hence they must remain parallelepipeds,

for they must together still continuously make up the

volume of the altered figure. Thus planes remain planes,

and straight liqes remain straight lines. Equal parallel

straight lines rem'ain equal and parallel Parallel planes

remain parallel, ellipses remain ellipses (as is obvious from
their properties relative to conjugate diameters), ellipsoids

remain ellipsoids, &c.

But we can now easily see how many conditions fully

determine a homogeneous strain. For if we know £ow
each of three conterminous edges of any one of the original

parallelepipeds is altered in length and direction, we can
build up the whole altered system. Hence, to fully require

describe a homogeneous strain, we require merely to'know gtants.***
what changes take place in the lengths and directions of

three unit lines not in one plane. Three numbers are

required for the~ altered lengths, and two (analogous, say,

to altitude and azimuth, or latitude and longitude, or E.A.
and N.P.D.) for each of the altered directions. Hence, in

general, a homogeneous strain depends apon, and is fully

characterized by, nine independent numbers.

§ 87. The simplest form of strain is that which is duo Unifona

to uniform hydrostatic stress acting on a homogeneous dilat»-

isotropic body. Here directions remain unaltered, and ^"^

the lengths of all lines are altered in the same ratio.

Every portion of the original figure remains similar to

itself, its linear, superficial, and volume dimensions being

altered as the first, second, and third powers of that ratio.

Next in order of simplicity is the case in which there Pure

are three directions, at right angles to one another, which strain,

suffer no change except aa regards length. This state of

things would be produced in a homogeneous isotropic

body by three longitudinal extensions or compressions

in lines at right angles to one another, or by hydrostatic

pressure in a homogeneous non-isotropic solid. In this

case, if the changes of length above spoken of are all

different, an originally spherical figure becomes an ellipsoid,

with three unequal axes parallel respectively to the lines

whose directions remain unaltered. Every line in the body
not originally parallel to one of these is altered in direc-

tion- If one of the principal changes of length be an
extension, and another a shortening, there will bo a cone
formed of lines which are not altered in length. This is

seen at once by describing from the centre of the ellipsoid

a sphere equal to the original sphere. One axis of the

ellipsoid bting greater than the radius of the sphere, and
another less, the ellipsoid and sphere must intersect ; and
all lines drawn from the common centre to the curve of

intersection are unaltered in length (though all altered, as

before remarked, in direction).
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When two only of tlie changes of length are equal, the

ellipsoid becomes one of rotation, oblate or prolate as the

case may be; and if the radius of the sphere be inter-

mediate in value to the axes of this rotation-ellipsoid, we

have a right cone of rays unaltered in length.

When all three changes of length are equal we have the

simplest possible case,—which has been already treated.

§ 88. The essential element in these particular cases is

that three lines at right angles to one another are unaltered

in direction by the strain. Here there is a mere change

of form, and the strain is said to be " pure," or " free from

rotation." Such a strain, in its most general form, is fully

characterised by six independent numbers. For a system

of three mutually perpendicular lines is fully given in

direction by three numbers, and three more are required

for the changes of length which they severally undergo.

But, in general, a strain is not pure. It will be shown,

however, below that the principal axes of the ellipsoid into

which a sphere is changed by any strain, and which is

called the " strain ellipsoid," were originally radii of the

sphere at right angles to one another. Hence the strain

may be looked upon as made up of two operations, viz., a

pure strain, and a rotation through a definite angle about

an axis in a definite position in space. The axes of the

pure strain are lines fixed in the figure.

§ 89. It is useful, in farther considering the subject, to

introduce along with the original strain (thus analysed),

another which is called its " conjugate." This is defined as

composed of an equal pure strain with the first with an

equal but opposite rotation. And the separate component
operations must be taken in the opposite order in the strain

and in its conjugate.

The successive application of the strain and its conjugate

thus necessarily leads to the reduplication (or squaring)

of the pure part of the strain, and to the annihilation

of the rotation. For, call the parts, as operators, P and
R. The strain and its conjugate, referred to axes fixed in

space, may be either

RPandPR-»

or PiR.indR-iPi,

according as the pure strain or the rotation is first applied.

The operations in each group are written, from right to

left, in the order in which they are performed. Thus EP
means the pure strain P, followed by the rotation R.

§ yO. The final results are P- and P;. In the first case

we have the pure strain, followed by the rotation ; then

(by the conjugate) the rotation is undone, and the pure

ftraiu reapplied. In the second we rotate first, then apply

the pure strain twice, and finally undo the rotation. Thus
the student must be cautioned against the error of sup-

posing that the results of applying PR and RP separately

are generally the same. Perhaps it will be easier for the

reader to consider the " reciprocal," instead of the con-

jugate, of a strain. For if the strain be RP, the reciprocal

13 obviously P'^R"'; if it be PR, the reciprocal is

R"iP"'. Either pair of these, taken in either order,

restores the figure to its primitive form. The one point

to be noticed is that, in whatever order the direct com-
ponent operations are supposed to occur in the strain, their

reciprocals must be taken in the opposite order in the

reciprocal strain. The reciprocal strain simply undoes the

strain, and therefore differs from the conjugate by a factor,

the square of the pure part of the strain.

From this we have at once, as will be seen later, the

means of decomposing a given strain into its pure and its

rotational factors. This is effected as soon as we can form
the expression for the conjugate strain in terras of that for

the strain itself.

§ 91. As, in general, any strain converts a spherical

portion of a figure into an ellipsoid, and as an ellipsoid has
two series of parallel circular sections, it appears that in'

every strain there are two series of planes of no distortion.^

The consideration of these planes leads us to a second and
very ditierent mode of analysing a strain into simpler

components. Perhaps the most elementary mode of con-

sidering _this subject is by thinking of the motion of water
flowing slowly down a uniform channel. We know that

water, at ordinary pressures, is practically incompressible

;

also that the upper layers of the water in a canal flow faster

^han those below them. Hence the definition of a " simple

shear."' Let one plane of a figure be fixed, and let the

various planes parallel to it slide over it and over one
another, all in the same direction, and with velocities pro-

portional to their distances from the fixed plane. 'It is

clear that this shear produces homogeneous strain in the

figure, but it is mere change ot form without change of

volume. The fixed plane and all those parallel to it, are

planes of no distortion. But we have seen that there

must be two sets of such planes. To find the second set,

let us suppose the plane of fig. 30 to be parallel to the

common direction of sliding, M P Q. a'

/

A 8

Fig. 30.

Join AP, take AB = AP, and draw BQ

and perpendicular to the fixed

plane. This plane, so defined,

is the plane of the shear. Let

AB be the trace on it of the

fixed plane, PQ that of one

of the sliding planes, PP' tho

amount of its sliding. Bisect

PP' in M by a perpendicular,

meeting AB in A.

parallel to AP. Consider the strain of the rhomboidal

portion APQB of the figure. P moves to P', and Q to Q',

where QQ' = PP'. Hence the rhombus remains a rhombus,

for AP' = AP = AB. But the lengths of its diagonals have

been interchanged. It has been subjected to an elongation

of AQ, and a coutractiou of BP, each in the same ratio (so

that their product, i.e., double the area of the rhombus,

remains unaltered), while all lines perpendicular to the

plane of the figure remain unaltered. From the symmetry

of the rhombus it is obvious that AQ' and BP' are the

greatest and least axes of the strain ellipsoid, while AB
and AF are parallel to its circular sections. Planes

originally parallel to AP and perpendicular to the paper

are therefore the second set of planes of no distortion.

The rotational part of the shear may be measured in

terms of the angle PAM, but is given directly by PBP',

and its axis is perpendicular to the plane of the figure.

The most convenient measure of the shear is the ratio of

PP' to AM, or, what involves the same, the angle PAP'.

Another mode of measuring it is by means of the ratio

BP/AQ, = 1 -Fe, suppose. If e be a small quantity, as is

usually the case with solids, we may write 1 ± e for the

measure of the shear. , Here e indicates the extension per

unit of length along one diagonal of the rhombus, and the

contraction per unit of length along the other.

§92. It is quite clear from what has been said that

we can analyse a strain by the help of simple shears com-

pounded with different forms of pure strain. For the

shears may be taken in an infinite number of ways so as-

to produce the rotational part of the given strain, while alsa

producing deformation without change of volume. The

final adjustment is to be made by a pure strain, whose axes

are those of the strain ellip.wid due to the shears.' .
As a

shear depends on four quautities only, two shears and a

dilatation furnish the nine constants required for a homo-

geneous strain,

> We here exclude spheres and ellipsuids of rotation. The latter have

only one series of circular sections, the former an infinite numher.
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Com- Tbe successive application of two pure strains does not,

position except in special cases, give rise to a pure strain. This

is, physically, a most important proposition. Thus, for

- instance, the instantaneous strains of each element of a

perfect fluid in which there is no vortex motion are pure
;

and yet, if the element be followed in its motion, it will

be found in general to rotate. Its motioTi ia said to be

"differentially irrotational."

To prove this proposition by the help of a particular

case is simple enough. Take, for instance, a compression

in one direction, followed by an equal extension in a

different direction. Only when these directions are at

right angles to one another is the resultant strain pure

. § 93. The analytical theory of strains is, at least in its

elements, an immediate application of the properties of

determinants, usually of the third order. We subjoin a

elight sketch of it,

We have seen that it is only necessary, for the full characterizing

of a strain, that we should know what becomes of three unit lines

not originally coplanar. Take these parallel to the axes (generally

oblique) of X, y, s. Then if the x unit becomes aline which is the

diagonal of a parallelepiped with sides n, d, g parallel to the axes,

y similarly that of b, e, h, and s of c, /, i, we see at once that the

coordinates of the point originally at x, y, z become

x'~ax + ly + cz i

}/=dx+ey+fzi (A).

z^-=gx + hy + iz )

Here it is ohvious, from the premises, that the nine quantities

o, A, c ; <i, c, /; J, *, » ar« kll real, and altogether independent,

at least so far as kinematics is concern cil.' To obtain an idea of

their nature from another point of view, let us suppose the axes to be
rectangular. Let unit parallel to z become c,, in the direction

given by the cosines i„ nt,, «,. Similarly, let Cj, l^, ct», n^ beloiig

to a unit originally parallel to y, and aj, ^3, m3, n, to a unit parallel

to z. Then the broken line z, y, z becomes x', y', ^, where

I/'
= c,m,s: + CjiHjT/ + e-^riij:

|
. . . . (A').

Though we have introduced three numbers e along with nine
direction cosines, no greater generality is secured, for theiB are

three necessary relations, one among each set of cosines.

To find the characteristic property of a pure strain, let us take
it in its most general form. Thus let /„ m„ «, nov) denote a line

v.hicb, without change of direction, has its length altered by the
strain in the ratio c, : 1. Let l^, m^, n^, «j and ^3, m„ n^, e^ be
similar data for the other two of the system of rectangular axes of

the pure strain. Then to these axes the coordinates of z, y, z are

4-/,z + m,i/+ni5,

7) - ?jZ + m^y + JijS

,

(-l;iX + m^y + 7t^z,

The strain converts { into {' = «,{, tj into »)' = «»'). &"<! C into f =£3^.
Hence the 6nal coordinates (to the original axes) of the point
originally at z, y, z are

x'-l,^ +l,n' +I3C,

y'-m^i' + m^ri' + vi^^,

or, in tenu* of x, y, 1,

z*- (<;,Zf + eJl + eJl)x + («i7im, + e^l^m^ + ejiantj^y

+ (Ci^ni + 'j?2nj + 63'3n3)s

y'-ie^m^l^ + e^in^l^ + e^vi^l,)x + {cim\ + c„m\ + e-^m^^y

+ («,i)ij7i, + e,^m„n^ + e^m^n-^)z

z' - (c,Ki?, + M3?j + einj,)x + (c,ni))«, +«,«,«, +«jn,m3)^

If we compare this with the general expression above given for a
strain, wo see that the coefficient of ;/ in the value of z* is eijual to

that of x in the value of j/. Similarly that of s in *' Is equal to

that of z in s* ; and that of : in j/ is equal to that of ^ in s* ; or
fmally

b-'d, c — g, /— h

.

' But when strain is produced in a piece of mailer, a limitation

comes in. For, to take the simplest case, the strain

x- -X, y' - -y, /- -z
implies that the figure to which it is ajti'lied has been " per\'erted,"—
i.t., changed into its image as seen in a plane mirror.

(B).

Conversely, when these three conditions are satisfiM, and not Pui*
otherwise, the strain is pure. It is to be observed that {, tj, f form strain

a rectangular system, and thus the nine direction cosines (usually depend
involving six arbitrary numbers) depend here on three numbers on rix

alone. Thus there are six independent numbere, corresponding to condi-

a, e, i, b, c, f, in the general expression for the strain. tiona.

It is clear, from the elements of coordinate geometry, that the Changed
detonninaut voloms

n. b c by itnla

d e /

g h i

represents the ratio in which the volume is increased by the strain.'

Let us now iutroduce, in succession to the strain

a b

the connected strain

(1).

ai

CoDJa-
gate

Btrainv

c J X

hioh obviously produces an equal change of volume with the
forn^r.

Applying these strains in succession, i\e hav« as the final result

a:" = ax' + dij + j;',

y — 6z' + cy' + /k',

5"=cz'+/y'+jV,

or, suhstituting for z', y', J their values in terms of z, y, z,

z"= (a- + (P + g")x +{ab + de + gh)y + (m + df+gi)z

,

y"= {ha + co! + hri)x + iffl + c» + h?)y + (6c +c/ + U)z

,

:" = {ca +/d + ig)x + [cb +/e + ih)y + (c' +/ = + i?)z

.

Thus the resultant strain is

a? + d'' + n- ab + de + gh

bn + cd + hg b'+ e-+ JC

ca +/d + ig cb +/e + ih

which, for simplicity, we will wrilaas

ac+ df -i-gi

bc-\- ef + As

(2).

/3

a

d

a-

' ft will be observed that this group of niir^ numbers, if treated

as a determinant, constitutes tha product of the determinants
formed of the two systems above.

This satisfies tlie criterion of a " pure strain," as given above j

and we thus see that in the successive application of the strains ^

be a d g

e f and b e h

g h i c / i

the rotation produced by the first is annihilated by the second.

Let A, B, C, &c., be the minors of

a b

d c

g h

corresponding to a, 0, e, ic.

Then by our original equations we havo

Az-Az' + Di/' + Gs',

A;/-Bz' + Ey + Hj'.

A== Cx'+F;/' + Is'.

Thus the reciprocal of the strain

a i c A/A D/A G/a

d e / is B/A E/A H/A

g h i C/A F/A I/A.

This is evident from the formulte just written. For they express

that tte new strain converts z', 1/, z' into z, y, i.

Apply the resultant strain in succession to this reciprocal. The

result is easily foreseen from separate terms like thi: following :

—

A(a» + (P + 3') + B(oi + rfc + 3A) + C((ic + rf/+ sO
-a(Aa + B4 + Cc) + rf(A(i + Be + C/') + j(A.7+BA + Ci)

— rtA ; kc.

ReciptT-

cal of

sttaia

' WTien this strain is produced in a piece of malUr, the numeric*!

value of the determinaul obviously cannot be ntgativi.
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Hence wlien we apply (2) fo a figure previously strained ty the

.4M[«ocal of (l)'tlie result is the strain (1'). Hence we verify

that the latter is the conjugate of (1) ; as it possesses the properties

described in § 90, all of which are thus established.

To analyse a strain in the »implest manner, ire ninst find the axes
of the strain ellipsoid (§ 88), as well as the original radii of the
unit sphere whicn were distorted into them. It is more direct,

however, to consider the ellipsoid which becomes a unit sphere in

ejnsequcucc of the strain. The equation of that ellipsoid is

or, with the notation employed in (2) above,

ax' + ty^ + iz^ + 2S:ry + 2$!/z + 2yzX'=l.

But the square of any radius-vector is

x' + y^ + z'= r', suppose.

The maximum radius-vector, therefore, of the ellipsoid is found
from the two equations

(aX+Sy+yz)dx + {ix + <y + Pz)dy + {yx + $y + iz)dx=0,

xdx + ydy + zdz--0.

Bcnce, p heing a numerical quantity to be found,

ax + Sy + y:-=px,

ix + ey + $z=py, , (4).

yx + fiy+ iz^pz.

Multiply respectively by x, y, s, add, and tate account of the
tiro preceding undiCTerentiated equations. TVe thus have

er p is the reciprocal of the square .of the maximmn semi-axis
required.

But, if we eliminate x, y, and 2 simultaneously from the preceding
linear equations, jre have

= 0.

a-p
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jAdtrnU
of the

coQse-

qa«nt

similarly for the othct relative coordinates. Hence the strain in

the immediate vicinity of the point x, y, z is given by

di'
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feaueel-

tar ceil.

the whole constrained to move in one plane, it is easy to

Bee that the complete path of any point R of PQ is a

Bpecies of figure p
Df eight. A por-

tion of that curve

on each side of a

point of inflexion

(where the cur-

vature vanishes) c^ ^
/ \ "^ j q>

was found to

.be sufficiently

straight for prac-

tical purposes.

But the rigor- ^'S- 31-

ous solution of this problem has only been arrived at in

recent times ; and the beautiful device of Peaucellier,

rhich we will briefly explain, has led to a host of remark-

able investigations and discoveries in a field regarded till

lately as perfectly hopeless. A simple mode of arriving at

Peaucellier's result is as follows.

Let PQ, PR (fig. 32) be equal links, and PO a link of a

different length, all jointed together at P. Suppose O to

be fixed, and Q and R constrained to move in a fixed

straight line OQR, what is the relation between OQ and
0R1 We have, if PS be perpendicular to QE,

Itofinl-

tlcm of

fbysical

fsrticle.

whence

op==os=+sp^
QP==QSHSP»;

0F-QP==0S2-QS= = 0Q.0R.

OR is constant ; so

Fis. 32.

Thus the rectangle under OQ and
that, if R were to describe

a straight line, Q would
describe a circle having O
on its circumference. In
practical application, to

keep O, Q, R in one line,

the parts of the link-work

are doubled symmetrically

about that line, so that it takes the form of a jointed

rhombus PQP'R (fig. 33) with two equal Unks, PO, OP'
attached at the extremities p •

of a diagonal. As a very

curious result of' this ar-

rangement, if OQ have its 0<;^ Q<^ >r
length changed by any very

small amount, the corre-

sponding change of length P'

of OR is directly as 0R2 Fij. 33.

or inversely as OQ^. Hence, as will be seen later, a con-

stant force (towards or from O) acting at Q will be balanced

by a force (from or towards O) acting at R and varying

inversely as the square of OR.

DYNAMICS.

definitions and General Considerations.

§ 96. We commence with a few necessary definitions. A
"physical particle " is a purely abstract conception, embody-
ing together the ideas of inertia and of a geometrical point.

It is, so to speak, a mathematical fiction, embracing only

those properties which are required for our temporary
purpose. Any mass, however large, can be treated as a

particle, provided the forces to which it is subject, are

exerted in lines passing through its "centre of inertia"

»r " centre of mass " (this term will presently be defined),

|o as to bo incapable of setting the mass into rotation.

J'liis is, to a first approximation, true of planetary motions,

hut when we look more closely into that question, so as

V)r instance to take account of the oblate forms of the

MonieD
turn.

Change c

inomeo<

tum.

planc*s, we have to deal with forces which produce rotatory

elTects, such as "precession" and "nutation."

§97. The "quantity of matter" in a body, or the

" mass," is proportional to the " volume" and the " density"

conjointly. The "density" may therefore be defined as

the quantity of matter in unit volume.

If M be the mass, p the density, and V the volume of

a homogeneous body, we have at once

provided we so take our units that unit of mass is the

mass of unit volume of a body of unit density. Hence
the dimensions of p are [ML'^].

-As will be presently explained, the most convenient unit

mass is an imperial pound, or a gramme, of matter.

§ 98. The " quantity of motion," or the " momentum,"
of a moving body is proportional to its mass and velocity

conjointly. As already stated this is, like velocity, a

directed quantity, or " vector." Its dimensions are, of

course, [MLT"'].

§ 99. " Change of quantity of motion," or " change of

momentum," is proportional to the mass moving and the

change of its velocity conjointly.

Change of velocity is to be understood in the general

sense of § 32. Thus, with the notation of that section,

if a velocity represented by OA be changed to another

represented by OB, the change of velocity is represented

in magnitude and direction by AB.

§ 100. " Rate of change of momentum," or " acceleration

of momentum," is proportional to the mass moving and

the acceleration of its velocity conjointly. Thus (§ 36)

the acceleration of momentum of a particle moving in a

curve is Ms along the tangent, and Mtr/p in the radius

of absolute curvature. The dimensions of this Tjnantity

are [MLT-=].

§ 101. The "vis viva," or "kinetic energy," of a moving

body is proportional to the mass and the square of the

speed conjointly. If we adopt the same units of mass

and velocity as above, there is particular advantage in

defining kinetic energy as half the product of the mass into

the square of its speed. Its dimensions are [ML'T""].

§ 102. " Rate of change of kinetic energy," thus defined,

is the product of the speed into the component of accelera-

tion of momentum in the direction of motion.

For

The dimensions are [ML-T"'].

§ 103. The "space-rate of change of kinetic energy" is Space-

ds\ 2 J ds dt of it.

and its dimensions are [MLT'-J, the same as those of

"force "(§104).

§ 104. " Force," as we have already seen, Is any canse Force,

which alters a body's natural state of rest, or of uniform
motion in a straight line.

The three elements specifying a force, or the three

elements which must be known before a clear notion of

the force under consideration can be formed, are—its place

of application, its direction, and its magnitude. The place

of application may be a surface, as when one body presses

on another; or it may be throughout the whole mass of a
body, as in the case of the earth's attraction for it.

The " measure of a force" is the rate at which it produces

momentum, or the momentum which it produces in unit

of time, which is the same as what we have already called
" rate of change of momentum." According to this method
of measurement the standard or unit force is that force

trhich, acting on the unit of matter during the unit of

Rate of
change i

momen-
tum.

Kinetic

energy.

Rate of

change

of it

t
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lott

orce.

British

iystem.

iime, generates the loih of velocity.' The dimensions of

force are Uierefore [MLT"-].

(Iwolnl^) § 105. Hence tiie British absolute unit force is the force

which, acting on one pi>unfl of matter for one second,

generates a velocity of one foot per second.

[According to the system followed till lately in treatises

on dynamics, tlie unit of mass is g times the mass of tiie

standard weight, g being the numerical value of the

acceleration produced (in some particular locality) by the

earth's attraction. This definition, giving a varying unit

of mass, is exceedingly inconvenient. In reality, standards

of weight are masacs, not forces. They are employed

primarily for the purpose of measuring out a dehnite

quaiitili/ of matter, not an anumnt of matter which shall

be attracted by the earth"with a given force.]

§ lOG. To render our standard intelligible, all that has

to be done is to find how many absolute units will produce,

in any particular locality, the same effect as does gravity.

The way to do this is to measure the eflect of gravity

in producing acceleration on a body unresisted in any

way. The mast accurate method is indirect, by means

of the pendulum. The result of pendulum experiments

made at Leith Fort, by Captain Kater, is that the velocity

acquired by a body falling unresisted for one second is

at that place 32'207 feet per second. The variation in

gravity for one degree of difference of latitude about the

latitude of Leith is only -0000832 its own amount. The
average value for the whole of Great Britain differs but

little from 32 2 ; that is, the attraction of gravity on a

pound of matter in the country is 32'2 times the force

which, acting on a pound for a second, would generate a
velocity of one foot per second. Thus, speaking very

roughly, the British absolute unit of force is equal to

the weight of about half an ounce. The quantity of

32'2 feet per second per second is usually called g. Its

dimensions are obviously [LT"°].. And, if JI bo the mass
of a body, its weight is yig. In the Centitnelre-Gramme-

Second system of units, the absolute unit of force pro-

duces in one second, in a mass of one gramme, a velocity

of one etntiraetre per second.

pre- § 107. Forces (since they involve only direction and
lUticn magnitude) may be represented, as velocities are, by
loice.

vectors, that is, by straight lines drawn in their direc-

tions, and of lengths proportional to their magnitudes
respectively.

Also the laws of composition and resolution of any
number of forces acting at the same point are, as we shall

presently show (§ 117), the same as those which we have
already proved to hold for velocities ; so that, with the

substitution of force for velocity, § 30 is still true.

§ 108. The <' component" of a force in any direction is

leuta .therefore found by multiplying the magnitude of the force
Wit.

jjy jjjg (jysj^g of j[,g angle between the directions of ti.j

force and the component. The remaining component iu

this case is perpendicular to the other.

It is very generally convenient to resolve forces into

components parallel to three lines at right angles to ear-h

other, each such resolution being effected by multiplying
by the cosine of the angle concerned.

The magnitude of the resultant of two or of three forces

In directions at right angles to each other is the square
root of the sum of their squares.

§ 109. The "centre of inertia or mass" of any system
of material particles whatever (whether rigidly connected
with one another, or connected in any way, or quite
detached) is a point whose distance from any jilane is

equal to the sum of the products of each mass into its

distance from the same plane, divided by the sum of the
masses.

J'lie distaui.^ from the plane yz of the centre of inertU

G S.
atem.

of masses ?»,, niy, ic, whose distances from the plane are
x^, x.^, itc, is therefore

and similarly for the other coordinates.

Hcuce its distance from the plane

IS u - \x + nij + vr ~

as statej above.

-)}

dt
'

2(m8)

Aud its velocity perpendicular to that plane is

di . dy ^ dz\\ ^V'Tt)
2ii) I \ ^Ti+'^dt

dz\ 1 'V

from wliichj by multiplying by Xm, and noting that 5 is the dis-

tance of X, y, 2 from 5 = 0, we .see that the sum of the momenta of
the parts of the system in any direction is equal to the momentum
iu that direction of the whole mass collected at the centre of mass.

The problem of finding the centre of inertia of any given

distribution of matter is a question of mere mathematics.

We must confine ourselves to a few examples only. And,
first, we may note that when a body is symmetrical about
a plane the centre of inertia must obviously lie in that

plane. Thus, as an ellipsoid and a rectangular parallele-

piped have each three planes of symmetry, their centres of

inertia lie at their centres of figure, where these planes

meet. Again, it is obvious that, if a body can be divided

into parts the centres of inertia of which lie on a straight

line, the centre of inertia of the whole is in that line.

Thus, as a triangular plate may be divided into strips

parallel to one side, every one of which has its centre of

inertia at its middle point, the centre of inertia of such a

plate is the point of intersection of the bisectors of the sides.

Its distance from any one side, treated as base, is therefore

one-third of the height. Again, if a triangular pyramid

(or tetrahedron) be divided into triangular shces by planes

parallel to one face treated as base, the centres of inertia

of all the slices lie in a straight line. Hence the distance

of the centre of inertia from the' base is one-fourth of the

height. If the base be of any other form, it may be divided

into triangles, and thus the whole pyramid (or cone) into

tetrahedra, for each of which the same property hold.s.

Hence the centre of iaertia of a pyramid divides the line

joining the vertex to the centre of inertia of the base in the

ratio 3 : 1. All this is on the supposition that the solids

treated of are of uniform density. When we deal either

with more complex forms or with heterogeneous bodies, ws
must in general have recourse to integration.

For a continuous body we must take au element of mass, say

I
p5x5.v5;, at the point x, ?/, s instead of the mass m in our original

formula. Tlie sums theu become integrals, and we have three

expressions of the form

ffj'pxdxdydz

ffffdxdydz

Here o represents the density at x, y. : : and the integration

extends through tlie whole volume of the Ixidy.

Thus, for a homogeneous hemisphere of radius o vr have, taking

the base as the plane of .?<;,

I- - 3r)xdx/*
3^

*
Snw""

" 8

Tlie same value would bo obtained for any semiellipsoid, whatevei

be the dianutral section, provided a be the height measured per-

pendicular to tho base ; aud, in general, from the position of tho

centre of inertia of any body we may at once find that of the same

body homogeneously strained.

Recurring to the hemisphere, suppose its density to be at every

point proportional to tlie distance from the centre. Then we have,

omitting ^omnn-a constant factors of numerator and denominator

/•a /-VS^^^
,

t- -^ —r-=
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A nniform hemispheiical shell gives

by the well-known result due to Archimedes. From this, by
taking concentric hemispherical elements, we may reproduce the

preceding result for a solid hemisphere in the form

iirx'dx .x.ix

/•Sirx-rfx- . X
3

mentum.

Here the first factor under e^cn integral sign is the volume of the

hemispherical element of radius x, and the second is proportional

to its density.

If the density of a thin uniioi-m spnencal shell be everywhere
proportional to the inverse cube of the distance from an internal

point, that point is the centre of inertia. For, if a double cone of

small angle be drawn, having that point as vertex, the volumes of

the portions of the shell which it cuts out are as the squares of

their distances from the vertex. Hence their masses are inversely

as their distances from the vertex, whicii is thus their centre of

inertia. The whole shell may be divided into pairs of elements
for each of which this is true.

The reader may easily prove that, if the aensity of a solid sphere
be inversely as the fifth power of the distance from an external
point, the "electric image" of that point is tlie centre of inertia.

It may be proved in the last two examples that this point is

not merely the centre of inertia of such distributions of matter,

but that it is also a true " centre of gravity " in the sense that the
whole attracts, and is attracted by, any other body whatever, as if

its whole mass were concentrated in this point.

Moment § 110. By introducing in the definition of moment of
of mo- velocity (§ 46) the mass of the moving particle as a
""" ""

factor, we have an important element of dynamical science,

the "moment of momentum." The laws of composition

and resolution are the same as those already explained.

Its dimensions are [ML"T"'].

§ 111. A force is said to " do work " if it moves the body
to which it is applied ; and the work done is measured by
the resistance overcome, and the space through which it

is overcome, conjointly. The dimensions of work are

therefore [MLT"^L] or [ML"!""], the same as those of

kinetic energy.

Thus, in lifting coals from a pit, the amount of work
dons is proportional to the weight of the coals lifted

;

that is, to the force overcome in raising them ; and also to

the height through which they are raised. The unit for

the measurement of work, adopted in practice by British

fengineers, is that required to overcome the weight of a pound
through the height of a foot, and is called a "foot-pound."

In purely scientific measurements, the unit of work is

not the foot-pound, but the absolute unit force (§ 105)
acting through unit of length.

If the weight be raised obliquely, as, for instance, along

a smooth inclined plane, the distance through which the

force has to be overcome is increased in the ratio of the

length to the height of the plane ; but the force to be

overcome is not the whole weight, but only the resolved

part of the weight parallel to the plane ; and this is less

than the weight in the ratio of the height of the ^jlane to

its length. By multiplying these two expressions together,

we find, as we might expect, that the amount of work
required is unchanged by the substitution of the oblique

for the vertical path.

Generally, if s be an arc of the path of a particle, S the tangential
component of the applied forces, the work done on the particle

between any two points of its path is

fSds,

taken between limits coiTesponding to the initial and final positions.

Referred to rectangular coordinates, it is easy to see, by the law
of resolution of forces, § 117, that this becomes

where' X is the component force parallel to the axis of 2.

§112. Thus it appears tha't, for any force, the work done

during an indefinitely small displacement of the point of
application is the product of the resolved part of the force

in the direction of the displacement into the displacement.

From this it follows that, if the motion of a body be
always perpendicular to the direction in which a force

acts ou it, the force does no work. Thus the mutual normal
pressure between a fixed and a moving body, the tension

of the cord to which a pendulum bob is attached, the

attraction of the sun on a planet if the planet describe a
circle with the sun in the centre, are all cases in wliich no
work is done by the force.

In fact the geometrical condition that the resultant of X, Y, Z
shall be perpendicular to lis is

X — .^-v'bL^ Z-.
' ds ' ds ds

0.

and this makes the above expression for the work vanish.

§ 1 13. Work done on a body by a force is always shown
by a corresponding increase of kinetic energy, if no other

forces act on the body which can do work or have work
done against them. If work be done against any forces,

the increase of kinetic energy is less than in the former

case by the amount of work so done. In virtue of this,

however, the body possesses an equivalent in the form
of " potential energy," if its physical conditions are such

that these forces will act equally, and in the same direc-

tions, when the motion of the system is reversed. Thus
there may be- no change of kinetic energy produced, and
the work done may be wholly stored up as potential energy.

Thus a weight requires work to raise it to a height, a

spring requires work to bend it, air requires work to com-

press it, (tc; but a raised weight, a bent spring, compressed

air, (tc, are stores of energy which can be made use of at

pleasure.

As an illustration of the calculation of work, take the

following question.

Suppose one end of an elastic string to be attached to a

mass resting on the ground, what amount of work must be

done, in raising the other end vertically, before the mass
is lifted?

If X be at any instant the length of the string, I its

original length, its tension is

Hence the value of x, when the mass is just lifted, is

!)•x,^ll^l +

where W is the weight of the mass.

The whole work done is the 'sum of all the elementary

instalments of the form

E— rfr.

These must be summed up from x = l to x = x^, 60 that

the result required is

It is to be observed that this quantity becomes less in

proportion as E is greater, i.e., the less extensible is the

string.

An interesting variation of the question consists in supposing

the upper end of the string to be attached to the rim of a wheel,

rough enough to prevent slipping. Here the various portions of

the string are wound on in a more and more stretched state as the

operation proceeds.

At any stage of the operation let x be the nnstretched length of

the part already wound on the wheel. The tension of the free part

is then

During the next elementary step of the proce.ss a portion ttz il

wonnd on. But its stretched length is

Idx

l-x'
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Hence the ekmeiit of work is

This must bo integrated between the limits and W of

l-x

•r Uoml-x = l io l-x =
E + W auJ the result is

^(w + EIosg^);

which, when E is very great compared with W, gives the previous

tcsult.

Further Comments on the First Two Laws of Motion.

§ 114. We are now prepared to consider, more closely

than we could at starting, the bearing of the various clauses

af each of Newton's Laws. Thus, from the first law we

may draw the following immediate consequences.

The times during which any particular body, not cnni-

pellod by force to alter the speed of its motion, passes

through equal distances are equal. And, again, every

other body in the universe, not compelled by force to alter

the speed of its motion, moves over equal distances in

successive intervals, during which the particular chosen

body moves over equal distances. The earth, in its rota-

tion about its axis, presents us with a case of motion in

which the condition of not being compelled by force to

alter its speed is more nearly fulfilled than in any other

which we can easily or accurately observe. Hence tlie

numerical measurement of time practically rests on defin-

ing " equal intervals of time " as times during which the

earth turns throur/h eqnal angles.

§ 115. It has been objected to this statement that we
begin by defining uniform motion by the description of

equal spaces in equal times, and then employ this defini-

tion as a mode of measuring equal times. The objection,

however, is not valid ; for, if we agree to measure equal

intervals by the undisturbed motion of any one physical

mass, we find that in the successive intervals so determined

all other absolutely free physical masses describe successive

equal spaces.

feasure § 116. Again, from the second law we see that, if we
lorce.

„J^^tiply the change of velocity, geometrically determined,

by the mass of the body, we have' the change of motion

(§ 99) referred to in the law as the measure of the force

which produces it. In the statement of the second law

there is nothing said about the actual motion of the body
before it was acted on by the force; the same force will

produce precisely the same change of motion in a 'body

whether the body be at rest or in motion with any velocity

whatever. Again, nothing is said as to the body being

tinder the action of one force only ; so that we may logically

put part of the second law in the following (apparently)

amplified form :

—

When any forces whatever act on a body, then, whether

the body he originally at rest or moving with any velocity

and in any direction, each force produces in the body the

fxact change of viotion which it U'ould have produced if it

ftad acted singly on the body originally at rest.

§ 117. Since now forces are measured by the changes of

motion they produce, and their directions assigned by the

directions in which these changes are produced, and since

the changes of motion of one and the same body are in

the directions of and proportional to the changes of velocity,

a single force, mea-^iured by the resultant change of velocity,

mid in its direction, will be the equivalent of ony number
of simultaneously acting forces. Hence

The resultant of any number of forces {applied at one

point) is to be found by the same geometrical process as the

it-esultant of any number of simultaneous velocities.

From this follows at once (§ 30) the construction of the

"parallelogram of forces" for finding the resultant of

two forces acting at the same point, and the "polygon of

forces " for the resultant of any number of forces acting at

a point. And, so far as a single particle is concerned, we
have at once the whole subject of Static.'!.

§ 1 18. The second law gives us the means of measuring

force, and also of measuring the mass of a body.

For, if we consider the actions of various forces upon

the same body for equal times, we evidently have changes

of velocity produced which are proportional to the forces.

The changes of velocity, then, give us in this case the

means of comparing the magnitudes of different forces

Thus the speeds acquired in one second by the same mass

(falling freely) at different parts of the earth's surface give

us the relative amounts of the earth's attraction at these

places.

Again, if equal forces be exerted on different bodies,

the changes of velocity produced in equal times must be

inversely as the masses of the various bodies. This is

approximately the case, for instance, with trains of various

lengths drawn by the same locomotive.

Again, if we find a case in which different bodies, each Gravity.

acted on bya force, acquireiu thesame time the samechanges

of velocity, the forces must be proportional to the masses

of the bodies. This, when the resistance of tlie air is

removed, is the case of falling bodies ; and from it we

conclude that the U'eight of a body in any given locality, or

the force with which the earth attracts it, is proportional to

its mass. This is no mere truism, but an important part

of the grand Law of Gravitation. Gravity is not, like

magnetism for instance, a force depending on the quality

as well as on the quantity of matter in a particle.

§119. It appears, lastly, from this law that every 'Ti-ansU"-

theorem of kinematics connected with acceleration has its ''o° &»'

counterpart in kinetics. Thus, for instance (§ 36), we j^'"^'.^

see that the force under which a particle describes any i„to

curve may be resolved into two components, one in the luuetic*

tangent to the curve, the other towards the centre of cur-

vature,—their magnitudes being the rate of change of

momentum in the direction of motion, and the product of

the momentum into the angular velocity about the centre

of curvature, respectively. lu the case of uniform motion,

the first of these vanishes, or the whole force is perpen-

dicular to the direction of motion. When there is no force

perpendicular to the direction of motion, there is no

curvature, or the path is a straight line.

Hence, if we resolve the forces acting on a particle of mnss m,
whose coordinates are x, y, s, into three rectangular components

X, y, Z, we have the equations originally given by Maclaurin, \U.,

d-x „ (I'll ir

',ll-

in several of the examples wliich follow, these equations will bo

somewhat simplified by assuming unity as the mass of the moving

particle. When this cannot be done, it is sometimes convenient

to assume X, Y, Z as the component forces on unit mass, and tha

previous equations become

from which lit may of course be omitteJ.

[Some confusion is often introduced by the division of forces into

"accelerating" and "moving" forces ; and it is even stated occa-

sionally that the former are of one, and the latter o( four lincac

dimensions. The fact is, however, that an equation such as

d-r „

may be interpreted either as dynamical or as merely kinemntical.

If kinematical, the meanings of the terms are obvious; if dynamicil,

the unit of mnss must be understood as a factor on the left-hand

side, and in that case X is the x-component, per unit of mass, of

the whole force exerted on the moving body.]
If there be no acceleration, we have of course equilibrium amoD<»



702 MECHANICS
the forces. Hence tlic ecjii.iiioiii' of motioii of a particle &io cliaugcJ
into those of cquilibiiuiu by putting

§ 1 20. We have uow all that is necessary for the

dynamics of a single particle, with exception of the experi-

mental laws of friction. Those, very nearly as they were

established by Coulomb, we will now give.

To produce sliding of one flat-faced solid on another

reijuires a tangential force which is directly proportional

to the normal pressure between the surfaces, and whose
actual magnitude is found from this pressure by means of

a factor culled the "coefficient of statical friction." This

coefficient depends upon the nature of the solids, the

roughness or smoothness of the surfaces in contact, and the

amount of tallow, oil, &c., with which they have been

smeared; It also depends upon the time during which

they have been left in contact. It is only in extreme cases

dependent on the area of the surfaces in contact.

§ 121.' When the forces applied are insufficient to pro-

duce sliding, the whole amount of friction is not called

into play ; it is called out to an amount just sufficient

to balance the other forces. Thus there are two quite

distinct problems connected with the statics of friction :

—

the first, to determine the amount of friction called into

play' under given circumstances ; the second, to find the

limiting circumstances under which, with friction, eqnili-

brium is possible. When motion is produced, there is

still friction (now called " kinetic"). It follows the same
laws as does statical friction, only that the coefficient,

which is approximately independent of the velocity, is

usually considerably less than the statical coefficient.

Statics of a Particle.

^ 122. By § 117, forces acting at the same point, or on

.3 same material particle, are to be compounded by the

me laws as elocities. Therefore the sum of their re-

vived parts in any direction must vaiiish if there is equi-

ibrium ; whe&ce the necessary and sufficient conditions

are found by resolving in three directions at right angles

to one another.

They follow also directly from Newton's statement with

fegard to work, if we suppose the part: ;lo to have any

Velocity, constant in direction and magnitude (and by § 6

this is the only general supposition we can njake, since

absolute rest has for us no meaning). For the work done

ia any time is the product of the displacement during

that time into the algebraic sum f the eS'ective com-

ponents of the applied forces, and there is no change of

kinetic energy. Hence this sum must vanish for eoeri/

direction. Practically, as any displacement may be

resolved into three, in any three directions not coplanar,

the vanishing of the work for any one such set of three

suffices for the criterion. But, in general, it is convenient

to assume them in directions at right angles to each other.

Hence, for the equilibrium of a material particle, it is

Kecessary, and sufficient, that the (algebraic) sums of the

applied forces, resolved in any one set of three rectangular

directions, should vanish.

This statement gives at once the result that, if X,, Y,, Z,,

X;, Yj, Zj, Inc., he the components ^parallel to the three axes) of

the forces Pi, P., i:c., acting on the paiticle, we must have

2(X) = 0, 2{Y) = 0, 2(Z) = 0.

When these conditions are not satisfieii, there is a resultant force

P, with direction cosines \, ft, v, such that

Pa-2(X), P^ = 2(Y), Pi' = 2(Z)

§ 123. By far the most extensive series of examples of

the composition of forces acting on a single particle is

furnished by the theory of " attraction," where each particle

ot the ottracting mass exerts upon the attracted particle a

Fig. ^4

Then fSy represents

force in the direction of the line joining them, and ol

magnitude depending on their masses and their mutual
distance only. See PoT£.\tial.

§ 121. When there are but three forces acting on the

particle, their directions to give eijuilibrium niu&t obviously
jje iu cue plane. For, if the third weie not iu the plane

of the other two, it would have an uncompensated com-
ponent perpendicular to that plane. Hence this case is

always at once reducible to the triangle or the parallelogram

of forces ; and the magnitudes of each of the three forces

are respectively proportional to the sines of the angles

between the directions of the other two.

Thus, when a pellet is supported by two strings, as io

fig. 34, we may proceed as follows to determine theii

tension.s. Let P bo the pellet, of

weight W, and let A V, BP be the strings

attached to points A ana B respectively.

Let their tensions be T and T', The
remark above shows that the strings

must hang in a vertical plane, since the

force \V acts in a vertical line. Since

A, B, and the length of the strings are

given, the figure is perfectly definite.

Draw Py vertically npwards, and make
its length represent, on any assumed
scale, the value of W. Draw yfi

parallel to AP, and lot it meet BP in /3.

T, and P/3 represents T', in direction and also in magni-

tude, on the same scale in which yP represents W. This

case leads to nothing but the determination of the tensions,

since the form of the figure is definite.

Next, let one of the tensions be given in magnitude. To
effect this, we may suppose the end of PB not to be

fastened at B, but to pass over a smooth pulley and

support a weight Q. Let fig. 35 represent the state of

equdibrium, and let the same construc-

tion as before be made. Then we must
have yP : P/3 : : W : Q ; or, writing it

in terms of angles,

sinArB:sinA?y::W:Q.

A and B and the direction of yP
being given, this datum suffices for the

drawing of the figure ; i.e., for the

calculation of the angles. A little con-

sideration will show that, however small

Q be, provided the string supporting

it be long enough, there is always one

dejiuite position of equilibrium. The
actual calculations in such a case as this

are troublesome. It was chosen mainly

on that account, so as to show, in a

simple case, how pure geometrical pro-

cesses may occasionally save the neces-

sity of a tedious trigonometrical in-

vestigation. But a still simpler method
will be afterwards explained, viz., that,

for a position of stable equilibrium,

the potential energy must be a minimum.
this to our example, we see that any downward displace-

ment of Q produces an upward motion of P. But when
AP is nearly vertical the vertical displacement of P is

indefinitely smaller than that of Q, so that Q must go

down. On the other hand if APB be nearly a straight

line, a displacement of P produces an indefinitely smaller

displacement of Q. Hence P must go down. And these

results are in character independent of the relative magni-

tudes of P and Q, provided both be finite.

Finally, let both tensions be constant. Here we mus
imagine pulleys both at A and at B (ti^. 36), with weight;!

I

Fig. 36.

Now, to apply
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R and Q attached to the ends of the strings. But now

we see that we must have the limiting condition

R + 0>'\V.

This is merely the geometrical condition that

VS + 0y> Vy

Here the magnitudes of all three sides of Vfty are given.

Hence its angles are given, and the sole position of equili-

brium is at once found.'

Pariiois .? 1 25. Now take the case of a particle resting on a surface,

on rtxed As we are concerned only with the portion of the surface

surface, immediately contiguous to the position of the particle, we

may substitute for it its tangeut plane at that point (except,

of course, at singular points, where there may be an infinite

number of tangent planes ; but such cases we do not con-

sider). Henco the problem reduces itself in all cases to

that of a particle resting on an inclined plane.

If the plane be smooth, the particle cannot remain in

equilibrium unless some force is present to prevent its

sliding down. Let us suppose it to be supported by a

force, F, acting upwards along the plane (fig. 37), Tiien

we have three forces at work :

—

the weight P acting vertically

downwards ; the supporting

pressure of the plane R, which

necessarily acts perpendicularly

to the surface; and the third

force, just mentioned, which

we see by previous considera-

tions must be in the plane of the other two, and must

therefore lie along the line of greatest slope of the plane.

We might construct a triangle of forces as in the previous

examples, but. we will now vary the process, and resolve

the forces in two directions at right angles to one another

in their common (vertical) plane.

Let o be the angle of inclination of the plane to the

horizon, then the algebraic sum of the components of the

forces must vanish both horizontally and vertically This

gives us the two conditions

Fco3a-Rsina = 0, Fsina-I-Rcoso- P—

From these we obtain at once

F = Psina, R'-Pcosa

Now the choice of mutually perpendicular directions in

which to resolve was at our option, and we see that had we
chosen to resolve alonf/ and pei-pendicnlar to the plane we
should have obtained the last two equations, which are

equivalent to, but simpler than, the former one.s, which
were obtained by resolving horizontally and vertically.

Theoretically speaking, it does not matter which .system

we choose ; in practice, however, it is well to select the

directions which will give the required results in the

simplest form. The full value of a proper selection will

not be felt till we come to the statics of a rigid solid.

Friction. If we suppose the plane to be rough, friction alone may
suffice to develop the requisite force F, But the utmost
value of the friction is (§ 120) /tR. Hence the particle

will be on the point of sliding if

.

^R_F-Psina.

Divide the members of this equation by those of

R-Pcoso,
and we find

/i = tano

Hence, so long as the coeflicient of frictfon is greater than

the tangent of the inclination of the plane to the horizon,

' We have itssumcd Tien*, whnt Is proporly p:irt of tlie results of tho

third Uw of motion, thut the tension of a weightless fitnng, passing
over a smooth pulley, is in the rtirertion of its length, and of the same
amount at all poinbi.

the friction will suffice to prevent sliding. More and more

is called into play as the inclination of the plaue increases,

and fiually w-hen

the particle is just about to slide down. This simple idea,

taken along with Coulomb's results (§ 120), points to A

vary easy method of determining the coefficient of friction

between any two substances. The limiting angle defined

by
o-t.au-

V

is called, on account of this property, the " angle of repose."

§ 126. Let us now suppose the particle to be, in part, Support ,

supported by an elastic string fixed at a point in the plane, l>y.''"°*

and lying in tho line of greatest slope. (This modification '^

is introduced to show the nature of cases in which there

are limits between which equilibrium is possible.) We
assume " Hooke's Law," viz., that the tension of an elastic

string, drawn out from its natural length I to length I', is

expressed by

where E is a definite constant, representing theoretically

the tension which would just double the length of the

string.

Our equations are exactly the same as before, only that

F consists now of two parts,—one due to friction, the other

to the elasticity of the string. Thus

f = f, + e'-^'= Psina
,

R = Pcosa.

Now, when sliding is about to commence downwards

we have
Fi-mR.

If the particle is about to be dragged upwards,

F,= -mR.

Hence for the two extreme positions of equilibrium

I'-l „ .

±^Pcoso + E—y- = Psmo..

Hence the limiting positions of equilibrium of the particle

are given by its distance from the fixed end of the string

—

Z' — Z + .T (sina^/urosa) .

ti

If I' be less than the smaller of these, gravity pulls the

particle down ; if it be greater than the larger of them, the

tension of the string pulls the particle up. In intermediate

positions the full available friction is not called into play.

§127 Next, let a small ring P (fig. 3S) be attached to one Equlli- .

end of a string. Let the string pass round two smooth '":'ura

pulleys B, C, at different points, then be passed through ^^l^
the ring, then round two more pulleys D, E, and through of equal

the ring again, and so on,—the other end being either forces

fastened to tho ring or g ^"''i^eli
attached to a fixed point, ^ /\ points*"

It is required to find the /\ / \
position of equilibrium of

the ring when the string

is drawn tight, by operat-

ing on tho lap of it behind

two of the pnlleys.

This is equivalent, from

the physical point of view,

to finding the position of equilibrium of a particle acted

on by a number of eijiial forces each directed towards a

given" point. From the geometrical point of view its

solution obviously answers the question, "Find tho point

the sum of whose distances from a number of given point*

is the least possible." Tho points, need not lie all in one

plane. The solution is, from the polygon of forces, that in
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Sliding

on in-

clined

plane.

the equilibrium, position the laps of the string, from the

Hng outwards, are parallel to the respective sides of a
closed equilateral polygon, taken

oil in the same direction. That c

the solution is unique will be seeu

at once by considering a displace-

ment of the ring, for the resultant

of the forces obviously tends to

dimipishthe displacement. When -v^^j

there are but three forces, their

directions must be inclined at
^^'

angles of 120° to one another (fig. 39). Thus we have

immediately the solution of the celebrated geometrical pro-

blem, " Find the point the sum of whose distances from
three given points is the least possible."

§ 128. If, in the first problem of § 124 above, the particle

were supported by three strings, instead of two, each

attached to a fixed point, we should first have to assure

ourselves that all three are brought into play. For, if not,

the problem is reduced to the former case. The obvious

condition is that, when the three strings are simultaneously

tight, and the points of suspension are not in one vertical

plane, the particle supported shall be situated within ths

triangular prism formed by vertical planes passing through
each pair of points If this condition be satisfied, the pro-

cess for determining the tensions of the strings is merely to

construct a parallelepiped, three of whose edges lie along

the strings, while the conterminous diagonal is vertical.

This leads to an obvious geometrical construction ; and,

when it is carried out, the lengths of the various edges are

S) the diagonal as the corresponding tensions to the weight
i>f the particle. When the three points are in one vertical

plane, nothing short of infinitely perfect fitting will, in

general,- bring all three strings simultaneously tight ; and
in this case the problem, mathematically considered, is

indeterminate.^ When the strings are sufficiently exten-

«ible, all will be brought into play j and, with sufiicient

data, the problem is determinate.

Kinetics of a Particle uitk One Degree of Freedom.

% 129. Here the motion is rectilinear, or at least takes
place in some assigned curve.

The simplest case is that of a falling stone, when the

effect of the resistance of the air is set aside and the

acceleration due to gravity is reckoned the same at all

elevations. This has already been treated with sufficient

detail as a matter of pure kinematics, §§ 28, 29.

§ 130. When the particle, instead of falling freely, is con-

strained by a smooth inclined plane on which it slides, we
see that (so bng as it moves on the line of greatest slope)

its weight M^ has components, M^sina tangential to the

plane and M^rcosa perpendicular to it, a being the

inclination of the plane to the horizon. The latter com-
ponent produces the normal pressure on the plane, and
is the only contributor to it, since there is no curvature.

The former produces the acceleration of the motion.
Thus the acceleration is now gsma. only; but, with this

change, the results of § 29 still hold.

§ 131. If the plane be rough, with coefficient of statical

friction fx, it can furnish (§ 120) a force of friction tending
to prevent motion, of any amount up to

liSlg cos a

.

If this be less than M^isina, motion will commence, and
the force accelerating it will be

Ujsino T-^'JIjcoso

,

where/ isthe coefficientof kinetic friction (§121). Thus the

• 01 coarse, physically, there is no indeterminateness, even with
p»-fectly ineitensiblo atriii(!».

same results as in § 29 still hold, but with g (stna - /< coaa>
instead of g. As we have seen that /i'<//, accelerated

motion can take place dowir an inclined plane in certain

cases where the mass, if once at rest, would not start.

§ 132. As a slightly more complex case, let ns now take uoii

again the problem of free motion in & ''ertical line, but f-iUmg u
allow for the diminution of gravity as the distance from ""^ .

the earth increases. . j

The weight of a particle of mass n at the earth's surface is mg. distauce.
At a distance x from the centi-e, it is, therefore,

where R is the radius of the earth, supposed sphericaL This acta
dowuwai'ds, or in the direction opposite to that in which x increaaes
Hence, e(]uating it, with its proper sign, to the rate of aeceleralion

of momentum, we have for the equation of motion

* J.-

Here the right hand member is a function of x only.

Multiply by xdt, and integrate, and we have, leaving out the ex-

traneous factor ni (the possibility of doing this showing that the
motion is the same for all masses),

X

If V be the speed at the earth's surface (where z = R),

JV« + C = R3.

Also if the particle turns, to come down again, at the height
k abcve the surface,

RV

JV= -^g{\

Hence

RTaJ=^^rTa'
This shows the amount of error in the approximate formula (§ 28)

for projectiles,

—

If the particle be supposed to have been originally at rest, at a Meteorit»
practically infinite distance from the earth (a case which may occur
with a meteorite for instance), we have z = when x=i», and oar
formula becomes

X

The speed with which the mass reaches the surface (where

i=R) is therefore VZffR, ««•, that which it would acquire by
under constant acceleration g, 'through a height eaual tofalling,

the earth's radius.

In this special case, the second integral is

The second integitil, in its general foim, is a little complex
;

but we may avoid it by means of a geomctiical construction,

founded on the results of the investigation of planetaiy motion
soon to be given.

§ 133. Let ns next take a case in which the accelera- Haii-

tiou depends upon the speed of the moving body. A "'(^5 *

sufficiently simple one is furnished by a falling raindrop, drop

or hailstone, when the resistance of the air is taken into

account. For the moderate speeds with which such bodies

move, the resistance varies, at least approximately, as the

square of the speed. To avoid needless complexity, we
neglect here the variation of gravity due to changes of

vertical height.

Suppose the particle to have been projected vertically upwards
from the origin with the speed V, and let j; be its speed at any time
I, and X its distance from the origin at that time.

If we assume k to be the speed with which the particle must move
so that the retardation due to the resistance may be equal to g, the

retardation when the speed is v will be represented by jr-j-

.

Let the axis of x be drawn vertically upwards ; then the resist,

ance acts with gravity, and the equation of motion upwards is

dv

or

ST"
dv

k'
{B + v^),

f (i'-H)').



JIECHANICS 705

Integrating, and determining the constants so tliat, when

fc-O,
^

,./(V-f)
A-+Y«

= and D = V, wo obtain

tan-'#---'1
h

tan

23X
log

, Let T be the time at wliicli the speed becomct ten, mil A the

corresponding value of sr, then

T-— tan-'-
9

and h = ^ log (1 + 7J j
V
k •

' " -2?

After this tlie jiarticle begins to return ; the resistanco therefore

hots against gravity, and the equation of motion is

j7 vi^" ^ It
dl

»S-

i2

h^- V'-).

Integrating, and determining the constants so that, when t) =

x = h and l = T, we obtain
0.

i(A- a;) = log
j

It must be remembered that v is now negative.)

Let U be the speed witli wliich tlie particle returns to the

point of projection ; then, putting x^O in the latter eq.uation, we
obtain

or, substitatiog for h its value.

fc-^^l + VVi^'
whence

J_ i- -1V'y" k''

'

It is to be observed that /: is the " terminal velocity," as it is

called, i.e., the speed to which that of a falling body continually

tends, whether its original speed have been greater or less than
this limit.

It is to be observed also that (strictly) we should write g'{l - a)

lor g, where o is the sf-cific gravity of air, to take account of the

appareut loss of weight of a raindrop on account of immersion in

air.

When k is very large, i.e., the absolute amount of resistance

Tery small, as in the case of air, the general integrals in the second
case above become, by expanding the logarithms,

k '^'^k''^

'+Tki +

of which thii Uims independent of k arc

f=-j(<-T),
v-~2ci{h-z).

These, if wo remember that < - T is the time of fall, and h - .r tlio

space fallen through, are at once recognized as the ordinary forniul.T;

of § 28. The modification due to the icsibtance is shown approxi-
mately by the second terms on the right-hand side of the develop-
ments above.

The necessity for this double investigation, one part for the
ascent, the olher for the descent, is duo to the non-conservative,

or "dissipativc," character of the force of resistance.

§ 134. As an illustration of constraint by a smooth
curve, let us take tjio case of a siinplo

pendulum. Let O (fig. 40) be the point

of suspension, P the position of the bob
at any time t. 'Then, if PG represent

the weight of the bob, and bo resolved

into PH, IIG respectively along, and per-

pendicular to, tlie tangent at P, wo seo

that PII produces the acceleration of the

motion, while tlio tension of the cord

balances HO and also furnwhes the ac-

celeration pcriiendieular to the direction of motion which

ia rcriuired to produce the curvature of the }jath. piI is

(cseteris paribus) proportional to the sine of PGH, that isj

of PO.A. Hence the acceleration is proportional to the siua

of the angular displacement. When that angle is small it

may be used in place of its sine. Hence, for small vibra-

tions, the acceleration is proportional to the displacement,

and the motion is "simple harmonic." The time of vibra-

tion, being (§ 51) 27r ^displacement/ acceleration, i» hei«

\' jsinfl
a/— , approxfmately.

Fig. 41

The rigorous solution of the pendulum problem requinis the use

of elliptic functions.

§ 135. Some very curious properties of pendulum vnotiou

are easily proved by geometrical processes. The whola
theory of the motion in a vertical piano of a particlp

attached by a weightless rod to a fixed

point, whether it oscillate as a pen-

dulum or perform continuous rota-

tions, may be deduced from the two
following propositions, which are

easily established by geometrical

processes in which corresponding in

definitely small motions are compared.

(1) To compare different cases of

continuous rotation. Let DA (fig.

41) be taken equal to the tangent

from D to the circle BPC, whose
centre C is vertically under D. Let
PAQ be any line through A, cutting

in Q tlie semicircle on AC. Also make DE = DA. Then,

if P move under gravity with speed due to the level

of D, Q moves with speed due to the level of E, the

acceleration due to gravity being reduced

in the ratio AC- : 2BC2.

(2) To compare continuous rotation

with oscillation. Let two circles touch

one another at their lowest points O
(fig. 42) ; compare the arcual motions

of points P and j>, which are always

in the same horizontal line. Draw the

horizontal tangent AB. Then, if P move, ^'S- ^-

with speed clue to ff and level a, continuously in its circle,

p oscillates with speed due to level AB and accrleratioa

»aU^
•

§ 136. Two particles are projected from the same point, Motion

in the same direction, and with the same speed, but at '" ver-

different instants, in a smooth circular tube of small bore 'l
j

whose plane is vertical, to show p/ p r

that the line joining them con-
'~~~~

stantly touches another circle.

Let the tube be called tlio

circle A, and the horizontal line,

to the level of which the speed

is due, L. Let M, M' (fig. 43)

be simultaneous positions of the

particles. Suppose that MM'
passes into its next position by

turning about O, these two .lines

will intercept two indefihitely

small arcs at M and M' which (by a property of the circle)

are in the ratio MO : OM'. Let another circle B be

described touching MM' in O, and such that L is tho

radical axis of A and B. Let MP, M'P' be drawn perpen-

dicular to L. Let M'M cut L in C. Then, by the pro-

perty of tho radical axis, CO- = CM.CM'; from which we
havi^ by geometry,

CM:CM'-OJP:OM'»
or OHP:OJP-.rM.:r'iM'.

Rut (speed at U)- : (speed at M')-'= PM : P'M'.

XV. — 89

Fig. 43.
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Hence the speeds of M and il' are as JIO : OM', and
therefore, by what wo have stated above about elementary

arcs at M an.d M', the proximate position of MM' is also a

tangent to B, which proves the proposition.

Oeome- It is easily seen from this that, if one polygon of a given
trical number of sides can be inscribed in one circle and circum-
''''^'* scribed about another, an infinite number can bo drawn.

For this wo have only to suppose a number of particles

noving in A with speeds due to a fall from L, and then

if they form at any time the angular points of a pol3'gon

whose sides touch B they will continue to do so throughout

the motion. Fig. 44 shows two forms of a quadrilateral

possessing this property.

A'F'.

A'B, a constant.

Gycioi- § 137, To find tin time offall from rest doivn any arc of
dal mo- an inverted cycloid,
"°°' Let (fig. 45) be the point from which the particle

commences its motion. Draw OA' parallel to CA, and on
BA' describe a semicircle. Let P,P', P" be corresponding

points of the curve, the generating circle, and the circle

just drawn, and let us compare the speeds of the particle

at P anJ the point P". Let P"T be the tangent at P".

SpeeJ of P" element at P"

Speed of P element at P

FT FT /A'B^ ^A^B^ /VB
" BP'°° BP"V AB 2A'P"V AB '

But speed of P= V(2? • A'U)=^-^

Hence speed of P"—^ ^

And, as the length sf A'F'B is Jtt . A'B,

time from A' to B in circle = time from to B in cycloid

/AB

Tauto- The time of fall to the vertex from all points of the
chrone. ^urve is therefore the eaaia Hence the cycloid is called

a " tautochrone."

mo\\on"^ § 138. As an instance of cases in which the acceleration

of pen- depends upon the speed and the position jointly, take
dulum.

^jjg njQtiQn of a simple pendulum in a medium whose
resistance varies as the velocity directly. This is the law,

at least approximately, for very small speeds, whether the
pendulum oscillate in a gas or in a liquid,—and even
when the resistance is due to magneto-electric induction,

as when the pendulum is a magnetic needle vibrating in

presence of a conducting plate or a closed coil. A syn-
thetical solution of this problem has already been given
under Kinematics in § 68,

Analytically: id be the length of the string, $ its defiexion fiom
tho vertical at time t, m the mass of the bob, we have evidently

mlS" -inr/siaB-Kd.

_
The ratio k/jh? may be increased (theoretically) without limit by

increasing the surface which the bob exposes, without changing
its mass. But it cannot.be indefinitely diminished. AVe will write
2k for it. If we assume tlio angle of r^^'Uation to be small, we
may write the equation in the form

where n'-i;//, and k is essentially positive, Tjcing greater as the
resistance (whether on account of the viscosity of the medium or

the large surface of tlie bob in proportion to its mass) is greater,

A particular integral of this equation is evidently

provided

Hence there are two quite distinct cases of motion, distinguished

by diHVreiit/or»is of solution, dependisg on the relative magnitudes
of k and n. These aie separated from one another by the uniqUB
case in which k = n,

(a) Let k > n, and let k' - )i' = »'»< i>.

Then both values of ^j are real tnd negative. Thua

e^As"'' + Be"^'

.11.
-6 ••(A£"''+ Be -"').

If A and B have the same sign, 8 dimmishes, without changing
sign, as t increases. But ifA and B have different signs, the factor

in brackets may vanish for one definite value of (, auil then change
sign. After that the whole reaches a maximum and then dimin-
ishes without further change of sign. Examples of these cases

are furnished—(1) when the pendulum is displaced from the vertical

and allowed to fall back ; it then approximates asymptotically to

its position of equilibrium ; and (2) when it is drawn aside and
flung back ; in this case it may pass once through the position

of equilibrium and then asyniptutically return to it.

<4) Let It > i and let )i^ - k- = n'^ < n'

,

Here both values of j< are imaginary, and we havo

e- 6-"(a£+»''^''^ -H B2 -"'*^^)

-Pg-^'cosOi'^-l-Q),

This maybe looked upon as a "simple harmonic motion" (§ 52),

of which tne amplitude diminishes iu a geometric ratio with the

time, the decrement denending on the resistance alone, while the

period is permanently lengthened in the ratio n: n'. This ratio

depends both upon the original period and the resistance, so that for

the same medium and same bob it is difl'erent for strings of difTrrent

lengths. This investigation gives an approximation to the gradual
dying away (by interual friction or by imperfect elasticity, &c)
of all vibratory movements. The rate of diminution of amplitude,
say of torsional vibrations of a wire, is thus a valuable indication

and measure of a somewhat recondite physical quantity, which,
without this method, would (at present at least) be nard to measure.

(c) When n=k, i.e., in the transition case, the equation becomes

whose integral is known to be

e=E-"'(A-i-B/)=.e-*'(A + BO.

This, also, ultimately diminishes indefinitely as i increases ; hut,

as in case («), it may either do so coiitinuoublv or after having
once passed through the value zero and reached a maximum,
according to the relative magnitude and the signs of A and B.

§ 139. When the path is given, the determination of the
motion under given forces is, as we have seen, a mere
question of integration of the equation for acceleration

along the tangent. But more is required if we wish to

find the normal pressure on the constraining curve. This
is at once supplied by compounding the resolved part of

the applied forces in the direction perpendicular to the
tangent, with the additional force m\-,'p acting from the^

centre of curvature. But, strictly speaking, all sucIl
questions require the application of Law IIL

Kinetics of a Particle with Two Degrees of Freedom.-

§ 140. The simplest case is that of a projectile, when Projeofc

gravity is supposed to be uniform and to act in parallel tile uiJ

li'ies throughout the whole path, and the resistance of th6,?***5ie5 ,

air is neglected. This has been sufficiently discussed in |

§§40-42. It is merely the combination of (1) the uniformly
accelerated motion of a stone let fall, with (2) a uniform
velocity in a definite direction. Looked at from this point
of view, it gives an interesting example of the graphic
method applied in § 53 to indicate the nature of simple
harmonic motion.

§ 141. We can extend these projectile results so as to'

takp account of the alteration of direction and of intenaity
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Klliptic

motiuii

.f|.r.,-

if gravity at different points of the path, 'by rememberlDg

that, as shown in § 49, the path of an unresisted pro-

jectile is an ellipse, one of whoso foci is at the centre of

the earth. The following, among tcany other analogous

propositions, are easily proved.

(1) The locus of the second foci of the paths of all pro-

jectiles leaving a given point with a given speed, in a

vertic:.A plane, is a circle.

(2) The direction of projection, for the greatest range on

a given line passing through the point of projection, bisects

the angle between the vertical and the line.

(3) Any other point on the line -vhich can be reached at

all can be reached by two different paths, and the directions

of projection for those are eqUi'Uy inclined to the direction

whi'jh gives the maximum range.

(4) If a projectile meet the line at right angles, the point

which it strikes is the vertex of the other path by which

it may be reached.

(5) The envelop of all possible paths in a vertical plane

is an ellipse, one of whose foci is the centre of the earth,

^nd the other the point of projection.

To prove these propositions, let E (Cg. 40) be the

earth's centre, P the point of projection, A the point which

the projectile would reach if ^
fireJ vertically upwards. With
centre E, and radius EA,
describe a circle in the common
plane of projection. This, the

circle of zero velocit}', cor-

responds to the common direc-

trix of the parabolic paths in

the ordinary theory. If F be

the second focus of any path,

we must have EP-fPF con-

stant, because the asis major
depends on the speed, not the

direction, of projection. Hence

(1) the locus of F is the circle

AFO, centre P. Again, since,

if F be the focus of the path
which meets PR in Q, we must
iiave FQ = QS, it is obvious

that the greatest range P(/ is to be found by the condition

Oq = qs. O is therefore the second focus of this trajectory,

and therefore (2) the direction of jirojection for the greatest

range on PR bisects the angle APR. If QF = QF' = QS,
F and F' are the second foci of the two paths by which

5 may be reached ; and, as L F'PO= L FPO, we see the

;ruth of (3). • If Q be a point reached by the projectile

when moving in a direction perpendicular to PR, we must
evidently have ^ PQF' = Z. PQF = ^ SQR = I EQP; i.e.,

EQ passes through F'. When this is tbe case, the ellipse

whoso second focus is F evidently meets PR at right

angles; and that whose second focus is F' has (4) its

vertex at Q. The locus of q is evidently the envelop of

all the trajectories. Now

Hence
Pj + Ey-PA + AE,

or (5) the envelop is an ellipse, whose foci are E and P,

and which passes through A.

§ 142. One of the most important problems in this branife

ot our subject is that of planetary motion, which forms a

good typical example of the processes to be employed in the

treatment of central orbits. One or two definitions, and a

general property of central orbits, must be premised.

§ 143. Df/. An "apse" is a point, in a central orbit, at

which the path is perpendicular to the radius-vector alotig

which the central force acts.

Fig. iG.

The length of the radius-vector is therefore, at such a

point, generally a maximum or a minimum. This radius

vector, drawn to an apse, is called an " apsidal line."

A central orbit is symmetrical ahotit every apsidal Hnft
The simplest proof of this theorem depends upon the

general principle of " reversibilitj-," which holds in all con-*

servative s3-stems. In fact if, at any instant, the velocity-

vector of a particle, moving under the action of a conserva-

tive system ot forces, be reversed, the particle will simply

retrace its previous path. For if we suppose a smooth
tube, in the form of the previous path, to be employed to

guide it back, the speed at every point will be of the same
magnitude as before. The curvature also of the path will

be the same ; and thus the normal component of the applied

forces will balance the so-called centrifugal force,

—

i.e., will

suffice to produce the requisite curvature,—so that there

will be no pressure on the tube,.and it is not required.

Hence since, at an apse, the velocity is perpendicular to

the radius-vector, the two halves of the orbit on opposite

sides of the apsidal line are similar and equal. Hence,

however many apses there may be, there can be at most
only two apsidal distances. For the property of symmetry
about each apsidal line shows that, if there be more apses

than one, the first, "third, fifth, &c., must have their apsidal

distances equal, as also must the second, fourth, sixth, ifec

If there be one apse only, it may correspond either to a
minimum or to a maximum value of the radius-vector;

but, if there be more than one, they must be maxima and.

minima alternately.

§ 144. We now proceed to the gravitation case already

promised. We will take, first, the direct problem as in

§ 49, where the force is assigned and the orbit is to be

found.

A particle is projectedfrom a given point in a given direction and Plano-

with a given speed, and moves under the action of a central aUrac- tary

tion varying inversely as the square of Vie distance ; to determine ipotion

the orbit.

We have r=/i!(', and therefore by the last part of § 47

where /i is double the constant area, or

the integral of which ia

u-.^^ = Acos{e + B),

or, as it is usually written,

xi— j^{l + ecos{S-a)l • . .

This gives by differentiation

____,sm(9-a) ....
Let R be the distance of the point of projection from the centre,

and fi the angle, and V the speed, of projection; then, when fl-(^

(1).

(2).

Hence, by (1)

and by (2)

From these

and

^^ut

wlierefora

and

1 ,„ /I rf«\
« ~ TT • cot /3 - - 1 - -r: I

-Yj-1-fcosa,

-r,cot0— - fsina.

tana'
A'cotfl

'nR-h'

...^^cosec'^_-4,l

V-Y'R»sin»j3,

V»R sine cos fl

(3)

tana-
li~ \-U&tv.-$

l-«»-
V'R«sin'/3/ 2 V«\

a

. . (3'),
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Now (1) is the general polnr equation of a conic section, focus the

pole , anJ, as its nature depends on the value of the excentricity
t given by (4'), we see that

if V'>2^/R, c>\, and the orbit is an hyperbola;

if V^= 2^/R , e = l, and the orbit is a parabola;

if V'< 2/i/R, e< 1, and the orbit is an ellipse.

But the square of the speed from res.t at infinity to distance R,
for the law of attraction we are considering, is 2^/R , and tlie above
conditions may therefore be expressed more concisely by saying
that the orbit will be an hyperbola, a parabola, or an ellipse, accord-

ing as the speed «t projection is greater than, equal to, or less

than, th« speed ironi infinity. Illustrations of this proposition

are found in the cases of comets and of meteor swarms.
The speed of a particle moving in a circle is ; ho often taken

as the standard of comparison for estimating the velocities of bodies
in their orbits. For the gravitation law of attraction the square
of the speed in a circle of radius R is /</R ; and the above con-
ditions may be expressed in another form by saying that the orbit

will be au hyperbola, a parabola, or an ellipse, according as the
speed of projection is greater than, equal to, or less tbaa n/2
times the speed in a circle at the same distance.

Supposing the orbit to be an ellipse, we shall obtain its major
axis and latus rectum most easily by a different process of integrat-

ing the differential ecjuation. Multiplying it by A'-j- and inte-
rim

rfiAS

grating, we obtain

1

)
+"" "iri'-C-h/iu.

But when H = -g- . t)= V; which givesR

C = -V=-
R

hence -K> i(gy^»i4-'->-i-''- • (^)-

Now to determine the apsidal distances, we must put

dti

de

and this gives us the condition

= 0;

, 2m 2m V» „
(6),

which is a quadratic equation whose roots are the reciprocal* of the
two apsidal distances. But if a be the semi-axis major, and e the

excentricity, these distances are

a(l -«) and a{l+e).

Hence, as the coefficient of the second term of (6) is the sum of

the roots with their signs changed, we have

1
,

1 2m.

or o(l -«=) =— (7).

And the third term is the product of the roots, so that

1 2m V3
.

pr, by (7),

Thus

pnd therefore

a R n '

2 U 2a

2 r 2a

<8).

. (9)-

Equations (7) and (8) give the latus rectum and major axis of

the orbit, and show that the major axis is independent of the direc-

tion of projection.

Equation (9) gives a useful expression for the speed at any
point, and shows that the radius of the circle of zero apc<:d is 2a.

The time of describing any given angle is to be obtained from
the formula,

dd
r'^ = A- ^{mo(1 - «')} > ^7 equation (7).

From this, combined with the polar equation of tde ellipse about
the focus, we have

de
f //aM-c')n 1_

~\/{^a{l-e')}~ W \ M /'l-t-€ccs9)"
•

measuring the angle from the nearer apse.

Integrating, we find the time of describing about the focus an

angle e measured from the nearer apse, in the ellipse or h3T)erbol.T.
expressed as 2/h of the sectorial aica ASP (figure to § 147), which
might have been written down from the condition of uuirorm
moment of momentum.

In the parabola, if d be the apsidai distance, the integral bccomet

[siucec = ], a(l-c) = rf, a{l-e-} = 2d]
,

From the result for the ellipse we see that the periodic time is

2irVf?7;r.

In the notation commonly employed for the further development
of this most important question we write

T = 27r/)1,

where n, which is called the "mean motion," is Vm/o* .

§ 145. By laborious calculation from nn immense series

of observations of the planets, and of Mars in particular,

Kepler was led to enunciate the following as the kine-

matical laws of the planetary motions about the sun.

I. The planets describe, relatively to the sun, ellipses of

which the sun occupies a focus.

II. The radius vector of each planet traces out equjJ

areas in equal times.

III. The squares of the periodic times ot any two pianets

are as the cubes of the major axes of their orbits.

§ 146. We procee'd to the inverse problem of § 8 (6), the Conse-

determination of the force from the observed motions. quenceso'

From the second of the above laws we conclude that jhe ?5'.'£'^

planets are retained in their orbits by an attraction tending
to the sun. If the radius-vector of a particle 'noving in

a plane describe equal areas in equal times about a point

in that plane, the resultant attraction on the particle tends

to that point. For the datum is equivalent to the state-

ment that there is no change of moment of momentum
about the sun, or that the accelerations all pass through
the sun viewed as a point.

From the first law it follows that the law of the intensity

of the attraction is that of the inverse square of the dis-

tance.

The polar equation of an ellipse referred to its focus is

lawit.

W^yil+CCOiS)

where I is the latus rectum

(Pu

d(P
Hence

2« ^= _ cosfl.

and therefore the attraction to the focBS reqmsite for the descrip-
tion of the ellipse is (§ 47)

P=A..(g..) = ?f-V

Bencc, if the orhit be an ellipse described about a centre q/ attrac-

tion at the focus, the law of intensity is that of the inverse square of
the dislaiice.

From the third law it follows that the attraction of the

sun (supposed fixed) which acts on unit of mass of each

of the planets is the same for each planet at the same
distance.

For, in the Ust formula in § 144, T* will not vary as a' unless m
be constant, i.e , unless the strength of attraction of the sun be the

same for all the planets.

We shall find afterwards that for more reasons than one Kepler's

laws are only approximate, but their enunciation was sufficient tc

enable Newton to propound the doctrine of universal gravitation,

viz., that every particle of matter in the universe attracts every olhct

viith an attraction whose direction is that of the line joining Ihcm,
and whose magnitude is as the product of the masses directly and ns
the square of the distance inversely; or, according to Jlaxwell's

formulation, between every pair of particles there is a stress of the

nature of a tension, proportional to the product of the masses of the

particles divided by the square of their distance.

If we take into account that the sun is not absolutely fixed,

then, neglecting the mutual attractions of the ^planets, Kepler's

third law should be stated thus :

—

The cubes of the major axes of the orbits are as the squares of the

periodic times and the sums of the masses of the sun and the planet.



aiECHANICS 7uf

S 147. We will now indicate, as briefly as possible, the

more ordinary transformations by wbicli the preceding

formuUe are adapted (for astronomical applications) to

numerical calculation.

Suppose APA' (fig. 47) to be an elliptic oibit described about _a

centre of attraction in the focus .S. Also suiiposc P to be the posi-

tion of the particle at any time (. n
Praw PM perpendicular to tlie

-'

major axis AC'A', and produce it

to cut tlie auxiliary circle in the
point Q. Let C be the common
centre of the curves. Join CQ.
When the moving particle is at f^

A, tlie nenrest point of the orbit

to .S, it is said to be in " peri-

helion."

The angle ASP, or the excess ^ 'S- ^'•

jof the particle's longitude over that of the perihelion, is called the

"true anomaly." Let us denote it by 9.

The angle ACQ is called the "excentric anomaly," and is gene-

rally denoted by i(. And, if 2jr/« be the time of a complete revol-

ution, nt is the circular measure of an imaginary angle called the
" mean anomaly ; " it would evidently be the ti ao .^ai^naly if the

particle's angular velocity about S were constant.

It is easy fror-i known properties of the ellipse to deduce the fol-

lowing relations between the mean and excentric, and also between
the true and excentric, anomalies:—

nt = u-

tan- - v/(^:)

fsmij.

, etan— .

By far the most important problem is to find the values of 9 and
r as functions of t, so that the direction and lunstli of a pknot's
radius-vector may be determined for any given tiiue. Tliis gene-
rally goes by the name of Kepler's Problem.

Before indicating the systematic development of M, r, and S in

terms of I from our equatrons, it may be useful to remark that, if c

bo so small that higher terms than its square may be neglected,

we may easily obtain developments correct to the first three terms.

Thus
u—nt + esXan,

— nt + es,\n{,nt + e%mnt) nearly,

— nl + fsinn< +ic-sin2)i<.

Also

And

- — l-ecosii,

— 1 -c<io&{nt + esmnt),

-1 - <:cosni-(-4c-(l-co32nJ).

-Vjiuna -«')}.

which may be written

«')»

(l-^ecosfl)» dl̂f
= na=(l -£«)}.

de
or (l,-e=)5(l-(-ccos9)"-^i-H.

Keening powers of < lower than the third,

( 1 - 2<;cosfl -I- 3c'cos29 W -n,

n« - 8 - 2« sin fl + Je'sin 29

;

9-n<-f2csinfl-ic'sin29,

— nl + 2csiu {nl -I- 2(;sin tit) - Jc' sin 2>i(,

— nt + 2csianl + ie''cosnts,innt-le^sin2nt,

— nt + les'iDnt + ic^s'miiil,

or

whence

Kepler's Peodlem.-
'quatioTu

To find r and 9 as /:inctio}l3 of t from, the

tan

r—a{\ — <C03«)

2 V 1-"

«(-K-esin« .

(1);

'2).

(3).

These equations evidently giTC T, 6, and I directly for any assigned

»alue of «, but this is of little value in practice. The method of

solution which is commonly adopted is that of Lagrange, and the

general principle of it is this :

—

Wo can develop 9 from equation (2) in a series ascending by

powers of a small quantity, a function of e, the cocfrieiunts of these

Eowers involving u and the sines of multiples of ti. Now by

agrange's theorem we may from equation (3) express ii, 1 -ecosK,

«inu,9ia2u, &c., iu series ascending by powers of e, whose coetfi-

cients arc sines or cosines of niultipjM of nt. Hence, by substitut-
ing these values in equation (1) and in ti.e development of (2), wC
have r and 9 expressed iu series whose terms rapidly decrease, anil

whose coeffieieuts are smes or cosines of multiples of nt. • This ii

the complete practical solution of the problem. But we must refei

the reader to special treatises for the full development of thii

subject. Compare § 52.

§ 148. We may take an opportunity here of giving 2

sketch of a particular case of the important question ol

" kinetic stability." The general treatment of this subject

is entirely beyond our limits. But we may investigate its

conditions, in the case of a central orbit naturally circular,

by a very slight modification of our equations.

Whatever be the law of central force, provided it depend on th{
distauce alone, we can write the acceleration due to it as

/»"/(")

where u is the now reciprocal of the radius-vector, as in § 144.

The kinematics of the motion is then entirely summed up in tbo

equatious

rf^.
+"-|/(«),and^= /m'.

If 1/(1 be the radius of the circle, the first equation becomes simply

Now let a slight disturbance be given to the motion, such that

h is unaltered, but that it becomes a + x. Theu we have

__ + „ + ^„£/,;„ + ^).

Expanding to first powers of x only, and thereby assuming that

X is always exceedingly small, we have

:anishing by the

ratio u,'h- we ha
the terms independent of evanishing by the condition for a circular

orbit. By eliiuinating the ratio u,'h- we have

To secure stability, x must not be capable of increasing indefi-

nitely. This leads to the result that the multiplier of x in the

above equation must be positive; i.e.,

/C")

For, if the multiplier were negative, the value of x would consist

of two real exponential terms, one of which would increase indefi-

nitely with the angle 9, and would disanpear from the value of x
under special conditions only.

If the multiplier were zero, x would be a linear function of 9,

Hence, in the only case we need consider, we havo

a;—A cos('^-•^*»)'

The radius-vector is therefore a maximum and minimum (i.«.,

apses occur) alternately as the angle 9 increases by successive iu-

Clements each equal to

vr
Suppose the force to vary as the inverse nth power of the distance.

Hcreyi;a)aa''"-, and we have 1- -l-(;i-2)-3-». Thus

n must bo less than 3 ; ».e. , a circular orbit, with the centre of force

in tho centre, is essentially unstable if the force vary as the inverse

third, or any higher inverse power of the distance.

If 11-2, which is the gravitation case, tho apsidal angle is cvi-

dently T.

§ 149. A very curious result, due to Newton, may be

indicated here, viz., that, if any central orbit be made
to revolve in its own plane with angular velocity propor-

tional at each instant to that of the radius-vector in the

fixed orbit, it will still be a central orbit ; and the odditional

force required will be inversely as the cube of the radius,

vector.

•Generally, in a central orbit,
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But snjipose B to liecomo c9,, wliera « is « tonstant, and we hare

which is l^ewton's hypothesis. Tlie ahovc equations become

i'-r6l = P + {,c--iyd], rcd.-h;

or, as thvy may be written,

Prom these the proposition ia obvious.

Other esamples of central orbits will be given wlien we

fliscuss general priucioles, fmcli o^ " least action " and

" varying actioc"

Special Problem. Tlve Bracldstochrf/ne.

§ 150. A celeorated problem in the history of dynamics is

that of the "curve of swiftest descent-,'' as it, was called:—
Two points heing given, ivhich are neither in a vertical

nor in a horizontal lint, to find the atrve joining them down

u\ich a particle sliding under gravity, an.l ef-uriing from
rest at ths Jdgli^r, mil reacli the other in the least iwssible

time

The curve must evidently lie in the vertical plane

passing tLraugh the points. Sov suppose it not to lie in

that plane, project itUJrthogonally on the plane, and call

iorrespondinjr elements of the curve and ite projection cr and

T. Then if a particle slide down the projected curve its

fipeed at cr will be the same as the speed in the other

at 0-. But cr is never lees than cr'. and is generally greater.

Eeacb the time through o-' is generally less than that

through cr, and never greater. That is, the whole time of

falling through the projected curve is lass than that through

tlie curve itself. Or the required curve lies ia the vertical

plane through the points.

Also it is easy to see that, if the time of descent through

the entire curve is a minimum, that through any portion

of the curve is less than if that portion were chfli:g«d into

any other curve.

•Condi- And it is obvious that, letioeen any tivo contigvMtf eqwU
'lio"'* (o^ values of a continuously varying quantity, a maximum or

minimum Tmtst lie. [This principle, though excessively

simple (witness its application to the barometer or

thermometer), is of very great power, and often enables us

to solve problems of maxima and minima, such as require,

in analysis, not merely the processes of the differential

calculus but those of the calculus of variations. The
present is a good example]

Let, then, PQ, QR and PQ', Q'R (fig. 48) be two pairs

of indefinitely small sides of polygons such that the time'

of descending through either pair,

starting {'•ozi P with a given speed,

may be equal. Let QQ' be hori-

zontal, and indefinitely small compared

with PQ and QR. Th" brachisto-

chrone must lio between these paths,

and must possess any property which

they possess in common. JJeiice If v

be the speed down PQ (supnosed p
uniform) and v that down QR, draw-

ing Qm, Q'n perpendicular to KQ', PQ, we must have

Qn_Q'm

^''w If 5 be the inclination of PQ to the horizon, & that

of QR, Q)i = QQ'cos^, Q'n4 = QQ'cos6'.' Hence the above

equation becomes
cos9_cosff'

This is true for any two consecutive ehments of the

required curve; and therefore throughout the curvo

rot cos 9.

But «>^ DC vertical distfnc« fallen through (§ 28). Hemse

> nazL'

the curve required is su'-h that the cosine of the &ng1e it

makes with the horizontal line through the point of

departure varies as the square root of the distauce from

that line,—which is easily seen to be a property of the

cycloid, if we remember that the tangent to that curve is

parallel to the corresponding chord of its generating circle

For in fig, 45, §137,

cosBP'JI = cos3AP' = |^'= ^jgocVAW.

The brachistochrone then, under gravity, is an inverted

cycloid whose cusp is at the point from which the particle

descends.

§ 151. Whatever be the impressed forces, reasoning

similar to that in last section would show that the oscu-

lating plane of the brachistochrone always contains the

resultant force, and that

\ d'cos 9—r cos 9",

-hero 9 is now the complement of tha-acgle between the

curve and the resultant of the impressed forces.

Let that resultant= F, and let the element PQ

=

Is, and e' = ff + 19

Then
e'2_,.= = 2FSssin3,

or' 1 roi = F5ssmC.

Cut ii^cosff ; which gives

Ji)

Hence '- -Fcosd.

Is

F'« 4S

But in the limit--— p, the radius of aosoiute curvature ui y;

nud Ffloaf is the nonual component of the impressed forcet

Hence 'we obtain the result ihiti, lu auy brachistochrone, th%
pressure on the curve is double of that due to the forco acting.

§ 152. Now for the unconstrained path (ruiu f lo K we havcyid^

a minimum (g 2C'2). Henco in the same way as before, <f>
being tho

atigie corresponding to 9, iH-os^—r'cos*' from element to element,

and thcrrfore Lhiuughoul the curve, if the direction of the force be

constant. Now, if the velocities in the unuonstmiDed and br«ch!9^

tochrone paths be equal at any equipotential surface, they will ba

equal at every other. Hence, taking tii« acgles for auy equipoten-,

tial suriace,

cos9cos0 = constant

As an example, suppose a parabola Tith its Tertox upwards to

have (or directrix the baa© of an inverted cycloid ; these curves evi-

dently satisfy the above condition, the one being the free path, the

otlier the brachistochrone, for gravity, and the veJocitieB being iu

each due to the same horizontal line. And it is seen at once that

the product of tho wxdnea oi the- angle* which they make with any

horizontal straight line which cuts both is a constant whose mag-

nitude depends oc those of the cycloid and parabola, its value being

V/Tia, whe'e \ is the latna rectum of the parabola, and a the

diameter of the generating cii-cle of the cycloid.

Kinetics of a Particle Generally.

% 153. Here we mast content ourselves with a few special Genar*.

eases, which will be varied as much as possible. «iimp!e.

A unit particle move." on a smooi/i curve, under the action of any
"ystem oj forces; find the ^notion.

All we knew dirwtjy about the pressnre R on the ciur* is th&t

it is perpendicular to the tajigent line at any point.
_ _

>

Resolve then the given forces acting upon the particle into thre'j,

—one, T, along the tangent, which in all cases in nature will be a

function of x, y, z and therefore of s ; another, N, in the lino of

intersection of the normal and osculating planes (or radius of abso-

lute cnrratore), audthe third, P, perpendicular to the osculating

pla.ie.

Let the resolrea parts of R in the directions of N and P be R„
K,. Now the acceleration of a point moving in any manner is com-

pounded of t«ro acceleration, one - for*-^ along the tangent to
dl- an

the path, and tli» other — towards the centre of absolate cuiTS-

ture, the acceloration perpendicular to the osculating plane being

zero ; and therefore

^?_T (IJ.
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This equation, together with the two equatious of tlie curve, is

BulEcieat to detciminc the motion completely.

Also 'E, +N (2).

Kj and N being consiJereJ jiositive when acting towards the centre

of absolute curvature ; this equation detcrmiues R,.

Now Rj is the reactiou wliich prevents P's withdrawing the

particle from the osculating plaue ; and therefore

Kj=-P (3).

(2) and (3) Rive the resolved parts of the pressure on the curve.

AlsoR=\/{Ii"i + Kj),anditsdirectionmakcsanangIe=tau"'(l{;/R,)
with She osculating plane.

< If the result of the investigation should show that at any time R
could vanish, the particle must be treated as free until the equations

of its free motion show that it is again in contact with tlie curve.

fnrticio' A parlkle moves, under givcii/orccs, on a given siiioolk suifuce;

on to determine the motion, and the pressure on the surface.

^:l I-et F(.,,,.-).0 (1),

be the eqnution of the surface, R the reaction, acting in the normal

to the surface, which is tlie only elfect of the constraint. Tlien, if

A, n, V be its direction cosines, wu know that

of tlio tension of tlic strins must support the weight of

the bob; i.r.,

Tcosa = )«(/,

where a is tlio inclination of the string to the vertical.

Also the liorizontal component of the ten.siou must supply

the force wV^/R (^ 49) requisite for the productiou of

the curvature of the patii, i.e.,

lsina = );i7-

—

lama

Eliniiuating ns/T from these equations, we have

COSO _ fjl

sin-'a V-

'

•

But, if T be tbo tiino of revolution of the bob,

VT = 27r^sino .

COSa fil
Ilouce

/1 cos a
.T = 2ir a/ ;

V g

_ IS
(2),

with similar expressions for /i and y, the dilTiTcntial cocffieiouts

being partial.

, If X, Y, Z be the applied forces on unit of mass, our equations

of motion are, evidently,

i-Z + R;-)

(3).

^ naltiplyiog equations (3) respectively l>y i, i), :, and adding, wo
obtain

iX+f/i/ + i: = vi^Xx + \'j + Zz .... (i).

R disappears from this equation, for its coelRcient la

>J: + lii/-Vyz

and vanishes, because the line whose direction cosines are propor-
tional to X, &c., being the tangeut to the path, is perpendicular to

the normal to the surface.

.•If we suppose X, Y, Z to be a conservative system offerees, the
integral of (4) w ill be of the form

f.ir^,p[x,i/,z) + C . (5),

and the velocity at any point will depend only on the initial cir-

cumstances of projection, and not on ihe form of the path pureued.
To find R, resolve along the normal, then

e'/p-XA + Y/i-fZi' + Pv,

which gives the reaction of the surface; p being the radius of cur-
vature of the normal section of the surface through the tangent to
the patB, and the mass of the particle being taken as unity.

To fiml the curve which the particle describes on the surjucc.
For this purpose we must eliminatt R from equations (3). Ey

this process we obtain

tzljLzl^is^
(6),

two equations, between which if t be eliminated, the vesiiU is the
differential equation of a second surface intersecting tlie fii'st in tlie

curve described.

If there be no applied forces, or if the component of the ap-
plied force in the tangent plane coincide with the direction of
motion of the particle, then the osculating plane of the path of the
particle, which contains the resultant of R and
the applied force, will be a normal plane, and
therefore the path will be a geodesic on the surface.

. Thus a particle under no forces on a smooth (or
rough) surface will describe a geodesic.

§ 154. An excellent and important ex-

ample is furnished by the .simple pendulum,
when its vibrations ara not confined to one
vertical plane. When the bob moves in a
horizontal plane, the arrangement is called a
"conical" pendulum, and it is a very simple matter, as

follows, to find the motion. For the vertical component

Y\i. 40.

i.e., the conical pendulum revolves in the period of the

small vibrations of a simple pendulum whose length is the

vertical component of that of the conical pendulum (§ 134).

To caiTy the investigation to cases in which the )ieudulum de-

scribes a tortuous curve, we require (exce})tfor approximate results)

the use of elliptic functions. We thus obtain, among others, tlio

following results :

—

The motion will be comprised between two horizontil circles. Let
tlie depths of these circles below the centre he i + c and b-c;
then the vertical motion of the bob of the pendulum will bo the

same as that of a point on a simple pendulum of length Pjc ]ior-

forming complete revolutions in the same periodic time as the

spherical pendulum.
But for one of the most important applications the deflexion

from the vertical is always very small, and it is easy to obtain a

sulliciently accurate working approximation without the use of

elliptic functions If we put p and q for the scniidianictci-s of

the small elliptic orbit which will tlicu be described by tlie lien-

dulum bob, we find for the apsidal angle

t-n----)-
Hence, when a pendulum is slightly disturbed in anyway, the motion
is to a first approximation elliptic as in § 50. But the second
approximation shows that this ellipse .otatcs in its own plane, .and

' in the same sense as that in wliich it is described, with an angular
Velocity proportional to its area. Hence the necessity for extreme
care, in making Foucault's experiment (presently to be described),

lest the patli should even slightly deviate from a vertical plane.

§ 15-5. Another very important and useful example is Blackbur»

•furnished by Blackburn's pendulum, which is simply a penJu-

pellet si^ported by three threads or fine wires knotted "'"

together at one puiiit C (fig. 50). The two ojhcr ends of

two of them are attached to fixed points

A and B, and the tliird supports the

pellet P. The motion of P is virtually

executed ou a smootli surface, whose

principal curvatures near the lowest

point are 1/CP in the [ilane of the

three threads, and l/PE in tlie plane

perpendicular to them,—E being the

intersection of the vertical through C
with the line AB. Hence for small

disturbances of this system, P has a

sini[ile harmonic motion in the plane

of the paper whose period is '2ir JCV/j, and another at

right angles to it, with period 2t n/PEm/- The amplitudes

of these motions are arbitrary, and, with the diderence of

phase, depend entirely on the initial disturbance. Thus
we have a very simple mechanical means of producing the

combinations treated in § G3; for wo have only to make
PE:PC: :a,»:u.'-,

and give the bub its proper initial motion.

§ 150. When CE is very small compared with CP, wo
have a realization of the case of § CI, in which the
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Xissa-

joux's

tuning.

forks.

.Foucattlt

pendu-
jam.

orbit ia (at any in'stant) an ellipse, but in which the ellipse

gradually changes its form and position, so as to be always

inscribed in a definite rectangle. This experimental arrange-

ment is exceedingly i.istructive. To avoid as far as may
be the effects of resistance of the air, the vibrations should

be slow, i.e., the wires should be as long as possible.

The bob should be a ball of lead, containing a tube full

of ink which slowly escapes from a fine orifice at its lower

end, so as to make a permanent record of the path on a

sheet of paper placed below the plane of motion of tlie

bob, but parallel and very close to it. Or, the bob may
be furnished with a spike at its lower end, from which
induction sparks may be taken so as to pierce a sheet of

piper laid on a copper plate below it.

By mere alterations of the point of suspension A, tha

ratio of w, o>' may be varied nt pleasure, provided that AC
and BC are long enough compared with CP.

§ 157. Lissajous pruduced similar curves by attaching

plane mirrors to the legs of tuning-forks, and allowing a

ray of light, after successive reflexions from two sue i mirrors,

to fall on a screen. But it seems to have been first pointed

out much earlier by Sang, and afterwards developed by
Wheatstone, that the same result is obtained by fixing firmly

one end of a steel rod, and setting the free end ;n vibra-

tion. There are two planes of greatest and least flexural

rigidity (§ 274) in all wires, however caTcfully drawn.

These are at right angles to one another ; and the motion of

the free end of the wire when slightly disturbed is there-

fore precisely that of the bob of the iJlackburn. pendulum.
Another interesting mode of producing the same result is

by causing a ray of sunlight to be reflected in succession

from four mirrors, all attached, nearly at right angles, to

parallel axes. One pair is made to rotate, the two in

opposite directions, with ono angular velocity. A ray

reflected in succession from these is (§ G5) me.de to

oscillate according to the simple harmonic law, in a plane

which can be varied at pleasure by altering the relative

position of the normals to the two mirrors. The other

pair of mirrors supplies the other simple harmonic motion,

also in any desired plane.

§ 158. We must next consider the effect of the earth's

rotation upon the motion of a simple pendulum. Strange
to say it was left for FoucauU to point out, in February

1851, that the plane of vibration of a simple pendulum
suspended at either pole would aj^pear to turn through
four right angles in twenty-four hours,—the plxne, in

fact, remaining constant in position while objects beneath
the pendulum were, carried round by the diurnal rota-

tion. At the equator, it was pretty obvious that no
such effect would occur, at least if the original plane of

vibration was east and west. By some process, of which
lie gives no account, Foucault arrived at the result tha^ the
plane of oscillation must, in any latitude, appear to make a
complete revolution in 24* x cosec latitude. This curious

result has been amply verified by experiment.

The equations of motion of the pendulum, referred to rectangular
nxes fixeJ in dirc-tion in space and drawn from the earth's centre,
the polar axis being that of s, are obviously

d-x n^x-a _

with similar expressions in i/ and s (rr, b, c being the coordinates
of the point of suspension, T the tension, I the length of the string,
and X, Y, Z the components of gravity).

The equations of motion referred to a new set of axes parallel to
the former, but drawn through the point of suspension, are

<P(~-a) x-a ( cPa\__T-
&C. =&c

(^-")j

Let us now refer the motion to axes turning with the earth, but
drawn from the point of suspension. If the axis of J be drawn
vertically, and the axes of t;, i respectively southwards ana east-

wards ; and if at be the angle at time I between the planes of a
and {tj, k being the co-latitude of the pomt of suspension, we hava
(assuming that {jntersects ;)

cosarf— sin\cosa?«,

C031/J — sinA.sincii<,

cos;{ = cosA, &c
By means of these expressions we can at once find the values of

x-a, y-b. i-cin terms of {, i;, f, I, as follows :

x-a — {sin Xcosoji -I- t/cosacos ut - fsin ut
,

y- 6 = {sin\sin oiJ -h Tjcosxsin cD< -^ fcosai/,

s-c=-{c08\ -ijsinA.

Let 7 bo the acceleration due to the attraction of gravity a1oiM,>'

and V the angle (nearly e ; -al to K) which its direction makes witly
t)ie polar axis. [We have above in effect assumed that its directionf
lies in the plane of ;J, as we have assumed that the axis of p
intersects the polar axis, wliile we know that the centrifugal force
lies in their common plane.] Let r be the distance of the point of
suswnsion from tlie earth's centre, jl the angle its direction makes
with tho'polar axis, 'i'lien

rt — rsiu/ucosoii, 6 = rsinfisina!?, c — rcos^.

With these data we transform equations (1) from x, y. z to {, t), f
The equations immediately obtained are inconveniently long foc

our columns. But they are easily simplified as follows.

We contemplate small vibrations only; so we may treat { a4

being practically equal to -I, and omit its differential coelTicients.

We aKo omit powers end products of ij, f, and all terms in »',

except those in which it is multiplied by a lart'e quantity. For it

is known tliat the centrifugal force at the equator is about l/289lh
of gravity, or that approximately

"With these considerations, and the condition that to the degre«
of approximation desired wo have T= m3, we still further.simplifj
our equations. We are led to recognize that 7C0S
thus we have finally

^f-^2„cosA^ +

= gcos\; and

(y

dl dt
f=0

.e^=o (3),

These are the equations of the motion of the bob, referred to
horizontal plane fixed to the earth. The middle terms obvionsljr

depend upon the earth's rotation.

To interpret equations (2) It is convenient to' employ a second
change of coordinates—to refc the motion to axes revolving uni-
formly in the plane of t;. f, with angular velocity fi. If p, 5 be the
coordinates referred to the new axes, we have by analytical geometry

»j = Bcosn<-?sinn<, f=psinfW-f jcosfM.

the substitution of which in (2) leads to the equationa

^ £? n ^'

provided we take n=-aicosA (i)

and omit as before temis of the order a'.

(4) shows that the new axes rotate, in the opposite direction to tba
of the earth, with the component of the earth's angular velocil;

about the vertical at the place. And, in the plane so revolving

we see by (3) that the bob of the pendulum describes an approxi

mately elliptic orbit, of which a stniight line is a particular case.

A circular path being obviously possible, let us assume as par-

ticular integrals of (2)

ij".ccos(f<4-a), f-csin(p«-l-a).

The substitution of these values gives the same result

in each of equations (2).

Put gll = n^, then the values of p are, to the degree of approxi

,

mation above employed, ±n- mcosa, so thattbe(apparent)angula'

,

velocity of a conical pendulum is increased or diminished byoiCOsA
according as its direction of rotation is negative or positive.

§ 159. The preceding problem is a particular case of the

following generaJ one. To find the motion of a partidt

subjected to the action of given forces and %i.nder varying

constraint. It would lead us to details incompatible witb

our limits to enter upon a full discussion of so wide a

question, but we give one or two simple and useful cases

to show the commoner forms of procedure.

A particle under any forces, and resting on a smooth horizontal

plane, is attached by an inextcnsihle siring to a point which move^
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i« a r/ivcn maimer in thnt plane; to determine the motion of the

particle.

Let X, »/, i, y be tlie coouUnates, at time t, of the particle antl

poiiit,-n the length of tlic string, K tliQ tension of tlio string, and
m tlie mass of t!ie particle.

For the motion of the particle wo Lave

di- a /

at- a '

. (1),

with the conOition (1-4)' + (!/-$)' = «-.

Now X, a are given functions of t. Take from both sides of the

equations (1) the quantities '» -j-ji "'7-I'. respectively, niiJ we

have the equations of relative motion

d-lx -

dl-

dC

re at- i

aV-y
(2).

These are precisely the equations we should have had if the point
Mdljeen lixed, and in addition to the forces X, Y, and R acting on
the particle, wo had apjilied, reversed in direction, the accelerations

of the point's motion with the mass as a factor. It is evident that
the same theorem will hold in three dimensions. The accelcr-

Btions -—
. , —^ are known as functions of t, and therefore the

• at* dt'

equations of relative motion are completely determined.
Let tliere be no impressed forecs, and suppose first Hunt the point

moves with constant velocity in a straight lino.

Here -—
, -^ are constant, and therefore no tei-ms are intro-

at dt

duced in the equations of motion.
Again, suppose the point's motion to he hctilincar, lut uniformly

accelerated.

The relative motion will evidently be that of a simple pendulum
from side to side of the point's lino of motion. In certain cases,

when the angular velocity exceeds a certain limit, we shall have
the strin" occasionally unteuded ; and this will give rise to au
impact when it is again tended. While the string is uateoded the
particle moves, of course, in a straight line.

Huppose the point to move, with coiuttant angular Telocity u, in a
circle whose radius is r and centre origin.

Here, supposing the point to start from the "''"^ of a,

£ = rcosiot, y = rs'mat.

Hence th'e equations of motion are, since

--R^^+««f,

'

a

__ R— + „V,

{x-Jif + [y-y)''~a\

'Whonco (x-i)
<r-(y-S )

dt'
<.y-S)

dHx-£)
dt'

-<,'{(.x-x)9-{y-s]i\;

•r, in polar coordinates, for the relative motion,

d'le - ut)

dt'
-«'— 8hi(9-(i»0.

a

Now B-utis the inclination of the string to the radius passing
through the point ; call it (p, and we hava

d?<l> ^r . .

the equation of motion of a simple pendulum whose length is £^ .

The particle therefore moves, with reference to the uniformly
revolving radius of the circle described by tho point, just as a

liuiplo pendulum with reference to the vertical.

A particle moves in a smooth straight tube which revolves with
•O'istarU angular velocity round a vertical axis to which it is perpen-

iicular ; to determine the motion.

Here, referring the particle to polar coordinates in tho plane of

notion of the tube, we have 0-coDstaut-u, P-0 (§47), and

thus for the acceleration along the tube

r-ru'=0;

whence » = Ae*"' + E£""'.

Suppose the motion to commence at time < = Ijy the cutting ol
a string, length a, attaching tlie particle to the axis. The velocity
of the particle at tliat instant along the tube is zero. Hence at t='o

r = (i = A+B,
,. = = A-B;

sothat A = B = J«, and r =--*«'£"'+ £-"').

In fig. 51 let OM be the initial position of tlie tube and A that
of the particle, and let OL and
Q be the tube and particle at

time*. TiienOA = «, arcAP = f(a)<,

OQ = ), and we have

nvcAP arc AP
OQ = iOA(£ OA +g o.v ).

From this we see that OQ and
the arc AP are corresponding
values of the ordinate and abscissa
of a catenary whose parameter is

0.\. Here the vertical pressure ''S- "'•

on the tube is equal to the weiyit of the particle, while th»
horizontal pressure is

m d , „,. „ , „ , ,- —-^^(r^) = - "maf= - muMS"' - 8""
)•

From this equation, combined with the value of r, we easily
deduce for the horizontal pressure the value

imw-\/ir'^-a-),

and it is therefore proportional dt any instant
to the taoigeut drawn from Q to the circle
APN.

Let the tube be in the form of a circle

turning with constant angular velocity about
a vertical diariKtcr. Let AO (fig. 52) be the
axis, P the position of the particle at any
time. Let POA^ 8 denote the particle's posi-
tion, and R the pressure on the tube in tho direction of OP.

We have

Eliminating R,

(f'cosfl
-gi-RcosS,

-£u'asin9= -R.sinff,

d'B
rt-iTj - nai-sin flcosfl =

Ths position of equilibrium will therefore be given by

sinfl-=0; or by 8 = 7, where cos7=-^ .

Integrating (1),

(

dB \'

jrj =C + 2ai'cos7COs9-(i)'

0).

12),

Suppose the particle to pass through the lowest point with
velocity a«i , we have

i'di)
'""f-2'"'<:oS7(l-cos9) + w'sin«9

I

(1 -C0S7)' +^ -(cos9- C0S7)'
j

,

dg_
and —can never vanish if ^>4cos7, or ai?>-?, that is, if th»

dt u' a
velocity at the lowest point be greater than that due to the level of

the highest point.

\i u\<~, the particle will oscillate; and, if -=- = 0, when0-a." dl

then
\'di)

" ~^'^°^^ ~ coso) - »i'(cos'* - cos'a)

,

— »'(cos9-cosa)( —^-coso - cosfl 1

,

— 0l'(C03ff-C03tt)(2C0S7-C0SO- COS 8);

and therefore, if 2cos7-co3a>l , the particle will oscillate through
the lowest point.

If 1 >2co37-cosa> - ], then, putting

2 cos y - cos o — cos )S

,

\dt) "'''('3='^-'=os»)(cos/8-COse),

and the particle will oscillate on one side of the vertical diameter

XV. — 90
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In each of these three cases the comjilcte solntion of the lirohlem

can bo" exhibiled in terms of elliptic functions. In the last two

cases, wheD the arcs of oscillation are very small, a sutCcient solu-

lion mav easily be obtained by the usual methods of approxima-

tion. "This is a particularly instructive example.-

§ 160. As a final example of constrained motion of a

particle, let us iitid tlio form of a curve Such

that a particle will slide down any arc of

it, from tbo origin, in the same time as

down the chord of that are. If OA, OB
^fig. 53) be any two chords, it is plain

that the difference of the times down these

chords must be equal to the time of

describing the arc AB. But, if OA make
an angle 6 with the vertical, the time of descent along it is

/20A

S-
K3.

And the velocity at A is ^/2</OAcos9, so that the time

of describing AB (considered as infinitesima!) is

AB/v'^yDAcoTe

.

If we pnt r for OA, onr condition gives at once

rfy

!L / ^'' - '^^
.

d» V geose ^/-Zgreose

where s is the length of the arc OA. This equation is

easily integrated, and the resulting relation is

r- = n-siu29,

•which belongs to the well-known lemniscate of EernouUi.

From its form we see that the vertical line from which d
is measured is a tangent at O ; so that the qiotiou in arc

commences vertically

aMsturbed § TGI. To complete this elementary sketch of the dy-
motion. namics of a single particle we take an instance or two of

" disturbed motion." The essence of this question is usually

that the disturbing forces are, at any instant, small in com-
parison with the forces producing the motion ; .=o that,

during any brief period, tie motion is practically the same
as if no disturbing cause had been at work. But, in time,

the effects of the disturbance may become so great as entirely

to change the dimensions and form of the orbit described.

The mathematical method which has been devised to meet
this question depends upon what has just been said. The
character of the path is not, at any pArticular instant,

aff'ected by the disturbance ; but its form and dimensions

are. Hence, as the first depends upon the form of the

equations which represent it, whild the latter depend upon
the actual and relative magnitudes of the constants

involved, we settle, once for all, the form of the equation

as if no disturbing causa had acted. But we are thus

entitled to assume that the constants which it involves are

quantities which vary with the time in consequence of the

slight, but persistent, effects of the disturbance. And, as

we know that, if at any moment the disturbance were to

cease, the motion would forthwith go on for ever in the

orbit then being described, we may assume that in the ex-

pressions for the components of the velocity no terms occur

depending on the rate of alteration of the values of the

constants. This, as will be seen below, very much simpli-

fies' the mathematical treatment of such questions.

,
Suppose a cycloidal pendulum, or a sbnple pendulum vibraiiiyg

through vety small arcs, to be' subjected to a simple harmonic dis-

turbance in the direction of its motion. The equation of motion
will obviously be of the form

6 + n'-O =• Kcosmt

,

where «= = //y , as in § ! 34

.

The integral of this equation is

m^ - n'

We see then that the result is the superposition of a new simplo

harmonic motion on the natural simple harmonic motion of tlia

undisturbed bob, and that it Is altogether independent of the
amplitude and phase oi the undisturbed motion. So long as the
disturbance is very small, this new part of the motion may be
neglected, unless m is very nearly equal to n. For in that case the
amplitude of the disturbance may become much greater than that
of tne original motion. AVheu vi is equal to )i, the integral changes
its form, and nc have

fl = Pcos(ii«-HQ) + A|-siuii(.

This shows that, in the special case of a disturbance of

the same period as the undisturbed motion, the nature o^

the motion, is entirely changed. Thus, suppose the pen-

dulum to be at rest at its lowest point when the disturb-

ance is applied ; then we liave merely

6 = A— sinii^,

a simple harmonic motion whose amplitude increases in

proportion to the time elapsed since the disturbance com-

menced.

§ 162. As another illustration, stippose the point of sits-

]iensio)i of a simple pendulum to have a simple harmonic

^notion of small amplitude in a horizontal line.

Here the equations of motion are (to horizontal and vertical a*ca)

Poln* o*
i.U9peB-
Bion <il»-

turbed.

Miy mg-Tj.

But if we su]ipose the oscillations to be small, we may write i - f
=

IS, y = l, where I is the len^h of the pendulum, and the angle it

makes with the vertical. Then we have

X =W + ^=ld + Acosmt, suppose, audi^-O.

Hence vifj = T,

and lS + A.cosmt= -g9,

which is precisely the equation of the preceding investigation.

.We see from this how to explain the somewhat puzzling

phenomenon which we observe when we produce complete

rotations of a stone la a sling by a comparatively triding

motion of the hand. All that is necessary is that the

hand should have a slight to and fro horizontal motion, in

a period nearly equal to that in which the sling and stone

would vibrate as a pendulum. This result of particle kine-

tics is (like that in § 161) of great value in other branches

of physics, especially sound, light, and radiant heat.

To illustrate the gcner'al principle, let us take the case of one
degree of freedom. Then the equation of motion of an unit mass
must be of the form

§ = + 01,

where represents the normal force, and 9, the abnormal or dis-.

turbing force. Leaving out 0, for the moment, let the integral of.

tf = be »
e=/Ia, 0, t),

in which a and are two arbitrary constants. "We may now sup-

pose a and j3 to be variable in such a way that the equation shall

still be satisfied by this value of 9 when the disturbing forces are

included. This imposes only one condition on the two independent

quantities a and 0, so that to determine them completely w» mn.st

impose a second. This we do, as already explained, by making ttie

expression for the speed independent of the rates of alteration of

a and 5,. and we gam the advantaje that our solution will accord

at every instant with what would be the actual future motion i$

tlu) disturhiDce wo'c .'suddenly to cease The speed is

We therefore a.ssurae

r{a)h+f{0]& = O.

Taking account of this and differentiating again, we hare

Hence we have, for the determination of a and $, the cquatinna

Motloa
ofaaUwi

DlsturlM
ance
generall:

d «... dcL d „,..

dJ^'^-al^T/^'^
-e,,
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These give tlie values ol^aad'^, and so completely solve Uie

I'roblem.

§ 163.' Iq a somewhat similar way we may treat tlie

effects of a slight disturbance, made once for all, in the

motion of a particle describing a definite path under given

sprees. A single example must suiEce.

Thus, -vve have ia an elliiitic orbit about th» loeiu, £ 144 (9),

•1 r 'ia

At the end of the major axis farthest from the focus this becomes

V^--^ — .

(I 1 +<;

Vowif at this point V be made V + 5V, without change of direc-

Hod, we have the condition that in the new orbit «(!+<;) shall

havfl the same value as in the o\\, since this will still be the

apsidal distance.

«{n(l+e)}=0;

a 1 +<;

Hence

and

2VSV-

U'

•*nd

V!
Sa=

5V,

l+<
5c.

V(f l^:)"'

stress

iH'tWfi'I

piirtiflc

iiii-

llHMltH

lilr.f

;l\v

which determine the increase of the major axis and the diminution

of the exccntricity ; and tho same method is applicable to more
complicated cases.

A very excellent series of examples of the elementary

geometrical treatment of disturbed orbits is to be found in

Airy's Gravitation.

Third Law Kinetics of Two or More Particles.

§ 164. We have, by means of the first two laws, arrived

at a definition and a measure of force, and Lave found how
' to compound, and therefore how to resolve, forces, and also

how to investigate the conditions of equilibrium or motion
of a single particle subjected to given forces. But more is

required before we can completely understar.J the more
complex cases of motion, especially those in which we
have mutual actions between or amongst two or more
bodies,—such as, for instance, tensions or pressures or

transference of energy in any form. This is perfectly

supplied by the third law, on which Newton commeuts
nearly as follows.

* § 165. If one body presses or draws another, it is

pressed or drawn by this other with an equal force in the

opposite direction. If any one presses a stone with his

finger, his finger is pressed with an equal force in the

opposite direction by the stone. A hoiso, towing a boat

on a canal, is dragged backwards by a force equal to

that which ho impresses on the towing-rope forwards. Ity

whatever amount, and in whatever direction, one body has
its "motion" changed by impact upon another, this other

body has its " motion " changed by the same amount in the

opposite direction ; for at each instant durini^ the impact
they exerted on each other equal and opposite pressures.

When neither of the two bodies haa any rotation, whether
before or after impact, the changes of velocity which they

experience are inversely as their masses. When one body
attracts another from a distance, this other attracts it with
an equal and opposite force.

§ 166, We shall for tho present take for granted that tho

mutual action between, two particles may in fivery ca.se bo
imagined as composed of equal and opposite forces in tho

straight line joining them, two such equal and opposite

furLca constituting a " stress " between the particles. From

this it follows that the sum of the quantities of motion, Conser-

parallel to any fixed direction, of the particles of any ^»""o <>'

system mttuuiicin':; one another in any possible way,
^^^^ ^j

remains unchanged' by their mutual action; also that the of momenf

sum of the moments of momentum of all the particles of mom?w

round any line in a fixed direction in space, and passing t"*™''

through any point moving uniformly in a straight line in

any direction, remains constant. From the first of these

propositions we infer that the centre of mass of any system

of mutually influencing particles, if in motion, continues

moving uniformly in a straight line, except in so far as

the direction or speed of its motion is changed by stresses

between the particles and some other matter not belonging

to the system ; also that the centre of mass of any system

of particles moves just as all their matter, if concentrated

in a point, would move under the influence of forces equal

and parallel to the forces really acting on its different

parts. From the second we infer that the axis of resultant

rotation through the centre of mass of any system
^

of

particles, or through any point either at rest or moving

uniformly in a straight line, remains unchanged in direc-

tion, and the sum of moments of momentum round it

remains constant, if the system experiences no force from

without, or only forces whose resultant passes through the

centre of inertia of the system. This principle is some-

times called "conservation of areas." a very misleading

designation.

§ 167. Newton's scholium, which we treat as a fourth conse-

law, points out that resistances against acceleration are to ^g^vto*Q'?'

be reckoned as reactions equal and opposite to the actions scholium

by which the acceleration is produced. Thus, if we consider

any one material point of a system, its reaction against

acceleration must be equal and opposite to the resultant of

the forces which that point experiences, whether by the

actions of other parts of the system upon it, or by the

influence of matter not belonging to the system. In other

words, it must be in equilibrium with these forces. Hence

Newton's view amounts to this, that all the forces of the

system, with the reactions against acceleration of the

material points coni posing it, form groups of equilibrating

systems for these points considered individually. Hence,

by the principle of superposition of forces in equilibrium,

all the forces acting on points of the system form, with

the reactions against acceleration, an equilibrating set of

forces on the whole system. This is the celebrated
J^^^j',|™-

principle first explicitly stated and very usefully applied priacipie-

by D'Alembert in 17'12, and still known by his name.

§ 16*8. Thus Newton lays, in an admirably distinct and
fif/Jf"^

compact manner, the foundations of the abstract theory of energy.

"energy,'" which recent experimental discovery has raised

to the position of the grandest of known physical laws.

T7e points out, however, only its application to mechanics.

The actio agentis, as he defines it, which is evidently

oqui^uhnt to thb product of the effective component of

the force into the velocity of the point at which it acts,

is simply, in modern English phraseology, the rate at

which the agent works, culled tho "power" of the agent

The subject for measurement here is precisely the same as

that for which Watt, a hundred years later, introduced the

practical unit of a " horse-power," or the rate at which an

agent works when overcoming 33,000 times the weight of

a pound through the distance of a foot in a minute,— that

is, producing 050 foot-pounds of work per second. The
unit, however, which is most generally convenient is that

which Newtons iietinition implies, namely, the late of

doing work in which the unit of work or energy is produced

in tho unit of time.

§ 169, Looking at Newton's words in this light, we see

that they rray be conveitcd into the following :

—

" Work done oa any system of bodies (in Newton's
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Conser-

ative

Ijstem.

KeVtoiTs Statement, tlie pirts of any maeTiiiic) lias its equivalent
fehpUnm. in work done against friction, molecular forces, or gravity,

£f there be no acceleration ; but if there be acceleration^

part of the work is exijcndcd in overcoming the resistance

lo acceleration, and the additional kinetic energy developed
jis equivalent to the work so spent."

NVben jiart of tlie vrork is done against molecular forces,

^s in bending a spring, or against gravit)-, ns in raising a

Jveight, the recoil of the spring and the fall of the weight
(ire capable, at any future time, of reproducing the work
originally expended. But in Newton's day, and long after-

wards, it was supposed that work was absolutely lost by
friction.

§ 170. If a system of bodies, given either at rest or in

jBiotion, be influenced by no forces from without, the'sum of

the kinetic energies of all its parts is augmented in any time

by an amount equal to the whole work done in that tiriie

by the stresses which we may imagine as taking place

between its points. When
, the lines in which these

stresses a'ct remain all unchang'Sd in length, the- sum of

the kinetic energies of the whole system remains constant.

If, on the other hand, one of these lines varies in length

during the motion, the stress in that liye will do work or

will consume work, according an the distance varies witl>

'^ against it.

§ 171. Experiment lias shown tliat the mutual actions,

between the parts of any system of natural bodies always

perform, or always consume, the saine amount of work
during any motion whatever, by which the system can

pass frorn one particular configuration to another ; so that

each configuration corresponds to a definite amount of

kinetic energy. Hence no arrangement is possible in

which a gain of kinetic energy can be obtained when the

system is restored to its initial configuration. In other

words, " the perpetual motion " is impossible.

Potential The "potential energy" (§ 113) of such a system, in the
^e?gy. configuration which it has at any instant, i« the amount of

work that its mutual forces perform during the passage

of the system from any one chosen configuration to the

configuration at the time referred to. It is generally

convepient so to fix the particular configuration chosen for

the zero of reckoning of potential energy that the potential

energy in every other configuration practically considered

ehall be positive.

As particular instances of this we may notice many of

the re'sults alreSidy given : for instance, the ordinary expres-

fiiou for the velocity acquired by a falling stone (§ 28),

^v^= gx; for here ^mi" is the kinetic energy acquired,

vhile m(/.x is the'work done by the weight (ntp) during the

fall. Similarly-, we have in the motion of a planet, the ex-

/ 2 1 \ , ,
'•^ - r; m/ji ,

pression!;2_^( i which leads to m ——
";,: vi

~ '")•

Here — is the " mean value" of the force fot distances from

V to rj, and therefore the right-hand side Is the work done

by the force, while the left-hand side- is the increase of

kinetic energy produced.

Tq put this in an analytical form, we ha>c merely to notice that;

by what has just been said, the vnlue of

y \' ds ds di J

ill independent of the paths pu'-ued fion) the initial to the fins:!

positions, and therefore that

2(Xrf.r-^-Y<l/-^ZIfc)

fa a complete difTerential. 1£, in accordance wuh vih;it lias just

been said, this be called - rfV, V is the potcotiil euerg.^-, and

^' 4x,

*>\bo, by the gccond law of motion, if 7!!, be the massof a particle

»ril.e system whosa coordinates are .-r,, j/,, », we have

and

Tlie integral is

l2(mi.')-hV=Jl,

that is, the sum of the h'ne'.ic and patcntinl energies is con-

stant. This is called the " coi)sn-valio,n of ciieir/;/."

In abstract dynamics, with which alone tliis article

is coucernefl, there is loss of energy by friction, impact,
Ac. This we simply leave ns loss, to be accounted for by
Thermodynamics.

§ 172. Hitherto, as we have been dealing with the

motion of a single particle only, we have not required the

assistance of even the third law. For, in. those cases,

already treated, in which one uf the forces was not given,

it was at all events due to a -given constraint, and the

geometrical circumstances of the constraint sujiplied the

u.eans of determining it. In fact we were not, in any
case, concerned with reaction ; or, to use the more modern
form of expression, we were engaged with one half, only,

of a stress. When a stone's motioti was investigated, no

account was taken of the stone's attraction for the earth :

when we dealt with central forces, the centre was sujiposed

to be fixed ; and, even in the cases in which variable

constraint was supposed, the curve which produced it was

assumed to move in a nianher absolutely determined

beforehand, and in no way afi'ected by the reaction of the

mass acted upon.

But, in nature, circumstances are not so simple.

Though, for all practical purposes, we may calculate the

motion of an ordinary projectile as if its attraction had no
i:ifluence upon the motion of the earth, we cannot do so in

the case of the motioii of the moon abont the earth. The
mass of the moon is about g'jth of that of the earth, and

its gravitation effects on the motion of the eartli cannot be

neglected. The moon, in fact, moves faster round the earth

than would a projectile of less mass, though moving iu

precisely the same relative orbit (§ 1 16). If the earth's

motion were not accelerated by-the reaction of the moon,

the sole crest of the lunar tide-wave would be on the side

of the earth next the moon, and there would be full-tide'

once only in a single rotation of the earth about its axis.

We need not give further instances here ; they will pre-

sent themselves in almost every case we investigate.

§ 173. To give a general notion of the applications of,

and necessity for, the third law, we choose a few special

cases, selected so as to give, in short compass, a sufficiently

general glance at the whole subject,

We take, first, the case of two stones or bullets con-

nected by an inextensible string, passing over a smooth

pulley. , Let their masses be vi and m. Our physical

condition is that the tension of the string, whatever be its

value, is the same throughout ; and this is accompanied by

the geometrical condition that the length of the string is

constant, or that the speeds of the two masses' are equal

but in opposite directions. Hence the amounts of increase

of momentum in a .given time are as the masses.

they are also as the forces, by the second law.
""

m : m' : : 'T - »!J : m'g - T

.

This gives, al once,
2 mm'

Example
ot third
law.

Atwood'e
macblDe-

But
Thus

T-- -?;m + m
so thai the whole downward, force on r.

,m' - m
ni'g-T- m'—-, ff,m + mr

and the wiiole upward force on m is

T-OTJ = TO-
TO - TO ,

m' + m

I
The motion of the system is therefore of precisely the same
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character as that of a free mass falling in a vertical line,

but the acceleration is less, in the ratio of the difference of

the two masses to their sum.

§ 174. Tills is the essence of tiie arrangement called

Aiwood's Machine, which used to be employed for the demon-
Btration (in a rough way) of the first and second laws of

motion, in certain simple cases. The main feature of the

method is the artificial reduction of the acceleration, so that

the motion of the falling body is rendered slow enough to bo

followed by the eye with some degree of accuracy. To prove

the first law, a bar of metal was laid across one of two equal

masses suspended as in the example; and the system was

allowed to move under acceleratioii until the preponderat-

ing mass passed through a ring which arrested the bar.

The subsequent motion, with no acceleration, was then

observed by noting the passage of the falling mass in front

»if a vertical scale, while the observer also listened to the

ticking of a pendulum escapement. P'or the verification of

the second law, so far as uniform force is concerned, the

apparatus was adjusted by trial so that the extra load was

detached from the preponderating mass after 1, 2, 3, &c.,

beats of the pendulum ; and the subsequent uuiiorm

speed was found to be nearly in proportion to these

numbers. And, again, to prove that momentum acquired

is, ceteris paribus, proportional to the force, the effects of

bars of different masses were comoared by the same
process.

If X and i - X bo tho portions of the string on opposite sides of

tho pulley at time t, we have

^'^'-^

times
lon-

ected

7
!utic

triiig.

-T -TOji,

• m'£

.

Hence by elimination of T we iia j

m - m' ^

m + m,

and by elimination of X
_ 2mm' , ,T= ,g, as before.m +m

When one of the masses is vibrating pcndulnm-wiso, the problem
assumes a very much more difficult aspect. We will take it later

US an examjile of the application of Lagrange's general method.

§ 175. Let us now suppose these masses, so connected,

to be thrown like a chain-shot. We see by § 1G6 that their

centre of inertia moves as if tho masses were concentrated

there. Also that the moment of momentum is unaffected.

Hence we have only to find the initial position and motion
of tho centre of inertia, and the plane and amount of the

initial mumont of momentum ; and tho complete determina-

tion of tho motion follows. This case is precisely the same
OS that of a well-thrown quoit, tho rotation of which is

about its axis of symmetry. It is, so far as § 1G6 goes,

the case of an ill-thrown quoit, which appears to wabble
about in an irregular manner. But these are matters

properly to be treated under Kinetics of a Kigid System.

§ 176. Suppose, next, two masses m, and m.^ to be con-

nected together by an elastic string, the extension of the

string being proportional to the tension. Let w, be held

in the hand, while m^ hangs at rest. Then let the system

bo allowed to fall. What is tho nature of the motion 'i

Without mathematical investigation it is easy to see that,

tho moment the masses are loft free to fall, the tension of tho

stretched string will gradually draw them together. When
it has thus contracted to ita normal length, /, the relative

speed of the two masses will have a definite value. This

will continue to bo tho relative speed until they have

passed one another and again arrived at a mutual distance

/. At that instant tho tension of the string comes into

play again ; tho relative speed becomes less and less, finally

vanishing when the distance between the masses is what

it waa at starting. Then the relative speed becomes
again 'one of approach, increasing steadily till the dis-

tance between the masses is I. This maximum speed of

approach continues till, after again passing one anotlier,

the particles once more reach the relative distance /. And
so on. All this time, however, their common centre of

inertia has been steadily falling with uniformly accelerated

speed, ns if the masses Lad been concentrated at it into

one. Since / is tho unstretched length of the string, if

we call E its modulus of elasticity, its tension at any other
length, A, is

T = E.
I

by Hooke's law. Hence, if initially m, were at the origin,

and the axis of x be taken vertically downwards, we have
for the initial coordinate of m.-,

When the masses are moving, the third law informs us that the
tension of the string acts equally and in opposite directiona on
tliem. Thus the equations of motion are

miiii = m^g + '?

,

m.jX^ =m^-T.
By eliminating T wo have at once

TiiiX -f 7)1 jij = (m, -f OT j)5r

.

But m^Xi + m.^.^-{mi + mj)^,

if i be the cooiJinate of the centre of inertia of the two ma-ssea.

Hence

the ordinary equation for the fall of a stono. Thus

m^Xi + 7)1 jXj=A + ^1 + i(m, + m,)rit'.

Since a;i=0, i,-o ->•
~^™^!'

= 0, X.,

A = ,«,(^'-»-i);, B=o.

hen l — O, we have

aud thus

So long as x.

m^Xi + m jo-j =
)"s( '-^ + ljl+Um- + m^igfl

.

x^>l we have also

)•

Hence, multiplying the first of the emiations of motion by m„
and tbe second by m^, aud taking tho dillerence, we have

The integral is

x.j-Xi = l-\- Vcos{nt + Q),

liii^m.^

'„ we havo

where n- =

Also, by the data at startin

Q-0,

Hence, finally,

1

»ni-l-?n,'̂
„/^ + 1 y + i{m, + m,)gf'-m,l.'J}!^coanl\

-yt'+i
vi;gl

(1 -coant) ,

K(nii-(-»ij)

whence the value of a:, can easily be found.

As soon as we have ;i<>Jt tlieso vahies cease to represent the

coordinates of tlie two masses, because they are deauced from
equations involving constraint which, in the case supposed, has

ceased for a time.

At the instant rit — iir the relatnc speed of the masses is

m,(il /('U|-t-m,)E

and the'r distance I. '

This distance diminishes thenceforward with tho above

speed until tho uppermost stone, having passed the lower

one, falls below it to a distance /. We must, in order to

trace tho next part of the motion, rea[)ply the differential

equations above,—integrating them, and determining lt)9
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pendu
lam.

B

constants by tbo new conditions. This we leave to tlie

reader.

Comrlcv § 177. Next let us take tlie case of a. Complex Pendu-

liiiii,—the motion of two or more pellets attached, at

different' pointy, to the same thread, supported at one

end. The general solution of tliis question presents con-

Biderabie difficulties, but if we confine our attention to

slight disturbances it is easily treated by very elementary

jirocesscs. In fact, just as a simple pendulum, slightly

disturbed in a vertical plane, lias simple harmonic motion

which may be regarded as the resolved part of conical

pendulum motion, so we may treat of a complex conical

jiendulum, and resolre its motions parallel to any vertical

plane.

If there be but two masses attached to the string, it is

clear that they must, if the motion is to be a persistent

conical one, be always in one vertical plane witb the point

of suspension. And there are obviously two dispositions of

the string which are consistent with kinetic stability.

Let A (fig. 54) be the point of suspension, then the

masses may rotate steadily in either of the two configurations

eketched.' To keep either mass
/^^ ^

moving in a horizontal circle,

all that is required is that the

resultant force on it shall be

horizontal, directed towards

the centre, and producing an

acceleration equal to V^/R,

as in § 34. Let the whole

system turn with angular ve-

locity w, and let the lengths

of the strings be a and b, their

directions making angles 6, </>

with the vertical.

We will treat only the case "^ ""

in which these angles are so ^'=- ^'*-

small that the arcs may be written in place of their sines.^

Then m requires a horizontal resultant force maOia"

directed towards the axis, and M requires M{n^-l-6<^)a)^

similarly directed. Also, as the strings are both very

nearly vertical, the tension of the lower string may be

taken as the weight of M, and that of the upper as the

sum of the weights of M and m. Treating it, then, as a

statical problem, we have for the mass m
mnec- - (II + rnVje - Ng(p ;

and for M

These formulae correspond to the first configuration, but a

change of sign of ^ adapts them to the second.

These two equations involve three unknown quantities

«o^, 6, <l>.
But the ratio, only, of 6 and <j> is involved,

60 that two equations are sufficient. [We have confined

ourselves to small values of and A, but have not assigned

any limit to their smallness ; so that their ratio has still

an infinite range of values.]

Eliminate the ratio <f>j$ between the two equations

;

and we have, putting ij/ for y/<u^

!!«.;- = (i), - 6)((5I + )jOi^ - ma) ,

or {^-aM-h) = -^ab,M +m
It is clear that, because the right-hand member is essentially

less than ab, there are always, two real values of i^, both

positive, but one greater than the greater of a, b, the other

less tha'- the lesser. These correspond to two values

of <f>ld, one positive, the other negative.

§ 178. The most general motion, then, of the double

romplex pendulum, when it vibrates in one plane, con-

sists (for each of the masses) of the resultant of two simple

liarmonic motions, whose periods are

ip having one or other of the two positive values given

by the equation above, and being therefore the length of

the equivalent simple pendulum. Thus the double com-

plex pendulum supplies at once the mechanical means of

tracing (by ink, sand, electric sparks, &e., § 156) a

graphical represeutation of the composition of two simple

harmonic motions, of different periods, in one line.

An»lytic«Uy thus. For any displacement in one plaoe wo have,

$ and <p being, as before, the deflexions and T, T tno tensions of

the striuffs,

maf^\ sine= -Tsintf + T'sin^,

ma(^\ cose = ^10-1 cose + Tcos<j>,

uf-^\ (<isin9-l-63in()))= -T'sin0

ll/'—y((icos9 + 6cos^)=-JIy-T'cos0,

four equations to determine e,
<f>,

T, and T'. They become mncb
more manageable if we assume that e and (fi are so small that their

squares may be neglected. For then we liiive siin? = i?, cos^-»l,

&c., and the equations become

r,wS=-T:e + T<f>, 0-mg-T-^T',
lI(a^ + J(ji)=-TV, 0-Jty-I".

Thus T = ilj,'I = {H+>n)g.

and we have ma^= -ii,l + m]yil + itj<p,

ad + bip^ - yp-

Introducing an arbitrary muWplieT ^, we have

f^'\'^^{m + \)a8 + \i<p j. --<; j(M + m)tf + (A.-M)^
{

If we choose A so that

Kb x -M
{m + \yt~ll+ m^' '^

the equation can be put In the form

\dt/ ()n + A)a^ ^'

Now (1) is a quadratic equation in A., and has obvionsly real roots,

a positive root greater than M, and • negative root numerically

less than m. Write (l)as the equation of an hyperbola, in the form

\b A- M
(m + A)a M-l-OT

'

and we see that \ + m = is an asymptote. The branch on tha

positive aide of this asymptote lies mainly below the axis of A.

But n is positive for A— M, and also for A=0.
Hence /i must pass through the value zero while A is greater than

M, and for another raloe of A between zero and - ra. But it is

obvious that, for each of these values of A, m + A Js positivw.

Hence the equation may be written

;^)V+.,)= n^{e + cip),

where e and n hive two sets of real values given as above ; and thus
we have the complete solution, with the four requisite arbitrary con-
stants, in the form

e + (;^=PiC0s(ni<-hQ,),

e + Cjij> •= Pj cos (jij* + Qj)

.

This applies to every possible set of values of a, 4, m, M ; for, as
we have seen, the two values of A are essentially diffeieot, at least

so long as neither of tlie masses' becomes zero. Thus, in this parti-

cular case, we are not met by the difHculty of equal roots. But it

is very interesting to contrast this case, when m is much greater

than M, and a — b, with the case discussed in § 162 where the
point of suspension of a simple pendulum Jias a horizontal simple
harmonic motion of the period of the pendulom and in the vertical

plane in which it vibrates. There the oscillations increase inde-

finitely ; here they are in all cases essentially iailt, in ««;onlance
with the assumptions made. There is, in fact, no increase of the

energy of the system.

Avery slight modificatioQ of the process gives us the

result of small displacements not in one plane.

Kinetics of a System'of Free Particles.

§ 179. A system of free particles is subject only to their

mutual attractions ; to investigate the motion of the

system.
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Let, at cime c, x„, y„, in T.'" the coordinates of the particle

whoso maas is m„, and let <1>'{D) be (he law of altiaotion. Let pTq

express the distance betw«ea the paiticles mp and »:, ; then we
have, for the motion of to, ,

d'x. = 2 j ntinin^'dr™)- 1

^'_2 m,)n„0'

(1),

(2),

(3),

with similar eqnations for each of the others, the summations
l)eing taken throughout the system. Before we can make any
attempt at a solution of these equations, we must know their num-
ber, and the laws of attraction between the several pairs of particles.

But some general theorems, indeoendent of these data, may easily

be obtained.

Conser- ' -First, we have Conservalion of ifomefilum. In the expression

nation of
f^j

d^
•aomen- ' dC

^ and in m,

for 77!, ~J , we ha-. -.a term m,nt,0'(,r,)

-

d'x.

dt'
-? we have »n,m,0'(,r,)-

Hence, if we add all the equations of the form (1) together, the

result will be

' di'
= 0;

Similarly g2(m)-0, and gsW-O.

where (| 109) S, p, 2 is the centre of inertia of the system.

These equations show that the speed of the centre of

inertia parallel to each of the coordinate axes remains

invariable during the motion ; that is, that (he centre of
inertia of the system remains at rest, or moves tuith constant

tpted M ^ straight line.

Next we have Cmiscrvation ofMrnnml of Momentum. For if we
multi[ily in succession equation (1) by y,, and equation (2) by ar,,

and subtract, and take the sura of all such remainders through the

system of equations of the forms (1) and (2), we have

i[m{xD-ijx)]-0.

Integrating once, we have

2[OT(arir-j/i)]-2A,,

where the left-hand member is the moment of momentum of the

system about the axis of z.

This equation shows (since xp is any plane) that gene-

rally in the motion of a free system of particles, subject

only to their mutual attractions,' //te jreonwn/ o/ mo7n«i<«m

about every axis remains constant.

Finally, we have Conservalion of Energy, liultiply (1) by

(2) by dyi d'l

.

(3) by -i!-; and, treating similarly all the otherW •
"' "' dl ' dl

equations, add them all together.

Let us consider tbe result as regards the term on the right-hand

ride involving the iiroduct «,»!,.

Written at length it is

•f similar terms in y and z} ;

and the portion in bnu:kct3 is cqnal to

-
I
(x, - x,)---(x, - Xf) + similar terms in y, s

j

fcr.

hence

Ul
((.r,)

;

i m(— —^.^ ^4.^ ^\ \

I \dl dC dl dC dt df)^

-l-a|tn,m,«V,»^(»'-,)j -0;-^

therefore, on integration,

i2(mi.«) + 2{m,m,#(,r,)} -H.

We see therefore that the cliange in the kinetic energy

of the system in any time depends only on the relative

distoHCea of t/ie particles at the beginning and end of that

time.

Another general expression for the kinetic energy of a system d
particles, in terms of a function of the mutual forces, and the con-
straining forces if there be such, is readily found as follows.

If X, y, z be the coorjiuates, at time t, of the particle m, we have

(^.J
Sm{x' + y"- + :') = 'iZm{i^ + f- + z'^) + 22m{xji+,y!l+zi).

But if X, Y, Z be the components of the forces (of whatever kinc
acting on m, we have (§ 119)

•>n*=.X, mi/ = V, viz = Z.

Thus

\dl)
'Sm{x' + y- + :'') = 22m[x- + i/' + z-) + 22{Kx + Yy + Zz).

This expression was orij»inally devised by Clausins for application

to the Kinetic theory of gases. The quantity Sm{^+y' + z') it

obviously half the sum of the three principal moments of inertia of

the group of particles about the origin (§ 234).

In all cases of motion of agroun, in which this sum is either con-

stant or oscillates in an extremely slioit period about a constant

value, the left-hand side may be regarded as (ou the average at

least) a vanishing quantity. Thus an equivalent of the kinetic

energy is expressible as

'

-^2(Xx^YJ, + Z^).

This expression is called the "virial."

In so lar as it arises from the mutual action between two par-

ticles w, and till,, its value is (in the notation above)

•i('m,«i,0'(,r,)SlJ:i% + m, m,^'{j,r,fiZlJx,)
,

with corresponding terms in y and s, altogether

= Jmym,^'(pr,)pr,.

Hence if we write, generally, r for the distance between two of

the particles, and R for the stress between them as depending on

their mutual action, the corresponding part of the virial is

42(Rr).

This is positive when thf Besses are of the nature of tension

When the mutual action is due to gravity only,

pr-,

and the part of the virial corresponding to this ij

^Mp yn^lpr^ ,

expressing half the exhaustion of the potential energy of tlia

system.

When the particles are in very great numbers, and enclosed in a Vlritl 6\

vessel from the sides of which they rebound—aa is supposed in the a ga-i

kinetic gas theory—the pressure p, per unit of surface, on the walls contains'

of the vessel must be taken into account. If /, m, n be the direc- in a

tion cosines of the normal to the element rfS of the wall of the veiul'

vessel whose coordinates are te, y, 2, the corresponding part of the

virial is ,

\vf/dS{lx + my + m)

extended over the whole internal surface. We here assume that/)

is constant. But Ix-t-my + nz is the perpendicular from the origin

on the plane of dS, so that the integral expresses three times the

volume V of the vessel. Hence this part of the virial is

ip\.

Thus, in the case of a gas not acted on by external forces, the

kinetic energy is

4|>V + i2(Rr).

Impact of Smooth Spheres.

§ 180. There remains to be treated, so far as particle

dynamics is concerned, the self-contained subject of Impart.

In connexion with it we must once more refer to the

second and third of Newton's laws. We are now dealing

with forces which produce, in finite masses, finite changes

of momentum in excessively short periods of time. It is

clear from this statement that their effects may be treated

altogether independently of fiuito forces, whicli may be

acting along with them, but which produce during the

very short periods in question only infinitesimal results.

And, as in general we have no knowledge of the actual

force exerted at any instant during the impact, nor of the

time during which the action lasts, we confine ourselves to

the quantity, called the " impulse," which measures the

amount of momentum lost by one of the impinging bodies

4nd acquired by the other.
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§ 181. "When two balk of glass or ivory impinge on one

another, tlie portions of tlie surfaces immediately i« contact

are disfigured and compressed until the molecular reactions

thus called into play are sufficient to resist further distortion

and compression. At this instant it is evident that the

points in contact are moving with the same velocity. But
OS solids in general possess a certain degree of elasticity

both of form and of volume, the balls tend to recover their

spherical form, and an additional impulse is generated.

This is proportional, as Newton found by experiment, to

tl?at exerted during the compre.ssion, provided neither of

the bodies is permanently distorted. The coefficient of

proportionality is a quantity determinable by experiment,
and may be conveniently termed the " coefficient of resti-

tution." It is always less than unity.

§ 182. The method of treating questions involving
nctions of this nature will be best explained by taking as

au example the case of direct impact of one spherical hall

on another. It is evident that in the case of direct impact
of smooth or non-rotating spheres we may consider them as

mere particles, since everything is symmetrical about the
line joining their centres. If the impinging masses are of

large dimensions, of the size of the earth, for instance, we
cannot treat the effects of the impact independently of the

other forces involved; for the duration of collision in such
a case may be one of hours instead of fractions of a second.

§ 183. Suppose that a sphere of mass M, moving witli

a speed v, overtakes and impinges on another of mass 11',

moving in the same straight line with speed v, and that,

at the instant wlien the mutual compression is completed,
the spheres are moving with a common speed V. Let
R be the impulse during the compression, then

M(j)-V) = M'(V-j;') = R;

whence V= Mt> +MV
and R= .r . ..X"-^) (1).M + M' ' — —M + M'

From these results we see that the whole momentum
after impact is the same as before, and that the common
epeed is that of the centre of inertia before impact. Tiie

quantity V can vanish only if

Mi'-|-M'!)' = ,

that is, if the momenta were originally equal and
opposite.

This is the complete solution of the problem if the balls

be Inelastic, or have no tendency to recover their original

form after compression.

§ 184. If the ball's be elastic, there will be generated, by
their tendency to recover their original forms, an addi-
tional impulse proportional to R.

Let « be the coefficient of restitution, and f„ fj' the
speeds of the balls when finally separated. Then, as
before,

M(V-«,) =cR,
M'(v,'-V) = <;R;

whence

and

Mi>,-M M!) +MV
M + M' Jl + Ji'

MJr , ,,

(M-«M')n + M'(l+e)i/ ir

M + Jl
,(i-i-ex»-t0;' M + M'

with a similar expression for v^'.

These results may be more easily obtained by the simple
consideration that the whole impulse is (1 -f e)R ; for this
gives at once M(!; -?',) = MX^i' - f') = ( 1 -t- e)R,

If M' be infinite, and v' = 0, we have the result of direct

impact on a Jixed surface, viz., v - v^ = (1 + e)v or v^= -ev.
The ball rebounds from the fixed surface with a speed e

times that \vith which it impinged.

§ 185. Suppose, now, M = M', e = 1 ; that is, let the balls
be of equal mass, and their coefficient of restitution unity
(or, in the usual but most misleading phraseology, suppose
the balls to be " perfectly elastic") ; then 2R = M(ti- v')

;

i\-v', and similarly t','=-i-; or the balls, wliatever be thtJr
speeds, interchange them, and the motion is the same as
if they had passed through one another without exerting
any mutual action whatever.

Thus if a number of equal solitaire balls or billiard balls

be arranged in contact in a horizontal groove, and anotler
equal ball impinge on one extremity of the row, it is re-

duced to rest, and the ball at the other end of the row
goes off with the original speed of impact If two im-
pinge, two go off, and so on.

§ 186. We may write the above expressions in term^
of the impulse, thus

Ed+O-

, ,,Ril + e)
(2)

Hence Mvi-fMr/^Mw-HMV,- whatever e be, or there is

no momentum lost. This is, of course, a direct .con-,

sequence of the third law of motion.

Agaii. iMff + J JIVf= iM!;' + JM't)''

- Hd + e)(»- i.') + p5(l +e)»*I±|^'

M + M'
-pii.» + JM'B^-iR'd-c-K

MM'

-iMtJ« + JM'i)'= -i(l--).^>-^)'.M + M"

The last term of the right hand side is therefore the Loss ef

kinetic energy apparently destroyed by the impact. When """W.

e = 0, its magnitude is greatest, and equal to

MM'
Ji -,(!>-»T = JE(u~f')M + M'~

When e=l, its magnitude is zero; that is, when the

coefficient of restitution is unity no kinetic energy is lost

The kinetic energy which appears to be destroyed in any
of these cases is, as we see from § 171, only transformed

—

partly it may be into heat, partly into sonorous vibrations,

as in the impact of a liammer on a bell. But, in spite of

this, the elasticity may be " perfect." Hence the absurdity

of the designation alluded to in § 185. Also by (2)

n'-..=V-. + R(l +
,)M±^

Hence the velocity of separation is e times that of approach,\

§ 187. Two smooth iphires, moving t'n given paths and
with given- speeds, impinge ; to determine the impulse and
the subsequent motion.

Let the masses of the spheres be M, M', their speeds

before impact v and v, and let the original directions of

motion make with the line which joins the centres at the

instant of impact the angles a, a, which may be calculated

from the data, if the radii of the spheres be given.

Since the spheres are smooth, the entire impulse. takes

place in the line joining the centres at the instant of impact,

and the future motion of each sphere will be in the piano

passing through this line and its original direction of

motion.

Let R be the impulse, e the coefficient of restitution

;

then, since the speeds in the line x>{ impact are ncosa
and f'coso', we have for their final values Vp V' if'6'

restitution, by § 184 the expressions

Vi = vcosor
:=rf
—=rf,(l + «)(i>co3a- ti'coso')

,

i\' -i/coaa +

and the value of R is

MM'

M + M"
M

M + M'
:(l+«)(rcoso-»'co3a').

M + M (1 +«)f»C03o-r'c03a') .

Hence, the sphere M has finally a speed »j in the linci
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juiDiug the centres, and a speed vsiua in a kiiowii

direction perpendicular to this, namely, in the plane through

this and its original direction of motion. And similarly

for the sphere M'. Thus the consequences of the impact

are completely determined.

§ 188. Wheu a sphere of ma.ss M impinges directly,

with speed V, on another M' at rest, the speed acquired

by M' is

MV(l + c)

H + iV

But, if another sphere of mass /j., also at rest, be interposed

between them, M' will acquire a speed

This is greatesi; when fi is the geometric mean of M and
M', and its value is then

MV(l4-c)'

(VM + Vii')"'

The ratio of this to the speed which M' would have

acQuired without the interposition of the third sphere is

'

1 + e

1 +
2VMM'
M + M'

There is thus a gain by the interposition if, and only if,

2\/MM' .

'" M + M'
•

This coudition is always satisfied when the coefficient of

restitution is unity, except in the special case of "equal

masses. If an intiuite number of spheres be interposed

between IL and il', so adjusted as to give the greatest

possible speed to M', that greatest speed is Y Jil'jhl,

provided we have e = 1.

Continuous Succession of Indefiniieli/ Small Impacts.

% 189. We may how consider the case of a continuous series

of indefinitely small impacts, whose effect is comparable with
that of a finite force. One obvious method of considering

such a problem is to estimate separately the changes in the

velocity produced by the £nite forces and by the impacts,

in the same indefinitely small time ?>t, and compound these

for the actual effect on the motion in that period.

Another way, of course, is to equate the rate of increase

of momentum per unit of time to the force producing it.

A mass, under no forces, moves through a uniform cloud

of little particles which are at rest. Those it meets adhere to

it. Find the motion.

At time I let /i bo the m.is3, and let x denote its position in its

line of motion. Then, as there is no loss of momentum, we have

|(^).0.

But if M be the orif^nal mass, /ig the mass of the particles picked up
in unit of length, obviously

Substitute and integrate, supposing x-0, i-V, when <-0; and
we get

(M + /ioa:)x-MV,

from which x can be easily found.
It is interesting to observe that we bavo

*""(M + Mo^)''

80 that the mass moves as if acted on by an ttractioa vHrying in-

versely as the cube of the distance from i p;iat in its line of motion.

This problem obviously leads to '.he same result as the

following :

—

A cannon-ball attached to one end of a chain,

which is coiled up on a smooth horizontal plane, is projected

alonij the plane. Determine its motion.

§ 190. Anctker excellent instance of the application of

tb'is process is furuished by the motioa of a rocket, where

the motive power depends on the fact that a portion of the
mass is detached with considerable relative velocity. The
increase of the momentum of the rocket due to this cause isi

equal to the relative momentum with which the products

of combustion escape. If we suppose the rocket, originally

of mass M, to lose fM in unit of time, projected from it

with relative velocity V, the gain of momentum i" time U
due to this cause is

cMV5«.

The total upward acceleration is therefore

cMV
U-ciU *

Unless this be positive the rocket cannot rise. It will risei

at once if \>g'e, and it cannot rise at all unless

MV/M'><//e, M' being the mass of the case, stick, &c.,

which are not burned away.
From the above data it is easy to calculate that the

greatest speed acquired during the flight (the resistance

of the air being left out of account) is

°M' cV UJ

Dynamics of a System of Particles Generally.

§ 191. The law of energy, in abstract dynamics, may be

expressed as follows :—the whole work done in any time,

on any limited material system, by applied forces, is equal

to the whole effect in the forms of potential and lynetic

energy produced in the system, together with the work lost

in friction. This principle may be regarded as compre-
hending the whole of abstract dynamics, because the con-

ditions of equilibrium and of motion, in every possible

case, may be derived from it

,§192. A material system, whose relative motions are

unresisted by friction, is in equilibrium in any configuration

if, and is not in equilibrium unless, the rate at which the

applied forces perform work at the instant of passing

through it is equal to that at which potential energy is

gained, in every possible motion through that configuration.

This is the celebrated principle of " virtual velocities,"

which Lagrange made the basis of his Mecanique Analy-
tique.

% 193. To prove it, we have first to remark that the

system cannot possibly move away from any particular

configuration except by work being done upon it by the

forces to which it is subject; it is therefore in equilibrium

if the stated condition is fulfilled. To ascertain that

nothing less than this condition can secure the equilibrium,

let us first consider a system having only one degree of

freedom to move. Whatever forces act on the whole

system, we may always hold it in equilibrium by a single

force applied to any one point of the system in its line of

motion, opposite to the direction in which it tends to move,

and of such magnitude that, in any infinitely small motioa

in either direction, it shall resist or shall do as much
work ns the other forces, whether apphed or internal,

altogether do or resist. Now, by the principle of super-

position of forces in equilibrium, we might, without altering

their effect, apply to any one point of the system such a

force as we have just seen would hold the system in equili-

brium, and another force equal and opposite to it. All the

other forces being balanced by one of these two, they and
it might again, by the principle of superposition of forces

in equilibrium, bo removed ; and therefore ^e whole set

of given forces would produce the same effect, whether for

equilibrium or for motion, as the single force which is left

acting alone. This single force, since it is in a line in

which the point of its application is free to move, must
move the system. Hence the given forces, to which the

single force has been proved eqaivalent, cannot possibly be
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in equilibr.um unless their whole work for an infinitely

small motion is nothing, in which case the single equivalent

force is reduced to nothing. But whatever amount of free-

dom to move the whole system may have, -sve may always,

by the application of frictionless constraint, limit it to one

degree of freedom only; and this may be freedom to

execute any particular motion whatever, .possible tinder

the given conditions of the system. If, therefore, in any

such infinitely small motion there is variation of potential

energy uncompensated by work of the applied forces, con-

straint limiting the freedom of the system to only this

motion will bring us to the case in which we have just

demonstrated there cannot be equilibrium. But the appli-

cation of constraints limiting motion cannot possibly dis-

turb equilibrium, and therefore the given system under the

actual conditions cannot be in equilibrium iu any particular

configuration if the rate of doing work is greater than that

at which potential energy is stored up in any possible

motion through that configuration.

Xoutral § 194. If a material system, under the influence of

8R"'- , internal and applied forces, varying according to some
ebriam. ^ggnitg law, is balanced by them in any position in which

it may be placed, its equilibrium is said to be neutral.

This is the case with any spherical body of uniform material

resting on a horizontal plane. A right cylinder or cone,

bounded by plane ends perpendicular to the axis, is also

in neutral equilibrium on a horizontal plane. Practically,

any mass of moderate dimensions is in neutral equilibrium

when its centre of inertia only is iised, since, when its

longest dimension is small in comparison with the earth's

radius, the action of gravity is, as we shall see (§ 222), ap-

proximately equivalent to a single force through this point.

StaM^ § 195 But if, when displaced infinitely little in any

'.I"?' . direction from a particular position of equilibrium, and left

Ubrioin.
^^ itself, it commences and continues vibrating, without

ever experiencing more than infinitely small deviation, in

any one of its parts, from the position of- equilibrium, the

equilibrium in this position is said to be stable. A weight

suspended by a striug, a uniform sphere in a hollow bowl, a

loaded sphere resting on a horizontal plane with the loaded

side lowest, an oblate body resting with one end of its

shortest diameter on a horizontal plane, a plank, whose thick-

ness is small compared _with its length and breadth, floating

on water, are all cases of stable equilibrium,—if we neglect

the motions of rotation about a vertical axis in the second,

third, and fourth cases, and horizontal motion in general

in the fifth, for all of which the equilibrium is neutral.

Unstable §196. If, on the other hand, the system can be displaced

'V'^' in any way from a position of equilibrium, so that when
Bbriam.

j^^^ ^^ jjggjf jj.
^yijj

^j,^ vibrate within infinitely small limits

about the position of equilibrium, but will move farther

and farther away from it, the equilibrium in this position

is said to be unstable. Thus a loaded sphere resting on a

horizontal plane with its load as high as possible, an egg-

shaped body standing on one end, a board floating edgewise

in water, would present, if they could be realized in practice,

jcases of unstable equilibrium.

§ 197. When, as in many cases, the nature of the equili-

brium varies with the direction of displacement, if unstable

for any possible displacement it is practically unstable on

the whole. Thus a circular disk standing on its edge,

though in neutral equilibrium for displacements in its

plane, yet being in unstable equilibrium for those perpen-

dicular to its plane, is practically unstable. A sphere rest-

ing in equilibrium on a saddle presents a case in which

there is stable, neutral, or unstable equilibrium according

to the direction in which it may be displaced by rolling;

but practically it is unstable.

§ 198. The theory of energy phows a very clear and

simple test for discriminating these characters, or deter-

mining whether the equilibrium is neutral, stable, or Energy

unstable, in any case. If there is just as much potentLil *''^^'''

energy stored up as there is work performed by the applied ^b"]^^
and internal forces in any possible displacement, the equili-

brium is neutral, but not unless. If in every possible

infinitely small displacement from a position of equilibrium

there is more potential energy stored up than work done,

the equilibrium is thoroughly stable, and not unless. If

in any or in every infinitely small displacement from a

position of equilibrium there is more work done than energy

stored up, the equilibrium is unstable. It follows that if

the system is influence I only by internal forces, or if the

applied forces follow the law of doing always the same
amount of work upon the system while passing from one

configuration to another by all possible paths, the whole

potential energy must be constant in all positions for

n^itral equilibrium, must be a minimum for positions of

thoroughly stable equilibrium, and must be either a

maximum for all displacements or a maximum for some

displacements and a minimum for others when there is

unstable equilibrium.

§ 199. AVe have seen that, according to D'Alembert's F*ma-

principle, as explained above, forces acting on the diffeKntt'<"> of

points of a material system, and their reactions against the|^°^^^

accelerations which they actually experience in any case of ..(motic

motion, are in equilibrium with one another. Hence, in

any actual case of motion, not only is the actual work by

the forces equal to the kinetic energy produced in any

infinitely small time, in virtue of the actual accelerations,

but so also is the work which would be done by the forces^

in any infinitely small time, if the velocities of the points

constituting the system were at any instant changed to

any possible infinitely small velocities, and the accelerations

unchanged. This statement, when put into the concise

language of mathematical analysis, constitutes Lagrange's

application of the " principle of virtual velocities " to

express the conditions of D'Alembert's equilibrium between

the forces acting and the resistances of the masses to the

acceleration. It comprehends, as we have seen, every

possible condition of every case of motion. The " equa-*

tions of motion " in any particular case are, as Lagrang^

has shown, deduced from it with great ease.

Commencing again with the equations of motion of a particle

. = X+X', »ni/= Y+Y', TOs=Z+Z',

let us introduce quantities Jx, &c., consistent with the conditions,

othern-ise perfectly arbitrary, and we have tlie general equation

.Sm{xSx+ . . . )=2(X5x-l- . . . ),

in which, by D'Alembert's principle, the forces X',Y','Z', due t»

the constraints, do not appear.

If the system be conservative the right-Iiand member of this i«t

of course, equal to the loss of potential energy, so that

-5V = 5(X5x+ . . . ),

and tlierefore, quite generally in such a system,

2m{xSx+ . . . )= -SV. . , . ;-i r.- . '.TlV

In the actual motion of any system ve have, for each particle,

Sx = xSt, &e. , so that we have

2») (xx + ;/!/ + ;;) = 2{ Xi + Yy + Zi) .
_

This is the complete statement of Newton's scholium, § 2 above.

The right-hand member is the expression of the algebraic sum of

the actioncs ageniium and of the reacHones resisteniium, so far a»

these depend upon gravity, friction, itc, and the left-hand member
that of the reaclioncs i\ie to the accelerations of the several particles.

If the system be conservative, this becomes

.'Xin,[xx+ij)-i-sz}-= — jT ,

whose integral
j5m(i»-l-*2-t-!?)+T-H

is of course, the'general statement of the conservation of energy.

In Lagrange's general equation above, as we have stated, the

variations ix, &c., are r.ot usually independent. We must talc*

account of the various constraints imposed on the system, If tbsM
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mtain the saniu character througliout the motion lliey may be ex-
ftressed by a (generally finite) niunber of equations of the. form

A'^i. 'Ji. -1. a-2,
:/i, =i. . . . )-=0.

Each of these gives risH to a jiurely kinematical relation nfTecting

some one or moje of the <iuantities 5.c, ic., of the form

<(;2)-(l)- •
. ) 0.

By iiitroJncing, as usual, a set of uiijetermined multipliers u, one
for ea£h of tho conditions of coustraiut, wo obtain on adding all

these eijnations to the general equation above

F^'i'^^X-. )=<(^ + /'0+/'.(g)+ .

.

.}-+ . .

.]
(2).

If there be p particles of tho system, there are 3^ coordinates x, y,

t, connected by (say) q equations of constraint, so that there ore

Sp-q degrees of^ freedom, and therefore 3p-j independent co-

ordinates.

Equating separately to zero the multipliers of $.<;, , 5j/, , &c., in

the resultant equation above, we have 3j) equations of which we
write only one as a type, viz.,

«^ =X +2.{g_. .,.......(3).

(Tal^eu along nith tho q equations of the form

Ahese form a group of 3/) + 7 equations, theoretically necessary and
sutGcient to determine the Sp quantities a-,, y„ ij, &c., and the 9
quantities /i, in terms of (. Thus we have th3 complete analytical

statement of the conditions, and the rest of tho solution is a

question of pure mathematics.
i^on-- When we deal with a non-conservative system (which is equiva-

consef. lent in nature to saying " when we take an incomplete view of the

vatiVB question "), some of tlie conditions may vary in character during

tystem. the motion. This will be expressed analytically by the entrance

of t explicitly into one or more of the equations of condition /.

But, if we think of the mode of formation of Lagrange's equation,

we see that it was built up of separate equations, such as

which arc true whether the equations of condition involve t

explicitly or not. Each of these was multiplied by a quantity Sx,

4c., the only limitation on which was that it should be consistent

irith the conditions of the sj'stem at the instant considered^ what-

iver instant that might be. Hence equation (2) still holds good.

When, however, we introduce in that equation multipliers or-
/esponding to the actual motion of the system, so that

we find a remarkably simple expression for the energy given to, or

withdrawn from, the .system in consequence of the varying con-

llitious. For the uuintegrated equation (2) now becomes

|(J2ni(i» + !) + £>)) - S{Xx + Yi/ + Zi) - ^(^Q .

•\nere the diflereutial coelTicient of / is partial. This follows nt

Ance f''om equations of the form

x + ki:. =

AtfOoiT

which are obtained by dilPerentiating the equations of condition

WKh regard to t. When the conditions do not var}', tlia qumititics

[-j-\ &C'i all vanish, and wo see that the constraint does not niter

tho energy of the system.

Least and Varying Action.

§ 200. To complete onr sketch of kinetics of a particle

we will now briefly consider t!ie important qnantijy called

" action." This, for a single particle, may be defined either

us the space integral of tho momentum or as double the time

integral of the kinetic energy, calculated from any assumed

position of the moving particle, or from an assigned epoch.

For ii system its value is tlio sum of its separate values

for the various particles of the system. No one has, a."*

yet, pointsd 'out (in tho simple form in which it is all but

certain th'at they can be expressed) the true relations of

this quantity. It was originally introduced into kinetics

to suit the metaphysical necessity that something should

ba a minimum in tlic path of a luminous corpuscle (see

iin extract from Ilaniiltun in the article Light, vol xiv.

p. .j98). Hut there can be little doubt that it js destrucd
to play an important part in tho final systematizing ol

tho fundauioiital laws of kinetics.

The importance of the quantity called action, so far a&
IS at present known, depends upon the two principles of
" least action " and of " varying action," the first as old as
Maupertuis, the other discovered by Hamilton a.bout half ^
century ago.

The first is

—

If ih<: sum of(hr potential and linetic eneiyirs

of a system is the same in all its conjiguratioHs, then, ofall the

sets of paths by tohich the parts of the system can be guided by
frictiouless constraint to passfrom one given conjiguration to

another, that onefor tvhich the action is least is the natural
one or requires no constraint.

§ 201. Unfortunately it is not easy to give examples of th

important principle w .icli can be satisfactorily treated b;

elementary methods,—except, indeed, the very simplest,

such as those furnished by the corpuscular theory -of light.

Thus it is obvious that, as long as a medium is homogeneous-
and isotropic, the speed of a corpuscle in it is constaat.'

The action is thus reduced to the product of the constaat

speed of tho corpuscle by the length of its path. Henco
the principle at once shows that the path must be a
straight line. When the corpuscle is refracted from anei

such medium into another, the path is a broken line such
that the product of each of its parts by the corresponding

speed of the corpuscle is the least po.ssible. This gives;

tlie law of the sines, but to agree with experiment the

speed would have to be greater in the denser mediutis

than in the rarer.

§ 202. The problem to find cJiaiujc of aciicn as depending oir

chancjc (noiilicre finite) of the mode of passagefrom one given con-

fiynrutioa lo anul/tcr (restiictcd by the condition already men-
tioned), is expressed raatliemalically by

5A " Sj2insds= S/itii{xdx+i)di/+idz),

while T=i2ji(5==12-<i(i=-fi'- + i=)=H- V,

II being the constant energy of the system, and the integral being
taken between limits supplied by the two given configurations.

The first equation gives

JfA =/2iii(rfaSi- + diiSj + rf;5i + idSx + jdog 4- irfSc)
^

' =5»i(iSi-h . . .)+/Sm(d.cSi + dySi)-] d:Sz-dJtS.v-dSt!i-diS:')

by partial integration. But tlie integrated part

:Zm{xSx+//S!;-Hiz) _- <A')

'Obrlondy vanishes at both limita, btcauec the initial and SuaX

configurations are given.

If we now take the corresponding variation of the expressions

lor the kinetic energy, we have

5T=2m«i = 2i)i(x8x

+

iti + sSil

"om which hc have

/Sm(.dxSx + d>jSi+(l:S:)=-/SVdl

.

Also we have •; _
djcix + diiy + diSz= {,XSx+Sty+ zSi^dtl

so that finally

5A ~/dl[ii;-Sm[£Sx+!)iy-¥Uz)^

,

which so far is a mere kinematical result. Riitit can be rendered

physical by putting' - SV for JT, in accordance with the above con-t

dition. This we will siipjiose done.

If now we desire to make 8.\ vanish, eo as to obtain what l»

called the "stationary condition," we must make the factor ii»

square brackets in the integral vanish ; i.e., \vc must have

2m(i!j; -^ i/5y + :8:) + SV •=

for all adniis-iible simultanr'oiis values of Sx, S;/, Sz for the variou»

particles of the system. Hut this is precisely liio general equation

wliich, as we found ia § 1^9 (1), deternjihes the undisturbed motion

of the system.

§203. The expression !.\-0 really .signifies th.it any infinitesi-

mal chonse from the natural mode of passage produccsan infinitely

smaller change in the corresponding nniouni of tho action bftween

the terniinul coiifigiimtion«.

§ 204. It will lie noticed that tlic c&sontial cliafacterisfic of lh»
modes of passage con-iidcred in this investigation is that all shall

iiavc the same tormiHal ronfiguiations, and that the .system i>h*lV
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nisrays have the same definite amount of energy. All, except tlie

natural mode of passage, in general reijuiie constraint in orJcr that

they may be described. Hamilton's grand extension of tlie subject

depended on comparing the actions in a number of natural modes of

passage, differing from one another by slight changes in their ter-

aninal configurations, and slight changes in the whole initial energy.

In tliis new form of statement the unintegrated part of the ex-

j)ression for 5A ranishos, since all tho modes of passage contem-

plated are natural. The alteration of the whole energy, however,

adds a special term to the equation, and we can at once write, from

,the expression (A) § 202, the equation for the change in the

action under the new conditions, viz.,

!A = [5m( i:5i- + 3>Sy + ijj)] +«H ,

the part in brackets having to be taken between limits correspond-

ing to tho terminal configurations, and the variations Sx, Sy, S:

at these being subject to the conditions of the system.

We cannot here consider this equation in its general form. We
content ourselves with the simpler special deductions from it re-

quired for completing our sketch of Kinetics of a Particle.

The last given equation, written in full for a single particle of

jinit mass, is

lA =[jc5x + i/i!/ + iiz]- (i-jSj-j + ii^Sij^ + iuSc„) + (5 II

,

where a-,, y,,, s,, is the initial point, and x, y, z any other point, of

the path. If the particle be altogether free, the seven variations

on the right-hand side are independent of one another ; and thus we

have the following remarkable properties of the quantity A, regarded

as a function of seven independent variables (tlie initial and final

coordiiiiate3 of the particle, and its constant energy), viz.,

For these equations give, by complete differentiation with regard

tot,

rfA^ rfx jPA rf.'/ rf^A rf:

(ijxla dt itndtt. dl dzda dl

C'-^rac-

I- .;sUc

lulic-

tioa*

/dk\_dx /rfA\ _rf£j

\dxj dt
' \dxj dt

•

/dA\ d^ ftl±\ _ dy,

[dyj^dt •

Uyo/

( dz ) dt

dt

rfZp

dt

From these we gather at once that A satisfies the partial differ^

eotial equations

'.§hm'*m--'-"'-^>
• (1).

=

,i
= 2(H-V„) (2).

§ 205. The whole circumstances of the motion are thus dependent

on the function A, called by Hamilton the "characteristic func-

tion." The determination of this function is troublesome, even

in very simple cases of motion ; but the fact that such a mode of

representation is possible is extremely remarkable.

§ 206. More generally, omitting all reference to the initial point,

and the equation § 201 (2) which belongs to it, let us consider A
simply as a function of x, y, z. Then
Any function, A, which satisfies the j)artial difcrcnlint eqidiliou

possesses the properly that
dk dk_

I
_ represent the rcclanrjiilar_ dk

dx ' dy ' dz

contp^ents of the velocity of a parlicle in a motion jiossibTc vndcrthc

forces whosz potential is V.

For, by partial differentiation of (1) we have

±( dz\_^^^^_d\_ dk drk dk d^k dk (Pk

diKdt J~ dt-' dx " dx dx-
"*
dy dxdy dz dxd:

'

with other two equations of the same form.

But we have also three equations of the form

£(dk\^dx rf^A dy ^A^ dz cPk

dt\dx)~dt dx''^ dt dxdy dt dxdz
'

Comparing, we see that

dx dk dy_dk dz_dk
dt^dx ' dt~dy ' dt~ dz

satisfy simultaneously the two sets of equations.

§ 207. Also if o, e be constants, which, along with H, are in-

volved in a complete integral of the above partial differential

equation the corresponding 2)ath, and tJie time of its description, arc

given by

(S)=-.(S)-»..{fi)='-
where a,, fi,, « are three additional arbitrary constanla.

£k dx dU 'dy d^ rfj

dxdp dt
'^ dyd$ dt d:dp dt

0.

'0 1- («).

(PA dx _rfU_ dy (PA_ dz^

d,rrfH dt "'rfi/rfll dt dzdti. dt
"

But, differentiating § 206 (1) with respect to o, /3, H respectively,

we get

(fA dk d'k dk
^

d'k (^A ^ p 1
dadx dx dady dy da/lz dz

d^k dk drk_ dk <Pk^ dk
d$dx dx '^d&dy dy dfidz dz

(Pk dk d'k dk (PA dk
dHdxdx ^dildy dy dHdz dz

'

.dx

(.b).

The values of "-^ , &c., in (a) are evidently equal respectively to
dt

tnose of — , &c., in (6). Hence the proposition.
dx

§ 208. " Equiactional surfaces," i.e., those whose common equa- Suffafet
tion is Vrf equal

A = const., '•cHoiLu

are cut at .right angles by the trajectories.N

—

For the direction cosines of the normal are obviously proportional

to

/rfA\ /dk\ /dk\ ,, ..„ .dx dy dz

{di)'{d^j)'[di)''^''''''°d-fTt'Tt-

Thus the determination of equiactional surfaces is resolved into tha

problem of finding the orthogonal trajectories of a set of given^

curves in space, whenever the conditions of the motion are given.

The distance between consecutive equiactional suifaces is, at any
point, inversely as the velocity iii the corresjy&nding path.

This may be seen at once as follows: the element of the action,"

which is the same at all points, is vis (where 5s, being an element
of the path, is the normal distance between the surfaces).

§ 209. In consequence of the importance of the method we will Plane-

take two examples of its application. Firet a direct examnle, then tary

one depending on tho equiactional surfaces. motion.

To deduce from the principle of "varying action"' the fonn and/
mode of description of a planet's orbit.

In this case it is obvious that -'— represents the attraction of^

gravity ( -/i/j'). Hence the right-hand membev of § 206 (1) may,

bo written 2(H-l-^/7-).

Let us take the plane of xy as that of the orbit, then the equation,

§ 206 (1) becomes

-mHf,M-^^) (i).

It is not difficult to obtain a satisfactory solution of this equation,

but the operation is very much simplified by the use of polar co-

ordinates. With this change, (1) becomes

fS).
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where I and e nre two new arTjitrnrj' constants iutioJuccd in place

of a and H. ^With tliese (5) becomes

-»-/.
(fr

r'^e"lt--{\lr-lliy'

l)IP + 2/lr

~6-

•l/r»

4(^- ^-')-

6r
1 + ccos(9-ai)

'

^he general polar equation of conic sections refencd to the focus,

^so by diUerentiating (5) witli respect to r, we hava

adr

Tftflm wUich, by (6), we immediately obtain

= -tftf,

(W.

This involves, again, the ccjuation of equable description of

. areas. Compare § 144.

Jlcton in § 210. In a planet's elliptic orbit IJte lime is nensurcd hj the area

arbit.of deaeribed about one focus, and the action by that descriUd about tlie,

I«net. other.

For with the usual notation we have

dA = rds = —ds ,

P
by the result of § 47. But in the ellipse or hyperbola, p' being

the perpendicular from the second focus,

Hence dA = ± -r^ p'ds ,
b'

which expresses the result sxated above.

It is easy to extend tliia to a parabolic orbit, for which, indeed,

the theorem is even more simple.

gz; . §211. Unit particles are projected simultaneoushj and Iwriiontalhj

tuple. »'« all directions from every point of a vertical axis, all having the

same total energy at starting; find the surfaces of equal action.

We may obviously confine ourselves to a piano section through
the axis. Let x be the verticnl coordinate ot .a particle, measured
downwards from the level nt which the common energy is wholly

potential, k the coordinate of the point in the axis from which it

was projected. Then we Jiave, after the lapse of time t,

x^lc +hgt - )

y-'\'2,jkt i'

Eliminating t, we liave the equation of the parabolic path^

i-f

To find the orthogonal trajectory (the meridian section of the surface

ofequal action), differentiate, put --r^ for y^, andeliminat**. We^ dy dx
thus have

V V;x + y s/x-y

or

80 that

B

djc 2k K+Vxi-)/^ \/x + y + \'x-y
— \/x+y{dx + dy) + '•Jx - y{dx -dy)= 0,

(x + 2/)5± (»• - 2/)5 - const.

If we turn the axes through -Jt in their own plane, tne coordinates
being now { and jj, /^

'this equation becomes

, In fig. 55, ASI is

the axis. A few of
the patlis are shown
by full lines, and two
of the sections of sur- ^
faces of equal action .•

bydottedlines. These ''

sections indicate
cusps lying on the
line AH, whinh M
makes "n anglo ^ir

with the vertical, and
is touched by all the
paths. The path
whose vertex is G
tonchesthislinein II,

and therefore passes
through the c>»p of
which tho branches Fig. 55.

»re H K and II L. HK belongs to nil paths whose vertices are above
O, HL to those (such as ML) whose vertices are below 0.

It is worthy of note that, by the first equations above,

x±y~(s/k±\'^t)-,
by the substitution of wliich iu the equation of action we see ho"^
the time of reaching a particular surface of equal action depend*
ujion tlie position of the startin" point.

§ 212. A very interesting jilane example, which has elegant
applications in fluid motion, and in the conduction of electric

currents in plates of uniform tliickness, is furnished by assuming

A=.logr, or A'= 9,

where r and 6 are the polar coordinates of the moving particle.

In the former, where tlie curves of equal action are circles with
the origin as centre, we have

'M = - z. '^-^ y
dr.^

''"
T-' dy" ^ "r'

'

SO that the paths are radii vectores described wilh velocity 1/r,

Al»o we have

2(H-V) m<m-i
S( that tho force is central, and its value is

dV _T_
~ dr " r"

'

In the second case, where the curves of equal action are radi?

drawn from the pole and

A'=e = tan-iX,
X

we havo
dX' . y dX'_ . X

l^"."'' r-' dy~''''r'

The kinetic energy is still ]/2r', and the central force - l/r*, bnt thi

pathsaro circles with the origin as centre. Thus the lines of equal
action and the paths of individual particles are convertible. -' '

We have also, iu each of these cases,

(SHI)= 0.

This shows (as in § 94) that, whatever be originally the grotipiftg

of a set of particles moving all according to one or other of tnesii

conditions, the density at any part of the group remains unchanged
during the motion. In fact, as it is easy to prove, A.and A' are

elementary solutions of the partial differential equation

^|4+f4 = o (1);
ax- dy

and they are conjugate, in the seuse that

<U^f?A' 1A__£A'
dx dy ' dy dx

'

For this reason the paths belonging to the two systems are every*

where orthogonal to one another!

Also, as the differential equation (1) for A is linear, any linea,

function of particular integrals is an integral. Thus, for instancy

we may take {p being any constant)

A = logr-jo9

,

with A'=7)logr + 9.

These, representing orthogonal sets of logarithmic spirals, posses!

the same properties with regard to action as did the concentril

circles and their -radii, which, in fact, are the mere jiarticular caw
when p= 0.

§ 213. It is easy to give graphic methods of tracing these cnrvei

of action by means of an old process rerently much developed bj
Clerk Maxwell. The present example, though a very simple ona,

is quite sufficient to illustrate the process.

Draw, as in fig. 56, a set of circles whose radii arc £", £'", £*','

&o., and a set of radii vectores making with the initial line tli^

successive angles, —
, 2— ,

'3—
, &c., o being a quantity whicl^

may have any convenient value. These lines will form a notr ork<

finer as a is smaller. Now suppose wo wish to trace the curve

A— no.

TVe take the intersection of the circle whose radius is t" with VM
radius-vector corresponding to the angle

(s-n)SL.
P

Thtis we have for the value of A at the point of intersection

A-log£'«-;,inL.
P

— ro , as required.

Bv marking the intersections corresponding to different Talues ofs
wo have a series of points in the re<i>\ircd curve which, by ad.vnut
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liicnf oftlie vahte of a, inny be iiiailc to lie ns cUiso togetlicr ns is

found necessary for trailing tliu curve of action tlirough tliem libera

In, fig. 56 portions of three separate sets of niulually orthogonal
logavitliniio spirals have hecn traced, by using the intersectious of

'he fundamental straight lines and ciivles.

A\'e may pursue the subject much farther, by combining parti-

cular solutions like those given but t^Jcen from different origins.

AVe can afford space for one only. Let P, Q (tig. 57) be points on
the axis of x, distant a and -n from the origin, R any point in the

filane of the figure. Let PK= r, ^RPa: = 9, UQ-J-j, .<iKQz = »i.

Then if

A=logr-logr,

,

w« muB* have, not only the
equation

d-K rf-A „

dx- dii-

satisfied by each of A and A',

but also the conditions

dx~ dy ' dy dx

This follows at once from the
fact that all the equations are

linear. ^'S- 57.

§ 214. In fig. 57 we have e* = PR/QR. Hence the locua of fi is

a circle, whose centre, B, is on QP produced.

Again A'= ^HPj-^RQ.);-^P1{Q. The locus of R is, in

this case, any circle passing through P and Q.
I'hese circles evidently cut one another orthogonally in R ; for

BR, which is a radius of the one, is a tangent to the other.

Thus particles taoving in a plane, so that the speed at any
•point R is inversely as PR. RQ, may describe circles in which PQ
13 a chord. In this case the curves of equal action are circJes de-
fined by the condition that the ratio PR : RQ is constant. Or they
may move in the latter system of circles, in which case the former
system gives the lines of equal action. For the equations in the
preceding section give

(i-om which the conclusion is obviou.s.

We may easily extend this example ti other sets of orthogonal
purves whose equations are

A,-»A-fA',
t, = -A-HM',

where A and A' have their recent values. Or we may extend the
example by assuming at starting

A=Hilog;-- !H,logr,

,

in which case it will be found that we must have

A' = w8-m,9,

.

These pairs may again be combined into

pA + A' and -Ah ;)A', and so on.

It will bo nolii'cd that in these examples the curves of eqnal action Analogj
and tlje paths of the particles correspond in steady fluid motion betwfn
to curves of equal pressure and lines of flow, and in electric con- action

duction to equipotential lines and current lines. In such cases in and
fact, where there is no vortex-motion, the action is closely analogous velocity

to what is called the " velocity potential" in a fluid. potentiU

Generali:ed Coonlimitis.

§ 215. By the help of the result already obtnined in cou- General-.

iie.xioii with least action, we may easily obtain in a simple, iz«d co'

though indirect, way the remarkable transformation of the""^"''

equations of motion of a system which was first given by
Lagrange. We are not prepared to give here' the trans-

formation to Generalised Coordinates in its most general

form ; but, even in the restricted form to which we pro-

ceed, it is almost invaluable in the treatment of the motion

of conservative systems of particles in which the number
of degrees of freedom is less than three times that of the

particles. The one point to be noticed is that, when we
restrict ourselves to a system of this kind, the expression

for the kinetic energy, T, is necessarily a pure quadratic

function of the rates of increase of the generalized

coordinates. This is obvious from § 19. Repeating with

generalized coordinates the investigation of § 202, ws havo

A ~ 2/Tdl =/(T •^ H - V)(«.

Hence SA~/(ST + SH-SV)dl.

yow let $, tp, \fi, &c., be the generalized coordinates, and we hare

2T = Ptf= + 2Qtf0-HR0-+

where P, Q, R, . . . are in general functions of B, <p, <j/, . . . Of
course V is a function o{ 6, <p, tfi . . . alone, and does not Involve

i, 4>, 4', &c.
Thus we have, writing for one only of the generalized coordinates,

SA ]dl + iSKy((S)«'(S)'-(S)">

=<'S..)...H->[(i(S)-S4;)..]
But we saw that, for any natural motion, the unintegrated part of

SA necessarily vanishes. Thus, as S, <p, ^ . . . . , and, therefore,

their variations, are by their very nature independent of one
another, the vanishing of the unintegi'ated part gives us one
equation of motion for each degree of freedom, the type being in all

of them the same, viz.,

dl\d6j \de)'^{de)dl

To exemplify the use of these equations we will take again a few Ex-
of the more important cases of constraint alfeady treated, and will amples.

then proceed to some others of interest as well as of somewhat
greater complexity.

In the simple pendulum, I being again the length of the string,

and d the inclination to the vertical at time t, we have obvionsly

i:=hnP6-, Y = C-mglcose.

Hence (S)
= ...., (S)

= 0, (S)=.,.sin..

Thus the e<iuation of motion is

ml-S + mglsm8 =

§ + JLsme^ = 0,

as in § 134.

Suppose the same pendulum to be moving anyhow, 8 still denot-

ing its inclination to the vertical, and denoting the azimuth of th»

])lane in which it is displaced, we have

T = hml"-{6- + sia'e.^-), \=C-mglco36
These give at once

(^)=""''' (g)=-^=-ecose.«^(g)=,«,?sii.9

Hence the two equations ara

e - sin ffcosff.0=-l- -J-
siufl = ,

^(sin=«.,^) = 0.
at
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Still keeping to easy examples, siiiipose tlje coril of the orili-

i nary simple penjiilum to be extensible, accurdiii^ to Hooke's law.

Let \ bo its length at time t. Then the tension is E(A-^,7,
and the work it can do in contracting is the integral of- this with

ii'KarJ to \ from I to \, i.e.,

Ei\ - Iflil

.

Hence wc have V = C + EU-i)=/2J-)iM/Acos»
,

Thus liHgraiige'ti equations becomo

: Betting

,« watch,

Trans-

ference

of

energy-

d
It

s« = ;)/l\ -Vl\0-+ E'A- l)/l - 117'JCOSI

equations which coulJ be obtained immediately from the applicatiuii

bt the second law, with the help of the kinematical expressions for

Acceleration perpendicular to, and along, the radius-vector of a

plane curve (§ 47).

, Instead of the complex pendulum treated in § 177, we will now
cake the case of two masses attached at dilfereut points to an

elastic string, or light helical spring, and consider their vertical

vibrations.
"i Let a, b be the uustretched leiigtlis of the parts of the string, JI

ind »i the masses. Then if {, it be the vertical displacements at

time t, wo have

T-liUe + mii + i,)-),

2\a b )

so that La; range s ec|uations arc

i.
dt

ilgi-mgUiv);

i

deflected. The jieiiocl of tiiis oscillation will be less or

greater than that of the former according as the poles

attract or repel one another.

Now the initial state of motion proposed evidently con-

si.'ts of the superposition of (A) and (B) in such a way
that tliere is, at starting, no displacement of either mass,

but a definite velocity of one of tkem only. This cor-

responds to simultaneous zero of displacement, with equal

velocities, for each of (A) and (B). There is therefore at

that instant no displacement of either mass ; and one ia

at rest while the other is moving with double the assigned

velocity. If 2ir'n, i-r'n' be the periods of the two motions,

it is obvious that after the time tt in - «') the magnets

will have interchanged their states so that the arrangement

will present exactly the same appearance as at first, ij

looked at from the other side.

Let a be the distance between the ends of the bars when all four

strings are vertical. Then, if B, p be at time t the inclinations of

the pairs of strings to the vertical, a becomes

T>^a^l{,(t>-e),

where I is the common length of the strings- The expression for

the potential energy due to magnetism is of the form /i/D, where /x

is positive if like poles be turned to one another.

Hence

V = i»>5r/(e=-f(^«)-h

Tho equilibrium jmsitions are found by supposing the accelera-

tions to vanish, so tliat, if we suppose £ and tj to be mearared from
them, the ti-rms in g will disappeai. Hence the solution is of

exactly the same nature as that already given for au apparently

different problem (§178).
Wc may mention that equations practically the same as these are

obtained when wo consider the motions of a watch and its balance-

wheel, the watch being supported in a horizontal po.iition by means
of a wire, and oscillating in its own plane by the torsion-elasticity

of the wire. Tho reader of § 242 below will have no difficulty

in obtaining this result. It suggests a practical method of
" setting " a watch to true time, without turning the hands forward

or backward, and without letting it run down.

The following i^ a simple, but very instructive, example

of the transference of energy (back and forward) between

two parts of a system. Two bar-magnets of equal mass,

length, and strength (fig. 58), are supported horizontally

by pairs of parallel strings, so that

when at rest they are in one line.

One of them ia slightly displaced

in the diro!:lioa of its length, find

the subsequent motion of both.'

If we can, by any process, find

two fundamental states of motion

which, once established, will bo

permanent, any other possible motion Fis- ^^

of the system will be a superposition of these two. The
amplitudes and phases in tho components may have any

values, 80 long as the whole disturbance is small This

follows from the fact that the system has two degrees of

freedom only,—since we are concerned only with motions

in the plane of the figure.

' (A) Now one obviously possible motion is a simple

harmonic vibration of the whole, without change of distance

between the magnets. The period of this vibration is

obviously the same as that of either magnet if tlie other

Were removed.

(B) Another obviously possible motion is that in which

the magnets are, at every instant, equally and oppositely
, ' —

' We suppose the bars to be so long, in comimrison mth tho dis-

tance between them, that wo need take account only ot the action of

their poles which are tamed towards one another.

Forming tho equations as usual, and omitting powers of and <t>

above the first, we have

ial-0= -mr/le+—J 1 - —{!p-

„;/ 21
mI-^i^ -mgl^-^i 1 (0

..,),

-.,)

from which the lesnlts abeady given may be deduced.

Finally, let us take the case of Atwood's machine (§ 173) when Atwoo'i'f

the masses are equal, and one of them is vibrating through small machine.

arcs.

Let r, 6 be tho polar coordinates of the vibrating mass ; then. One mas*
neglecting ]»weis of 6 hi{;Herthan the second, we havo the general- vibrtt£«

ized equations •

Of -,6-= -UjB-,

^{r-i)^-gre.
dt

Piit yr for r, and S\/2 for S, and we get.

i'-ri- e-,

}.i.(r-d)=-1S.
r dt^ '

Transform to rectangular coordinates in the plane of motion, 9
being vertically downwards ; then

This shows that tho vertical acceleration of tho vibrating particle is

very small, but constantly downward. Hence tho energy of tho

vibratory motion is steadily converted into energy of translation of

the masses.

When both the equal masses vibrate through small arcs, it is

found that the mass whose angular range is tho greater ha.s down-

ward acceleration with diminishing angular range. Hence it

would appear that, if the string be long enough, the entire motion

would be periodic.

§ 216. Before leaving this subject we may form, from the com--

pleto value of 5A given in last section, the generalized equation^

corresponding to those of Hamilton's "va.-yiug action," as gives

in S 204.

SVe have at once

\da)'{di) ' \d.p)~\d^)

'

{d\i)'

But, by the volue of T, we have

&c. -&c

Q()-)-R^-f
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These equations give B,"^, . > . bs homogeneous linear functions of

(S). (S).... ..at is. of (^^:). (-).... Thus.

if we substitute these expressions in the equation

which is obviously true, because T is a homogeneous function of 6,

^, ... of the second degree, \re have a partial differential

equation of the form

KS)'<i)r4)-(?J---'--^'
from which A is to be found.

The coefficients p, g, r . . . are, in general, like P, Q. R, . . .

functions of 9. ^, , . .

As an illustration, take again the example in last section, where
two masses are attached to a helical spring, and vibrate in a
veiitical line. From the value of T there given we have

(t)=(i)=''*'+'")^+'"^'

)-(S)-
Srom these we have the equation for A

~(t)'-'-(t)(S)*<""'(S)'->-"'-^'-
The value of V is given above. This equation is, of course, to be
treated according to the process illustrated in § 209.

Statics of a Rigid Solid.

§•217. A. rigid body, as we have already seefl, has at the

almost six degrees of freedom, three of translation and
three of rotation. According to Newton's scholium, the

conditions of equilibrium of such a body, under the action

of any system of forces, are that the algebraic sum of the

fates of doing work by and against the forces shall be nil

whatever uniform velocity of translation or of rotation the

body may have. For, if this were not so, tliere would Tse

Work done against acceleration, and the body would gain

or lose kinetic energy. And this gain or loss would take

place even if the body were originally at rest, i.e., it would
hot be in equilibrium. To ensure equilibrium then, all that

is necessary is that the sums of the components of theforces

in any three non-coplanar directions shall vanish, along with
the sums of their moments about any three non-coplanar

lines. For simplicity it is usual to assume for these direc-

tions a system of rectangular axes, and for the lines another

system parallel to them and passing through some definite

joint (say the centre of inertia) of the body.

Thus we have at once

2(X) = 0, 2(Y) = 0, 2(Z) = 0;

5(Zy-Y.-) = 0. 2(Xi-Za-) = 0. 2(Ya; - Xy) = ,

(*}iere X, Y, Z are the components, parallel to the axes, of

^ force acting at the point x, if, z of the body. If P,
with dir|ction cosines X, /«, v, represent the force acting at

•r. y,z, these equations may be written in the form

2(P\) = 0, 2(Pm) = 0, 2(P,/)=0

2[?(.'y-M=)] = 0, 2[P(w-«)] = 0, 2[P(^-Ay)] = 0.

These equations correspond to the sis degrees of freedom
involvei

It is easy to see that it is a mere matter of convenience through
Mrhat point of the body we draw the lines about which moments are
taken. For, if we shift it by quantities a. b, c respectively, the
moments become

2{Z(>/-J)-Y(=-c)}, &c. :

Ibut these are. 2(Zi/-Ts)-52(Z) + c2(Yp &c.;

and, by the first three eqnations, these quantities are seen to reduce
themselves to their first terms. Hence, in forming the equations of
equilibrium, ."implicity will be gained by choosing as origin a point
through which the line of action of one or more of the appUed
forces passes.

.Again, the point of amplication of any one ol the forces may be

shifted at will anywhere along the line in which the force flcts."-^
the equations of the line in which the force at x, y, z acts are

^_x y'- y g'-s
< X " Y " Z '

and these give Zi/'-Yi'-Zy-Ys, &c.,

so that the expressions for the moments are unaltered if the poml
of applic.ition of the force be shifted to any position along the line

in which it acts.

§ 218. In tbo great majority of treatises on Statics the

fundamental propositions of the subject, above given, are

deduced from the assumption (as a thing to be proved ex-

perimentally) of the result just established, which is desig-

nated the "principle of the transmission of force." Along
with it are assumed the parallelogram of forces, and the

principle of the "superposition of systems of forces in

equilibrium." Since the publication of the Principia, the

continued use of such methods must be looked upon as a

retrograde step in science.

§ 219. From this category we caunot quite except (so far Coupli

at least as the usual modes of treating it are concerned) the

valuable idea of the "couple," due to Poinsot. But the

term is in such common use, and the idea in its applica-

tions sometimes of such importance, that it cannot be]

omitted here.

A couple is a pair of equal forces acting on the same hod^
in. opposite directions and in parallel lines.

From the general conditions already given we see that a
couple produces a definite moment of force about a particu^

lar axis, but that the axis is determinate merely as regards

direction, and not as regards position in space. The forces

of a couple do not appear in the first three of the equa-

tions of equilibrium. On the other hand, the left hand
members of the other three equations may all be regarded

as moments of couples. All the properties of couples are

contained in these statements. Thus, for instance, ifr is

obvious that, so far as its effects are concerned

—

1. A couple may be shifted by translation to any other Trans-

position in its own plane. fterence

2. It may be shifted to any parallel plane.
.

"""P'*'

3. lu either of these it may be turned through any
angle.

4. Its forces may be increased or diminished in any Arm of

ratio, provided the distance between their lines of action couple,

(which is called the "arm" of the couple) be proportion-

ately diminished or increased.

A couple is therefore completely determined by means Axis of^

of its " axis," which is a line drawn perpendicular to its couple,

plane, and of length representing its moment. And two
couples are obviously to be compounded by treating their

axes as if theywere forces acting at one point.

§ 220. "We will now examine the consequences of the Eednc-

six conditions of equilibrium (§ 217) in some of the more 'i"" °%^
common cases which present themselves. But, before * ^^^
doing so, it may make matters clearer if we restate these and a
conditions in a somewhat different form. ^

cmio'

The resultant ofany number offorces, acting at any points

of a rigid body, may be represented by a single force acting

at the origin, and a couple of definite moment about a definite

line passing through the origin.

For equilibrium of the body this force psidjSuiile mvti
separately vanish.

Thus if, in fig. 59, P, acting at Q, be any one of thg
forces, and O the origin (chosen at

random), we may introduce at a pair

of equal and opposite forces ± P, parallel

to P. The original force, taken along

with - P at the origin, gives a couple
;

and in addition there is-(-P acting at

the origin.

§ 221. When only two forces act on a body, the first

J
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condition above shows that they must be equal and oppo-

site, and the second tliat they must act in tiie same line,

if they are to maiatafu equilibrium. When only three

forces act, the first condition shows that their directions

must lie in one plane, the second that their lines of action

must be parallel or must meet iu one point, if they are to

maintain equilibrium.

If their directions meet in one point we have again the

problem of the equilibrium of a single particle under three

forces ; for there can be no mom'ent about this point.

When the directions are parallel, one of the forces must
obviously be equal to the sum of the other two, and must
net iu the opposite direction. Also its line of action must
lie betweeuithoso of the other two, for their moments about

any point in it must be equal and opposite. Hence it is

impossible that any single force should balance a couple,

unless we adopt the mathematical fiction of an infinitely

small force acting in a lino everywhere at an infinite

distance ; so that its moment may bo finite, and equal

and opposite to that of the couple.

§ 222. When any number of parallel forces act simul-

taneously on a rigid body, their resultant is a single force

^ffual to their algebraic sum, with a couple whose plane is

obviously parallel to the common direction of the forces.

The forces of this couple may be made, by lengthening or

shortening the arm, equal to the resultant force. One of

them will neutralize it, and the other remains the final

resultant, which passes through a definite point called the
" centre of parallel forces." Thus any set of parallel forces

necessarily has a single force as a resultant, excepting in

tlie special case when their algebraic sum is zero.

§ 223. Excellent examples are furnished by heavy bodies

of moderate dimensions, where the weights of their parts

are forces practically in parallel lines. The single re-

sultant force, in such cases, is the whole weight of the

body. Its direction always passes through the centre of

inertia {§ 109) because weight (in any one locality) is

proportional to mass. For this reason all heavy bodies of

moderate dimensions are said to have a "centre of gravity,"

which coincides with the centre of inertia. But it must be

noticed that the two ideas are radically different, and that,

•whilo every piece of matter has a true centre of inertia, , it

U, in general, only approximately that we can predicate of it

that it has a centre of gravity. In fact a body has a true

centre of gravity only when it attracts, and is attracted by,

all other gravitating matter as if its whole mass were con-

centrited in that point. See Potential. When there is

a centre of gravity in a body, it is necessarily coincident

with' the centre of inertia. In gravitation cases, where

bodies of moderate size are concerned, the resultant is, at

least approximately, a single force. But, when we deal

iWth large non-barycentric bodies like tho earth, we find

that the resultant of the sun's attraction is a force (deter-

mining the orbit) and a couple (producing precession, (fee).

When a mass is laid on a throe-legged table, wc find

the pressure which each leg supports by simply taking

moments about tho line joining the

upper ends of tho other two. Tho
leg is thus seen to support a fraction

of tho weight of tho mass, whose nu-

merator is the distance of the centre

of gravfty of tho mass from this line,

and its denominator tho distance of

the leg from tho same lino. Thus we
have a physical proof of the geomet-
rical proposition that if any point, P, be taken in the plane
of a triangle ABC (fig. GO), and perpendiculars be drawn
from it and from tho angles, we have

If the mass of the table is to-be reckoned, Pmust be taken
as the centre of gravity of the system of table and lua4
together. If the table be of uniform material, triangidar

and supported by legs a', its corners, similar reasoning
shows that when it is unloaded (or loaded at its centre of
gravity) each leg supports one third of the weight.

§ 234. Examples in winch the resultant is a single

couple are found in rigidly magnetized bodies placed iu

a uniform magnetic field. As the amounts of N, and 8.

magnetism in a body are always 'equal, there is no forcu

of translation in a uniform field. The resultant couple
depends for its magnitude on the orientation of the body,
and the positions of equilibrium are those for which its

moment vanishes.

§ 225. Let P at x, y, s, bo one of a system of parallel forces, their
direction cosines beiwg A, /», v. Let Q be the resultant force, anJ
If, with direction cosines a', h', r, the axis of the resultant cou[ile.

Then our conditions become
Q = 2(P),

A'R = 2[P(ri/-^;)], ,.'R = 2[P(As-ra)]. v'^ = -S.{V{,xx-Ky)-\.

The last three ecjuations give tlic following conditions deterisiB-
ing K, A', II, v':—

A'R -l-/iS(P:)-.'2(Pj)-0,

-A2(Ps)-fM'R +>'2(Pa.') = 0,

+ A2(Pj/)-/i2(Pa;) + i''R =0.

From these we have the equation of condition

AA' + nil -hvv =0

f

showing that the axis of the couple is at right angles to the commo
direction of the parallel forces.

We have also

R-= = (2{Px))= -H (2(P2/)r -t- (2(P--))= - (A2(P.r) + ;u2( ?y) + .'2(Pz))'.

Tliis expression is of the same form as that in § 77, and we there-

fore conclude tliat, it' A", jx", v" be tlie direction cosines of a line iu

the body such tliat

a" _ /i" _ v"

ifF7)-2(Pj/)"2{n)'

the mac^itude of the resultant couple is directly as the sine of tho
angle between this line and the conmion diieetion of the parallel

forces. In fact the mere form of the three eniiations above proves

this result.

In thecaseof a body of moderate dimensions, acted on by gravity,

P is the weight of the element at y, y, s, and thorefore pronortionol

to its mass, so that if the centre of inertia bo taken as the origin

we have

2(Pi:) = 0, 2(P;/) = 0, 2(P2) = 0,

and there is no couple. The whole effect is therefore the same as if

the mass were condensed at the centre of inertia.

In the case of a nmgnet,
2(P) = 0,

and there is no translatoiy force. The couple, a? we have seen,

depends upon the orientation of the body as regards the direction

of the line of the earth's magnetic force.

§ 226. We have seen that anj' system of forces acting

on a rigid body may be reduced to a force and a couple ; also

that when the force is in the plane of the couple the

resultant can always be put in the form of a single force

acting in a definite line in tho body. When the force is

not in the plane of the couple, we may resolve tho couple

into two components, the plane of one being jiarallol, of

the other perpendicular, to the force. The first, when
compounded with the force, merely shifts the line in which

it acts. Thus any system of forces may be reduced to a,

single force, acting in a definite line called the " central

axis," and a couple in a piano perpendicular to it. One of

tho forces of the couple may now bo compounded with the

single force, and thus we obtain, as the resultant of any
system of forces, a pair of forces in non-intersecting lines not

perpendicular to one another. This is only one of an infinito

number of ways in which fancy, or convenience, may lead

us to represent the equivalent of a group of forces. Many
very curious theorems have been met with in investigations

on this subject. For instance, by compounding one of tho

forces of tho resultant couple with tlw resultant force (not

15-2(5*
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.-70.

now necessarily perpendicular to its plane) wo have a

^tem of two forces acting in non-intersecting lines.

Then we have the following curious proposition, which may
easily be proved from the formulai already given :

—

W/ten a system offarces is reduced in any manner viliai-

tver to two, the -volume of the teiraJtedron of lohich these are

Vpposite edges is constant.

§ 327. The mast sj^mmetrical pair of resultant forces is

found thus. Take any point P (fig. 61) in the central axis,

and draw through it a line APA',
perpendicular to it, and bisected

at P. Substitute for the single

force at P its halves acting at

A and A' respectively. Combine ^
j

these respectively with the forces i

AQ, A'Q' of the couple when v
AA' is made its arm. The system Fig. 61.

is thus reduced to two equal forces AR, A'R', whose direc-

tions are interchangeable by a rotation of two right angles

about the central axis.

Let P with direction cosines K, n, v be one of the forces, and let

X, y, z be its point of application. Then

X-.5(Pa), Y= 2{Pm), Z=-2(Pv)

are the components of the single force at the origin.

Also l.=:s[?{vy - liz)-]

M=-2[P{\3-wr)]

N«2[P(jLUC-Ay)]

»re the components of the resultant couple.

If we shift the origin to the point a, b, c the first three quantities

are unrilt^red, but the couples become

L'-= L+cY-bZ
M' = M-HaZ-cX
N'-N-i-JX-aY.

The point a, 5, c is on the central axis if the axis of the resoltant

eonplehe parallel to the single force, i.e., if

L'_M' N'

X".Y • Z

or L= cX-cY-l-JZ,

M= cX-l-eY-aZ,
N=-6X-l-aY-fcZ.

Either of these sets gives the equations of the central axis.

The resultant force and couple are in one plane, and therefore the

resultant is a single force in the central axis, when

L'X-firY-fN'Z-O.

By the values of L', M', N', above, we see that this is equivalent

XX-|-MY + NZ=0.

Whcn'this last condition is not satisfied, we see that the value of

the left Baud member which, from the way in which it occurs, must
obviously be an invaiiant, is

e(X=-t-Y2 + Z=),

where e has the same value as in the three equations above.

§ 228. One of the most remarkable of the many curious

theorems conc.ected with the single resultant of a system

of forces is thut of Minding. We have seen that, in general,

the resultant may be put in the form of a single force and

a couple in a plane perpendicular to it. If we now suppose

• the system of forces to be shifted into a new position such

that their points of application, their magnitudes, and the

angles between their directions two and two, all remain

unchanged, the resultant force will be of the same magni-

tude as before, but the couple will in general be different.

Of the infinitely infinite number of possible positions which

the forces may assume, an infinite number correspond^ to

a zero couple. Minding has shown that the lines of action

of these single resultants consist of all lines passing through

each of two carves, fixed in the body, an ellipse and an

hyperbola, in planes perpendicular to each other. The

proof of the pr-oposition gives an interesting example of

the use of Eodrigues's poordinates (§ 83).

-= c, suppose ;

The most oMnous modeof attacking this question would be to
resolve the applied forces into three groups, parallel respectively to
three rectangular axes which revolve with tliem, and to choose
those axes so that the sum of the resolved parts does not va-ish
parallel to any one of the three. Each of these sj'stems of parallel

forces has its own "centre" (§ 222),—so that thelinal resolution
gives three forces, each of a givon magnitude, acting in any
mutually perpendicular directions at three dehnile paints in the
body. This, liowever, is not analytically so simple as the following.
We refer the body to fixed axes Ox, Oy, 0:, to be afterwards'speci-

fied. As tlie oiigin and the directions of these axes are at oul
disposal, we may impose six conditions. Now suppose the forces to
be resolved parallel to a set n( rectangular axes Ox , Oy', Os' which
will be considered afterwards to rotate with them. Such a system
of axes may, at starting, have any assigned position. This gives

us three conditions more. Let then A, B, C be the comiKUientsi

parallel to the second set of axes, of the force applied at the point
whose coordinates referred to the. first system are a, b, c. Let tho
direction cosines of the second system in any of its future positions,

referred to the first system, be l^, m^, n^; Ir^ m„, «,; I3, wij.it.i' re-

spectively.

Then the force at a, 0, c hastne following components :—

A?, -l-B/, -fC/3, parallel to Ox
Ajfii-fBmj + Cwj, „ „0y
Aji, +'Bn„ +0>i2, ,, ,, Oz.

The expressions for the resultant force and couple at the origin

will evidently depend upon the following twelve quantities, besides

the direction cosines, viz :

—

2A, 2B, 2C,

2{Aa),2{A6),;2(Ac),

2(Ba), 2(B6),.2(Bc),

:2(Ca),^(C6), :2(Cc).

Assmne^B— 0, 20 = 0, i.e., let Ox' be always parallel to tho direc-

tion of the resultant force. Next, let

2(Aa) = 0, 2(A6) = 0,:2(Ai:) = 0,

i.e., let the origin be chosen as the "centre" (§ 222) of the

forces parallel to the resultant force. .4s we have still font

conditions to impose, we select the following;

—

2(Ba) = 0, 2{Bc) = 0, 2(Cfl) = 0, 2(C6) = 0.

These express that the plane of the couple due to tiie forces C passes

through Qy, while that of the forces B passes through Oz.

Write now
2(A) = S, 2(B5) = ?5, 2(Cc)= 57.

The force and couple at the origin are

These are equivalent to a single force if (§ 227)

('i«2
-

«i.'ii)3
- (^mj- m,/3)7 = ,

or 111^0- n^y^O " (1)

This is the required condition. When it is satisfied, the equations

of the line in which the siugle force §. acts are,any two of

hi-n,i= hy, (2>,

TOi{-Zjr) = -Zj/3 )

the condition that these three agree being (1).

ElLmiiiato l^ between the last two, and we get

i{m^i-'n,fi)= lir-n-lS(, C3).

Now introduce in (1), in the first of (2), and in (3), Rodrigota'i

values of the cosines (§ 83), and they become respectively

(j/s - K-x);»- (i/3-)-«-x)7=0

,

(xz - wi/)n - (wz-^ xyK= {y~ + "•2^)5 - (y- - ^^)t >

^(j« -1- xy) - ^i)(x5 - ivy) = (xs -I- wy)yi\ - (xy - ivz)^^.

Reairanging according to y, z, and yz,

{/3 -7)2/2-1- (WT) + xf)?/ - (X17 - tt'O^ + (i3 + 7)«3-'= .

[f(i + P)^

+

1CI - 7)"'];' + [Ctf - e)ti> - vii

+

7)^>= ,

the second of which may be put, by: means of the ifirst, in the

form
(.u-ri + xQy - i^n - «-0=+ -iB + 7)!<.*-r = 0.

These three equations involve v, x, y, z in the form of the ratios

only of the last three to the first. The last two are linear in

ii — , Solving them, and substituting in the first we find.

finally, a biquadratic in —
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Hence, if particular valu'js to assigned to f, ij, (, v:e finj four

values of - . Tims, iu gcncial, thcie are four positions of tiie

if

eingle rcsultajit force paroirig tlirougli any point.

but, without forming tlio biciuailratic, we may easily obtain

Mindiug's theorem. Siippose'vve seek the locus of all points in whicli

the plane {i can bo cut by the line of action of tli« singie force. We
Lave f=0, and the equations above are reduced to

{$-y)y:-{0 + y)u:x =0,
r){wy-x:) + Z(,0+y)wx = O,

Q-y)jl'^-{i + y)xz =0.
From the last two we find

-7H;={e+7)(f-7)w;
-yvy=-'B +yM + y)r,

so ih<tt Sually, by tbe first,

(/3»-7=)({=-r) = 7V,

or ^
y

Ki)-

Had we put i> = U, we should have found, by a similar process,

(5).

(4) and (5) represent aji hyperbola and an ellipse, or an ellijise and
au hyporbok, respectively, according as &- is greater or less than yf.

In either case the vertices of tlie hyperbola coincide with the foci of

the ellipse; so that the two cnrves are linked together.

It is DOW easy to see that, from any assigned point of space, the
two curves will appear to intersect one anotherin four points. Two,
or all, of these may in special cases coincide. Lines drnvn to these

points give the four positions of the single force which can pass
through the assigned point.

Examples of Statical Methods and Theorems.

ladder § 229. Suppose a ladder to be leaning against a vertical
leaniog ^all. If there be no friction, what force, applied at the
«^mst a

Iq^^j. g„(]^ ^ju jygj sufEce to support it ?

In the treatment of all questions of this kind the student
should commence by making a rough sketch of the

situation, indicating all the forces con-

cerned, with the directions in which they q
act. As shown in fig. 62, the wall

exerts an outward thrust S on the upper
end of the ladder, the ground an up-

ward thrust E, on the lower end. The
only other force is gravity, which may be
supposed to produce a downward force

at the middle of the ladder, equal to its

whole weight. Unless there be some
other horizontal force to balivnco S, the

ladder will obviously slide down. Suppose
then a horizontal force F to be applied Fig. 62.

at the lower end, and let the ladder be inclined at an
angle a to the horizon. Then our conditions become
horizontally S-r=0,
vertically W-R-o,
and for the couple in the plane of the figure, I being the
length of the ladder,

iW/cosa-SZiino— 0.

[The last equation is obtained by taking moments about
the lower end of the ladder, this point being chosen

(§ 217) because the directions of two of the forceD pass
tlirough it.] From these equations wo find at once

F= S-4Wcota.
It is to be observed that the requisite force F is very

smail while the ladder is neatly vertical, but increases
without limit as it becomes more nearly horizontal.

§ 230. Nest let us vary the question by supposing the
coefficient of friction on the ground to be /i. The equations
are precisely the same as before, and the limiting value
of a for which equilibrium is possible is now to be found
by putting

Thus 2u-cota

gives the smallest value of a for which equilibrium is

possible. For any larger value of a less friction is called

into play.

§ 231. If next we assume tbe •wall also to be rough, a
new friction force, G, comes in. The equations (for any
given value of a) are

S-F=0,
w-ii-a=o,

J'\\7cosa-S;sina-G?coso=0 .

Here there is a certain amount of indeterminateness which-

our formula; cp.nnot escape (although of course it does not
exist in nature) so long as we are not dealing with the
limiting case in which motion is about to commence. la
that case we have the additional conditiona

G=/iS, F=.,uR.

Thus, in all, there are five equations. These are requisite

and necessary because there are four forces S, G, R, F to

be determined, as well as the sjDecial value of the angle a.

The result of eliminating the four forces is

2^

§ 232. We may still further vary the question by sup- Man op-

posing a man of weight w to ascend the ladder. Let e ladi«*

represent the fraction of the ladder's leiigth which he has
ascauded. The equations are

S-F-O,
W + k;-R-G= 0,

(4'W + cuj)? cosai - S/siaoj- GZco3ai=0

.

Introducing the condition that slipping is jnst about tc

commence, we obtain

iana=

tanai

tana

1 + 2.

where a has the value givem in § 231. Hence the limiting

angle is increased or diminished by tbe load tm the ladder
according aS

2(1 + M=)<:-2;u' 2^1-/1',

i.e., 2.51.

The ratio vjiVf does not appear in this c;adition. But it

shows its importance when e is either greater or less

than i.

Hence, when the ladder is just about to slip, a man
makes it more stable if he stands anywhere on the lower

I

half of it, but brings it down if he mounts higher. We
I conclude that, so far as sliding is concerned, it is advan-

tageous to make the lower half of a ladder more massive

than the upper half.

§ 233. Suppose a ladder, with its lower end resting

against a wall, to be supported by a horizontal rail naralfcl

to the wall (fig. C3). This case

is chosen because it illustrates

definite limits within which

stability is ensured.

Let a bo tho half length of the

ladder, a its inclination to the horizon,

6 the distance of the rail from the p
wall. Snpposo the Udder in sndi a

position that if there were no friction

it would slip downwards. Then tho

oijuatiohs of equilibrium are ^'8- 63.

E + Gco3o-Ssino = 0,

F + Scoso + Osino-W-0,
Siscca - Wacosa -= .

In the third of these equations the lower end of the

ladder has been chosen as the point about which moments
are taken, because the lines of action of three of the forces
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pass thraugli it. Here agaiu tliere Is indetermiriateness,

because there are two places at which friction comes in,

and we do not know at. which it is most freely exerted.

But if the Jvhole be on the point of slipping, we have as

before the aJr'itional data

.These lead tp the equation

(l-/i')cosa + 2^siiia =— sec'o.

if we introduce an angle r, such that

COSv-—ft-

tkis equation becomes

cos 'a 003(0-1-)^

2m

b b ,v

'a(l+^L^}''a^°^ 2'

the right-hand member of which must necessarily be less

than 1.

This determines the lowest position of the lower end
consistent with equilibrium, and the mere change of sign
of IX, and therefore of v, alters it- into the equation for tho
highest. The signs of the friction terras are changed when
the direction of slipping is supposed to be reversed.

Kinetics of.a Eigid Solid.

§ 234. The motion of a rigid body is, as we have seen,

completely determined when we know the motion of one of

its points and the relative motion of the body about that

point. The point usually chosen is the centre of inertia of

the body, and the investigation of its motion comes under
the kinetics of a particle, which we have already sufficiently

discussed. For we are perjnitted to suppose the whole
mass to be concentrated at that point, and to be acted on
by all the separate forces, each unaltered in direction and
magnitude. Hence we may now confine ourselves to the
study of the motion about the centre of inertia which, for

the moment, we may look on as fixed.

To illustrate, in a very simple manner, the new concep-
tions which are required for the study of this question, let

us take a uniform circular ring of matter, of radius R,'

revolving with angular velocity 10 about an axis through
its centre, and perpendicular to its plane. Its moment of

momentum is obviously

M . Eo. . R or JIR= . v.

Its kinetic energy is

4J[(Ra,)' or PIR' . 0.5 .

If it be acted on by a couple C, in its plane, C is the

rate of increase of the moment of momentum, 01;,

MR'.u,-C.

The work done by the couple in time it is

and the increase of kinetic energy is

JIR- . adSt

,

By equating these we have (after dividihg-both sides by
•)) the same equation as we obtained from the rate of
increase of moment of momentum, It will be observed
that these equations are of exactly the same form as those
for the motioh of a particle parallel to one of the coordinate
aie.'^, only that w takes the place of a velocity (such as x)
white the expression MR- takes the place of M, and the
right-hand side is the moment of a force, not a force
simply.

§ 235. Hence, generally, we define as follows :

—

Def. The " moment of inertia " of a body about any
axis is the sum of the products of the mass of each particle
of the body into the square of its (least) distance from the
axis.

The following theorem enables us at once to find the

moment of inertia about any line, as axis, from that about^

a parallel axis through t^e centre of inertia.

Let the line be chosen as tk* axis of z, then the Diomeut of
inertia about it is

But, if 1, S ^0 the coordinates of tlie centre of inertia, {, d ths
coorJiuatcs of m ", ith reference to that ceutre, «vo h/«ve

and the above expression for the moment of inertia becomes

Sm{i'' + j?» + 2i{ + 2^ri -H (« + ,^)

,

By the property of the centre of inertia, § 109,

2(m{) = 0, 2()n7,)-0.

Hence the above' expreseiou consists of two parts:

—

the moment of inertia about a parallel axis through the centre of
inertia, and

2(m).(ie»-Hp»)

the moment of inertia of the whole mass supposed Concentrated at

its centie of inertia,

§ 236, Hence we need study only the moments of inertia

about axes passing through the centre of inertia. Bat
we will commence with an origin assumed at hazard.

If the direction cosines of an axis through the origin be
A, fiL, V, the square of tho distance of the mass m at x, y, z

from it is

a" + !/' + 5* - (\x + /ly + «)'

Hence the moment of inertia is

I - S)n(a:» -H i/« -H S» - (XZ -f /»y -^ n)*i

= 2»!((v» + c=)a' -Hi' + 3?)y?+ (a? -H y'lf' - 2xy\ii - iyzi^v - izxvK)),

which may be written

a = .A.\= + 2G,\/i + -B,j? + SGiMV + SGj^X -1- C^»

.

If we measure o£F, on the axis, a quantity p whose
square is the reciprocal of ^, and call its terminal coordi-

nates ^, rj, ^, this equation becomes by multiplying both
sides by p-

1 - A{5 + 2G3{, + Bq' + 2Gi7j C-l- 20ja + Cf

.

As the moment of inertia is essentially a positive quantity,

this equation represents an ellipsoid. It must of course

have three principal axes ; and, when these are taken as the

coordinates axes, the terms in irj, rj^, and 1$ in the above

expression must disappear.

8 237. Hence at every point of every rigid body there Priicip^

are three " principal axes " of inertia, at right angles to one "*^.°'

another. One of them is the axis of absolute maximum
'""

moment, another that of absolute minimut".

Our equation now becomes, when reftrred to these axes,

1 = A{' + B,» + CC=,
or, dividing by p',

Thus the moment of inertia about any axis is found from thos*
about the principal axes at tbat point by multiplying each by the

square of the corresponding direction cosine, aud adding the results.

For the quantity A.was nritten originally as

i.e., it is the moment of inertia about the axis of z. We see alsa

that, at every point of a body, there are three rectangular axessucli

that the expressions

a(msy), a(myj), 2(ma:)

vanish when these are taken as coordinate axes. _
.. To find how these axes are distributed in a body, let us suppose

it referred to the principal axes through its centre of inertia, and
let SU-;, JU-J, JR-| be the moments of inertia about them. The
quantities k^, h,, k^ are called the principal "radii of gjTation."

Then, by the results above, the moment of inertia about a line

K fi, y through the point , 3, 7 is

For a principal axis this is to be a maximum or minimum, witl^j

the sole condition

fi.'+ii' + r-l.

inertit*
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Hence, Up be an undetermined multiplier, v.-e have

(t; +p)\ -a{aK + $ii + yy)--0,

(*;+/>> -i3(a\ + /3^ + 7i/)-0.

{kl +p)r -y{aK + 0ii + yi/)-O.

liut, if we consider a surface of the second order

X' y- i'

A;+i) k\+p kl+p'
1.

confocal with ih,e ellipsoid

4 + J., .
*' *1 *3

the direction cosines of its normal at x, y, z are

r-1. (a).

K: fjiw:;
y

" k\+p ' k\+p ' k\+p'

Uence, if this surface pass through the point o, /3, 7, we Lave

(k\+p)y~Vy,

where P is determined by the equation

\k\+p kl+p k',+pj

Substitute this value of P in the preceding equations, and they
become identical with those above given for determining the

jtrincipal axes at o, 0, y. Hence Binet's Theorem :

—

The principal axes at any point of a body are norvtah to the three

tttrfaccs of the second order vhich pass through that point and are

confocal with the elUpsoul (a).

^naciI)•l § 238. We will here tabulate the values of the moments
motnenta of inertia about principal axes through the centre of inertia,

^^^' in a few specially useful cases.

1. Plane uniform circular disk.

Divide it into concentric rings, of radius r, of breadth Jr. Then
the moment of inertia about the axis through the centre, and per-

pendicular to the plane, of the circle is

'/' 2irr'dr=JiraV.

where a is the radius, and p the mass of a square unit, of the disk.

But the mass is wa^,
80 that A-J - \a\
This of course, applies to a circular cylinder. Obviously, in the
disk

kl-k\~\k\-\a'.

In fact the moment of inertia about an axis di'awn perpcndicnlar
lo any plane figure at any point is equal to the sum of the other
two about rectangular axes which lie in the plane. The one is

{|m(jr' + ir)i and the others are 2»w~ and imy' respectively,

\% Uniform rod of length /, p mass per unit length.

00 that k\-k\ = ^P.

3. Uniform ractangrJar plate, sides a and b, axis parallel to b.

«o that k\ -^\ and k\-^b.

Hence, by the remark above,

*I-A («' + *=).

4. Uniform sphere, radius a, p mnsa per unit volome. Her«
2(?M^')-2(my^)-2(nu'),

•ad therefore the sum of any two is

-§2m(ari + »/' + :').

Thus MA-;-Mi-;-lU;-§4Tp/'Vrfr-VV"po'.

But M - jwpn',

and thus ]c\^k\-k\-la\

' 6. Plane uniform elliptic disk, semiaxes o, J ; omasa of unit area.
Moment of inertia about a is

go that

dx'
rab'p

From this follows immediately
6. Ellipsoid, semiaxcs a, b, e, and of uniform density ;—

A-J-H'-' + O. Ai = i {!:• + «-), kl^Ha' + b-).

From these we can, of course, reproduce the result for a sphere.
7. Rectangular parallelepiped, eilges a, b, c :

—
*; - I'r {1^- + C-), kl = -h(.c- + a'), k; =^ (a- + b').

The determination of moments of inertia is, like that of centre*
of inertia, a purely mathematical matter, the full discussion of
wliich would lead us away from the proper objects of this article.

§ 239. The simplest cases that can present themselves so
far as rotation is concerned (for the translational effects on
a rigid body are treated precisely as if it were a mere par-
ticle,—a process already sufficiently illustrated) are those
in which there is one degree of freedom to rotate, i.e.,

when the body is rigidly attached to a fixed axis. Here
the physical conditiou is simply that the rate of increase

'

of moment of momentum is equal to the moment of the
resultant couple about the axis of rotation.

§240. Let us recur to A twood's machine as a first example, Piilleyoi

and suppose the string not to slip on the pulley, so that the Atwood'^

pulley must turn. In this case we must observe that the
"''"^''^'^

,

two free parts of the string are now, as it were, separata
strings, so that we have no right to assume their tensions
to be equal. In fact if they were equal there would ba
no acceleration of the rotation of the pulley, nor of cours*
of the common velocity of the two masses. We assum^
that the pulley is symmetrical,. and the axis through itg

centre of inertia.

Let a be the radius of the pulley, and w its angulai?

velocity, then ooj is the linear velocity of either mass.
Thus the linear acceleratibn of each of the masses is equal
to a times the angular acceleration of the pulley. But
the linear acceleration multiplied by the mass is the
measure of the force producing it ; while the angular
acceleration multiplied by the moment of inertia is the
measure of the moment of the couple producing it. Thua
we have (M being the mass of the pulley, and k its radius
of gyration)

Mi= X angular acceleration = (T' - T)a

,

m' X linear acceleration = m'g-V ,

m X linear acceleration = T - mg

.

Eliminating T and T', and taking account of the above"
relation between the accelerations, we find at once

Linear Acceleration «- .
" "'"•

_ „ .

m' + »i + Uk'ja'' ' '

from which, by the last two of our equations, the separate
values of T and T' may be found.

If we compare this result with that obtained in § 173,
on the supposition that the pulley was perfectly smooth,
we see that the only difference is in the addition of JU'7a*
to the sum of the two masses. Otherwise the nature of;

the motion remains unaffected.

§ 2\\. Let us next take the case of a body of any form r^m-"-

attached to a horizontal axis which does not pass through I'our.d

its centre of inertia. In such a case gravity is the force r«-"''^J

producing motion, and we have what is called a " com-
'"^"

pound pendulum." Draw through the centre of inertia

a lino parallel to the axis ; let h be the distance between
these lines, and 6 the angle which their plane makes (at

a given time) with the vertical. The moment producing
angular acceleration is obviously

- n\ghsin0

.

Divide by the moment of inertia about the axis, which by
a previous proposition (g 235) is

m(A-» + A>)

(where k is the radius of gyration about the line drawn
through the centre of inertia), and wc have for the angular
acceleration

gh sin 6

~l?Th*
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In the case of a simple pendulum of length /, we saw
-that the angular acceteration is

17 sin 9

r~

Hence the motion of the compounrl pendulum will be

identical with that of the simple pendulum when, and only

when,

Z=- ^*!= 2A- +<^^'

Coinplex

torn-

pound

EUOdVL

h h

As h and k are necessarily positive (or rather signless)

quantities, the smallest value of I is evidently when Ic — h.

Hence the shortest time in which the mass can vibrate

about any axis parallel to the original one corresponds trf

that of a simple pendulum of length 2it. When h is made
either less or greater than I; the length of the equivalent

simple pendulum increases, and for any assigned value of

/ greater than 2^- there are two corresponding values of h,

one less and the other greater than k. Their sum, however,

as we see by the coefficient of the second term in the

eqnation

is alwnys eqnal to t.

If then we can find two parallel axes in a rigid body,
lying iu one plane with the centre of inertia, and on
<}ppositR sides of that point, such that the time of oscilla-

tion is the same for each, the distance between them is

the length of the equivalent simple pendulum. Kater
made use of this proposition in his determination of the

length of the second's pendulum, under the circumstances
in which it was defined by Act of Parliament as 3 datum
for restoring, in case of loss, the standard j'ard.

§ 242. Suppose now that a second body is attached to the
first by an axis parallel to that about which the first is con-

strained to move ; and, for simplicity, suppose the centre

of inertia of th« first body to be in the plane containing the

, two axes. Here we have a complex compoicnd pendnfum,
and it is interesting to compare the motion with that of

the complex simple pendulum of §§ 177, 178.

Let m', h', if> correspond, for the second body, to «i, Ji, for the
first, and let a be the distance between the axes. For variety we
will adopt Lagrange's method. We have clearly

V = C - nijrftcos - m'g[a cos 9 + /t'cos ^)

.

These would enable ns at once to write down the erjuations of motion,
however large be the disturbance, but they are too complex for our
present work. Let us then assume <j> and 8 to be very small, and
ire have

{m(J'+ S') + OT'a'}§ + m'a7«'0=" - {7nU + m'a)gO,

m'{k'- + Ti'^)<p + m'ah'i = — m'gh'<j>

.

Combining, as before, by means of an undetermiued multiplier, we
IlSVB

(»j(i' + A') + m'a'+ \m'ah')9+ (tiiVi'+ \m'(/t''

+

liT') )^

= -g{{m7i + m'a)B+ \m'h'(p''^ .

13ma tha two values of \ are given by the ecj^uatiou

m'ah' + \m'(k'- + h'-) xm'k'

m{lc'- + h-) + m'a- + Km'ah' mh + vi'a-

'

Thia may be written in the form

A + \ \

where B is greater than A; and A, B, C are all essentially positive,
if the bodies have been only sliglxtly displaced from the position of
atable equilibrium. The equation gives

A.» + (B-C)\-AC = 0,

so that the values of \ are essentially real and of opposite signs. If
wo write ^- B for A, this equation becomes

*i=-(B-l-C);i+(B-A)C-0,

as that On values of x+ B are both positive, and therefore ths
taction of either mass is the resultant of two simple bannonic
motions.

§ 243. A well-known puzzle in connexion with this subject

used to be " How to distinguish between two Tiollow shells, Roinrc

one of gold the other of silver, if their diameters and masses of holioi

be alike, and both be painted." If wo observe that the ^l''"-''-

volumes of equal masses are inversely as the densities, the

volume of the gold shell is seen to be less than that of the

silver one, and therefore, on the whole, its mass is farther

from the centre, and its moment of inertia greater. Hence
any form of experiment in which the moment of inertia

comes in will suflice to decide the question. Thus they

'might be alternately clamped tight to the end of a rod,

and the system swung as a pendulum, when the gold sphere

would vibrate more slowly than the silver one. Or they

might be allowed to roll, not slide, down a rough plane.

In this case the work done by gravity on each is the

same when they have fallen through equal spaces. But its

equivalent is in the form of kinetic energy, partly transla-

tional and partly rotational. The relative amounts of these

two depend on the' moments of inertia of the spheres, for

the ratio of the translational velocity to the angular velocity

is the same for each. Hence the gold sphere, having the

greater momeut of inertia, will have the smaller velocity

ot translation. Another form of this question was to have

a shell with a spherical mass inside, which might be either

free to rotate ort gimbals, or else be keyed to the outer

skin. The keying would of course retard the motion of

the whole down a rough plane, for part of the energy due
to gravity would then be shared by the internal mass in

the form of energy of rotation, from which it would olber-!

wise have been free. Another very instructive form is thal^

of a spherical shell full of fluid. If the fluid be petf-^ct,

the moment of inertia io that of the shell alone ; if it be

infinitely viscous, the moment of inertia is tliat of shell

and fluid as if they constituted one rigid solid ; and we
may have every intermediate amount. If we suppose th»
rotation of the outer shell to be suddenly stopped, the

infinitely viscous contents would be reduced to rest also.

But if tliey be not infinitely viscous they will not at once
be brought to rest, but will be able to 'put the shell in

rotation again if it be at once set free. Thus, in practice,

we can tell a raw egg from a hard-boiled egg. The firai

is with difliculty made to rotate, and sets itself iu motion
again if it be stopped and at once let go. The second
behaves, practically, like a rigid solid.

§ 2'14. The problem of the rollingof a sphere down arougb
inclined plane is solved at once, as above, by applying the
conservation of energy. For, if x be the coordinate of its

centre parallel to the plane, 6 the angle through which it

has turned, and a its radius, we have the kinematical
condition

(due to the perfect roughness of the plane).

Also the potential energy lost is

iigxsina,

where a is the inclination of the plane to the horizon; and
the kinetic energy gained is made up of the two parts,

—

iMi- translational, and h'^lk-i- rotational.

Hence 'li{7^- + n')6' = 2ilgaesina,

or *2_o_'^ ,.,:,..

^- + a'

This shows that the motion is the same as that of a
particle sliding down a smooth plane of the same inclina-

tion, under gravity •diminished in the ratio a-:k- + a^.

And it shows how friction may retard motion without pro-
ducing any dissipation of energy.

§ 245. Suppose one point of a rigid phne sheet be made
to move in any manner in the plane of the sheet, what
will be the consequent rotaticj

'

Let M be the mass, and •., ti, given in terms of I, the coordinate*
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of the point of the sheet wliose motion 13 assigned. Let a, be the
'elative polar coordinates of tlie centre of inertia, then

M{j+o(cos"e)]-X , JI[i(+a(siii(?)]=Y,

Jiifi— -Yacoae+ XaiinO

;

where X and Y are the forces requisite to produce tlie motion.
Eiioiinating them, we iind

(i-» >o')i)= -a{flcos9-i'sinrf),

with which we can do no more until further data are specified.

Suppose {, 71 to move with uniform acceleration 7) in a ditection
assigned by a, tlien

f—^coso, ij—psina, and

(i*+a')S~ -ff^(sinocos<'-co3asinS)'=(7isin(tf-a).

The centre of inertia of the mass therefore moves, relatively to
the constrained point, precisely as does a simple pendulum ; but
the diroctiod Of p is reversed.

Again suppose the constrained point to move uniformly in u
circle of radius b, Viilh angular velocity a. We bnvo

{—icostti, ii^-isinciii,

'mi ii:''+a-)9= +u'abisin<iitcoaO-ooacilaln0),

or {i?+a*)fA\\9~toi) ufaian(e-ui).

This is, again, the equation of motion of a simple pendiiliim, but
the angle of displacemeit 0- at is no Ionj;er measnred from a fixed

lino but from tne uniformly rotating radius of the guide circle.

Hance the mass oscillates, pondulam-wisa, about this uniformly
revolving lino.

§ 2i6.. Let us take, as an iastaace of impulse, the case of

Robins's " ballistic pendulum,"—a massive block of wood
movable about a horizontal a.xis at a considerable distance

above it,—employed to measure the \Telonity of a cannon or

musket shot. The shot is usually fired into the block in

a> horizontal ' direction perpendicular to the axis. Tho
impulsive penetration is so nearly instantaneous, and
the mass of the block so large compared with that of tho

shot, that the ball and pendulum are moving on as one

mass before the pendulum has been sensibly deflected

from the position of equilibrium. This is the essential

peculiarity of the ballistic method,—which is used also

extensively ia electromagnetic researches and in practical

electric testing, when the integral quantity of the electricity

which has passed in a current of short duration is to bo

measured. The line of motion of the bullet at impact may
be in any direction whatever, but. the only part which is

effective is the component in a plane perpendicular to tho

axis. We may therefore, for simplicity, consider .the

motion to be in a line perpendicular to the axis, though

not nocc8.sarily horizontal.

I.et m be tho mass of tho bnllet, v its velocity, and p the distance

of its lino of motion from tho axis.. Let^M be the mass of the

pendnlum with tho bullet Iwlged in it, and. I- its radioaof gyration.

Then, if u be the angular velQcity,of the pendulum when tho impact
la complete,

nn;)— JU-'u,

from which the solution of tho question is easily determined. For
tho kinetic energy after impact is changed into its equivalent in

Sotential energy wlien the pemlnlum mwhcs its position of greatest

eflfxion, Let this be given by tho angle ; then tho height to

which tlio centre of inertia is raised is A(l

irom tho axis. Thus

-cose)-iMiV.ilg?i{l

cos 9), if /( be its distance

Mt»

CI 28U1— —.7,- -4 T=-

,

2 M T VjA
on expression for tho chor<l of tho angle of deflexion. In practico

the chord of tho angle $ is mca^unxl by means of a liglit tape or

cord attached to a point of tho pendulum, and slipping witli bin.ill

frir.tion through a clip fixed close to the position occupied by that
point when the pendulum hangs at rest.

§ 247. As another example of impulse let ns consider the

case of a body moving in any way in a plane perpendicular

'to one of its principal axes. It is required to find what point

of tho body must bo suddenly fi.Tcd in order that the whole
may bo brought to rest ; also, what will bo the consequent

impulsive pressure at this point. It is easy to see that imiralsa
this IS exactly tho same question as to find the impulse, nqaiti
and its point of application, so that it may produce a''"''"
given motion of a body in a plane perpendicular to one ^''^

of its principal axes.
'ooUMj

The impulse must obviously act in a plane passing
through the centre of inertia. And the physical conditions
are that the change of momentum of translation is equal
to, and in the direction of, the impulse, while the change
of moment of momentum about the ceutre of inertia is

equal to the moment of the impulse. Let the impulse
acting at the point f, rj have components K, S parallel to
rectangular coordinates in the plane of motion, and let cu

be the angular velocity, 11, v the linear velocities, generated
by it. Then the physical conditions aro

Whep w, V, u) are given, R and S are found from the first

two equations, and the third is then the equation of the
line in which the impulse must act. Similarly, when tho
impulse and its line of action are given, we have in te>rma

of these data the quantities «, f, <a.

§248. Asa^simplo practical example, suppose one strikes Centre «f
a hard object with a stick in such a way that his hand is at percus.

rest at the instaut of the impact ; with what part of the *'°°«

stick must he strike so that there may be no jar on bia

hand?
Let^ be measured along the stick from its centre of

inertia in the direction which it has at the instant of
impact. Then the L'nematioal condition is

17= aa,

where a is the distance from tho hand to the centre 0\

inertia of the stick. Thus, as the impulse S is the sole

cause of the stick's being brought to rest, we have"

Md + S = 0, JU--i'/a + S{= 0;
so that i=A-7a.

Hence if the stick be uniform and be held by one end.

so that its length is 'la, and therefore 3i'- = a-, we have

and a+^, tbe distance of the poiufc' of impact from ihe'

hand, is

a+ii=|. 2a,

it., it is at two-thirds of the length of the stick.'

If, however,the hand be moving, at the instant of impact,

perpendicularly to the stick with velocity V, the kinematical

condition is v— V = ao>, which introduces a corresponding,

change in the result.

§ 249. The reaction of the axis is easily calculated. If Rea?tio«,

the axis about which the body is constrained to rotate on •-'^

be perpendicular t) a plane though the centre of inertia

about which the body is symmetrical, and if the applier'

forces act in that plane, it is clear that the reaction of tb'

axis is a single force iu that plane. Let its components \

H and H. Then

3(»M)-2(X) + H, 2(m//)-2(Y) + H,
2i«Cj:^-!/ii) = 2(xY-!/X).

Let a, B, be tho polar coordinates of the centre of inerU

then B, aro the angular velocity and the angular acceUr
tion for all particles of the mass, and we have

-Moc05ff.O'-Mnsine.5-2(X) + 3,

-MosinO.()' + Mocos0.d-3(Y) + H,

M(/l-= + a=)e(-5(xY-yX).

From the third we find 9, and the others give £ and EL

When there is no plan* of .symmetry perpendicular to the axis,

there must bo two points of it Ut which. reactions ate exerted on the

revolving body. Let tlio coonlinatcs of these bearings be c, c', and
tho rcactious thorp S, H, Z, E', H', Z' respectively.
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Then we have tlie six equations (in which c-O)

2(H!J:)-2(X) + H + S',

2(mj/)-2(y) + H + H',

Z{mz)=-Z(Z)+Z + Z' ;

im{x!/ - yx) = 2(i-Y - yX)

,

2»i(j/i- ci/) = 2{yZ - cV ) - cH - <r'H',

5ni(i« - xj)= 2(;X - xZ) + cH + c'5'.

The fourth equation, as before, determines 6, ami we have then four

equations to determine H, E', H, H'. The remaining equation de-

termines only the sum Z + Z'. In fact by more or less perfect fitting

we can throw more or less of the force parallel to the axis on one or

other of the bearings. There is really no indeterminateness in

nature, but we cannot get the information reiiuired to evaluate

separately Z and Z'.

§ 250. When impulsive forces are applied to the body,

exactly the same methods may be employed, with the ex-

ception that u -n must be written for JJ, &.C., and u/ - u
for e. The quantities X, Y, Z, S, H, Z, H', H', Z' now
denote impulses and not forces.

As a single examjile of the use cf these formulre, take the case of

a body rotating, under the action of no force, about an axis

through its centre of inertia. Here 2(»ia-) = 0, ic, and i is con-

stant. The first two of the si.'c equations last written show that

the pairs of forces E, E' and H, H' form couides. The fourth

equation gives = ut ; and with tiiis the remaining two become

2()i!cy).o)-= -cH-c'H'= -(c-c')H,

2(m;i').'>''= -(;S-c'E'= -(c-c')H.

The multipliers of a- are each zero if the axis of rotation bo a

principal axis, and thus, in tliis case, there is no stress perpendicular

to the axis. When the axis is not a principal axis the left hand
term.s are generally finite but they vary as tlie body turns. It is

easy to see, however, that together these terms constitute a constant

couple always in a plane passing through the axis, rotating with
the body and dependent directly on the square of the angular

velocity.' Thus, to analyse the factor 2{in:^), we note that ; is

constant, and
y = rsin{ut + a) ,

where r, a were the polar coordinates of the mass m at time t = 0.

Hence 2(i)!;i/) = sin a?(2()ii;Xi) + cosa/2(i)i:yi)

,

where z, = rcoso and i/, -=)-sino were the coordinates of m at < = 0,

Similarly we have

2(ms2') — cosatS.imzXi) - sin ai(2(»ui/i)

.

These expressions prove the preceding statements.

§ 251. As a final instance of impulse in this branch of the

subject, suppose that a rigid plate, moving anyhow in its

own plane, has one of its points suddenly fixed, what will

be the subsequent motion? Let the position in space at

which the point is to be fixed be chosen as origin, and let

the axis of x be chosen so as to pass through the centre ot

inertia at the moment of fixture. Tlien, if ?(, v be the

velocities of the centre of inertia, w the angular velocity

about it, a its distance from the Doint to be fixed, the

conditions of the impact are

u'— « - E/M

,

t'-v- H/il

,

u'= a+ Hafiik";

—three equations with five unknown quantities. But the

conditions that the point in question is reduced to rest am
evidently

«' = , v' - u'a^O

.

These furnish the requisite additional data, and the solution

Is complete. If we eliminate H between. the two equa-

tions which contain it, we have

whence by the relation between v and u' we have

f^•- + a')u'= k-<o -i-av

.

These equal quantities, each multiplied by M, represent
respectively the moment of momentum about the point
before and after its fixture.

§ 252. Thus, as a little consideration will show, we might
1»av8 solved the problem at onee, ao far as the impulsive
chaage of motion is concerned, by noticing that as the im-

Hence at time t, if v^ and u),, be tho

pulse 13 applied at the origin, the moment of momentum
about that point will not be altered by it. In fact many
problems, which present serious complexity when treated

by the direct methods, are solved with comparative ease by
.such general considerations as the conservation of moment
of momentum, or the conservation of energy. The first

principle holds good when there is no resultant couple, or

impulsive couple, rcmnd the origin ; the second when no
work on the whole is done b" or against the forces or

impulses.

§ 253. We have given instances oi pure sliding, and of

pure rolling, in oue plane, and will now give a single

instance of combined rolling and sliding. A common bulJ

instructive case of the problem we propose to consider is,

that of a lioop thrown forwards and at the same time

made to rotate, so that after a time it stops, and finally

rolls backw-ards to the hand. Other cases arc furnished

by a "following stroke "or a "screw-back" with a billiaid

ball.

Let the axis of x be parallel to the motion of translatiou

of a sphere or cylinder moving on a horizontal plane.

Then we have, if F be the friction, a the radius of liie

hoop or ball, the rate of change of momentum = F, and
that of moment of momentum about the centre = Fa.

So long as sliding continues, F is constant, and equal to

the product fi^lc/ o( the normal pressure and the coefiicient

of kinetic friction,

initial velocities of translation and of rotation,

u = «„ - iigt

,

k'ot = k-UQ - fxgat

,

These equations cease to be true when the sliding ceases,

i.e., when we have pure rolling, of which the geometrical

condition is

u + aa'^0

.

This gives iij -Kimo - fOi"'!^' + 1 )'o = " >

k-(iu + aai„)

^Lg(a- + k-)

At time t^ and ever after we have

.. ., i-'{«o + «"o) „«"n -*<"!)

" k- + a- k^ + a'

k- + a- k' + a-

Hence, if the body be projected in the positive direction,

its ultimate motion will be in the negative direction if

0!(q - k'Wfj be negativfi, i.e., if the initial angular velocity be

positive, and greater than anjk- ; which is ^nja in the case

of a sphere. Thus, at starting, the linear velocity of the pofnt

of contact with the plane must bear to that of translation

of the ball a ratio of over 7:2 if it is to stop and return.

In the case of a hoop this ratio must be at least 2 : 1.

§ 254. We pass now to the case of a rigid body one'point

only of which is fixed. As we have already seen {§ 234)

this has only to be compounded with the motion of the

whole mass, supposed concentrated at the point, in order

to give the most general motion of which a rigid body i-'

capable. The geometrical processes which have beer^

applied to this problem, though in many respects of great

power and elegance, cannot be introduced here. We will

therefore give the more important results in a brief ana-

lytical form, and then geometricallyexhibit their application.

Recurring to the general equations

2m(xi/-i/j:) = 2(xY-i/X) = N, &c.,

we may transform the left hand members as follows.

Let ain aiy, (u. be the angular velocities of the body about the

fixed axes of x, y, z respectively. Then {§ 77) we have

x = za!„-y(^z, i^c.

From these wrhave three equations of the type

x=zuig — ywt-\-iia^ — yut ^

= zvf - yiii + (i/wi - Xtt:,)a^ - {xui, - :u,)u,

.

u = u„
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+ (a;' - y')«o,a>j, - a;i/(a>i - bJ) .

, Now if the fixed axes be taken so as to coincide p.t a particular

Instant with the principal axes of tb« body passing through tho

pointwhich is regarded as fixed, the terms involving factors of the

form limxy) , &c., necessarily vanish (§ 237). Also we Lave

Zm[x- - y") = 2m(x' + j' - 2/' - 2')

,

so that, if tho principal moments of inertia of tbo body Im A, 6, C
respectively, the dynamical equations become

Ca>j + (B-A)a.^«,-N, &0.

But It was proved in § 79 that when the angular relocitlcs of a

rigid body arc referred to moving and to fixed axes, which coincide

at a particular instant, not only are the angular velocities but also

the angular accelerations eqnal at tlSat instant in the two systems.

Thus, if aij, aij, a^ be tho angular velocities of the body about its

principal axes, the cquatious just obtained take the form (due to

Euler)

Aw, + (C - KjoijUj = L

,

Bwi + (A -C)wjW| =M,
C(i3 + (B-A)«,Uj-N.

Whin ui„ oij, eoj are found, in any particular case, trom these

equations, thi actual orientation of the body at any time can be

calculated from them by the kinematical processes of § 81. The
position in space of tho point of the body which has been hitherto

treated as fixed is to be calculated separately by the processes

already explained for kinetics of a particle, and thus the motion of

the body is completely determined—in tho sense that the difficulties

of tho further steps are of a purely mathematical nature.

Rldld When the forces applied to the body have a single resultant,

bo<iy which either vanishes or passes through the origin, the right-hand

nnJei uO terms disappear from Euler's equations. Multiply the equatTons

forces, by otj, »„ uj respectively, and add. Wo thus obtain

Au|W| + Bcl;^c^j + Cw ,Wj s-
,

whence Aai; + Bai^ + Ci,;j=-2T (1),

—the statement that the kinetic energy is constant. Again,

multiply by Au^, Bwj, €013 respectively', and "add. Then we h&Te

A^WlWj -f- B*W2'*'-2 + C^(iJ3«3= ,

•whence AV, + B=»= + Cy; = D» (2),

einressing; the constancy of amount of moment of momentum.
But if, in these equations, we now choose to regard «>„ u„, to., as

the coordinates, parallel to the principal axes, of the extremity cf a

line which represents, in magnitude and direction, the instantaneous

axis, we see that that axis is a central vector of each of the ellips-

oids (1) and (2). Hence tho instantaneous axis describes, re-

latively to the body, a cone of the second order. Since T and D
are the only arbitrary coefficients in the onuations, all tho ellipsoids

(1) or (2) are similar and similarly situated. Tho curve of intersec-

tion of (1) and (2) projected on the plane of the axes A and B has
the equation

A(C - A)«; -h B(C - B)ui- - 2TC - D'.

This represents an ellipse if the terms on the loft have tho same
sign, i e., if C is either greater or less than each of A and B.

Hence, if tho body be originally rotating about an axis nearly coin-

ciding either with tho axis of greatest or that of least moment of

inertia, it will continue to do so. These two cases are exemplified
respectively by a quoit and by an elongated rlllo bullet,—at least

in so far as tho resistance of tho air docs not interfere with their

motion. But if tho body be originally rotating about an axis

nearly coinciding with the axis of intermediate moment of inertia,

the curve indicated by the equation above is an h)-perbola or a pair

of dtrtieht linc^ through the origin j and the instantaneous axis

travels. In general, far away from its first position in the body.
Wb will henceforth look on A, B, C as in descending order of

jnagnitude. It is obvious from the mode In which they are formed
that A—B-hC only when the body is a plate. Hence, generally,

»ny two of A, B, C are together greater than the third. Also by
multiplying (1) bv A, and comparing it term by tonn with (2),

we SCO that 2AT >' D''
; similarly 2CT< D»

.

To complete the examination of the iinmediato results of Euler's

equations in this case, lot us find how the length of the instan-

taneous axis, considered as a common vector-rsdius of the ellipsoids

<1) and (2), depends on tho time.

Let n'-»; + a.;-^«; - (3);

/C-B A-C B-A\

where A is the determinant

I

1 1 1 I

lA B C l=-(C-B)(B-A){A-C)".
I
A? B= C=

I

Now (1), (2), (3) are lineaT equationa in u}, «*, u\, and from them
we have three equations liko

A«; = BCCG - B)0> -h 2T( B» - C») + D-(C - B)

= BC(C-B){n=-(i},

2T(B-hC)-D»
where

BC

is, by tba remark above, essentially positive. Henca

A'a,J«>;- A»B'C?(C - B)(B - A)(A - C)(fi» - a)CO' - b)(Cl- - (^

- A2B'C»A(ct - $]=)(J - a-){c - fi«)

.

Thus fi!2 <. V(o - a')[b - a-)(c - n»)

;

whence fi' is at once found by elliptic functions. Cl known, "we have

Ui, o>p oij, and then by tho method of § 81 we have the completa
analytical determination of the position of the body In terms of the,

timei

§ 255. Such a solation, however, fails to give so clear a PoJnsotV

conception of the nature of the motion as is afforded by rolling

the very elegant geometrical representation discovered by eil5g5oi«

Poinsot. We may arrive at it by considering the tangenti

plane to (1) at the extremity of the radius 12. If x, y,'a

be the current coordinates of that plane, its equation is

Au^ttii — a:)*-f Ba)a{ajj -y) + Cu-J^oi.^ - c) «= ,

so that the perpendicular from the originnipon it is equate

by (2), to 2T/D, a constant. The direction cosines ot thia

perpendicular are proportional to Aui, Bwo, Coij, tho cum-
ponent moments of momentum. Hence it is the mils of

resultant moment of momentum, and is therefore (§ 166)

fixed in direction in space. The tangent plane to (1) at;

the extremity of the instantaneous axis is therefore a fixed

plane, and the ellipsoid (1) rolls upon it as if it were per-

fectly rough. From this we can of course find the equation

of the curve of contact with the plane, and thence that of

the cone, fixed in space, on which the cone of lustantaneous

axes in the body rolls, as in § 75. The latter cone is of

course given by the intersection of (1) and (2).

To complete this beautiful representation of the motion, all that Sylves-'v

is necessary is a method of measuring time, something to show the la's
rate of rolling of the ellipsoid on the fixed plane. Many construe- 'addition

tions have been given for this purpose, such as Poinsot's " rolling to

and sliding cone," kc, but none can compare in elegance with that PbinsotV
invented by Sylvester. We can only sketch a particular case— construc-

jufficient, however, to completely solve the question. tion.

Writing I. m, n for the direction cosines of the fixed line referred

to the principal axes, we have

l=AuJD, ??i = Ba.j/D, n=C«a/D ...,(*),
Oar equations (I) and (2; may now be written

/^/A-l-OTVB + nVC-2T/DS .'.... (1),

P-^m' + n•-a C2).

Introducing a factor p, of dimensions the same as 1/AI we hava
from these a third equation

P{llA+p) + Tn>{lfB+p)^n^\,'0+p)= 2TfD^*B . (6).

Now consider an ellipsoid

i/A+p'^iJWTp'*'ijcTp-B (8).

which is similar, and similarly situated, to one of the ellipsoid*

confocal with (1) of § 254. Draw to it a tangent plane pei-pen-

dicular to the line OL, whose direction cosines are (4). Wo obtain

for the determination of tho,point of contact Q three eqnatioua ol

the form

y
S(l/B-H/>)'

l-

where

S(l/A+/.)'
n-;

S(l/C+i>)

"(i/C +;>)»•(l/A+J.)»(l/B^p)«"

Here x, y, t arc the coordinates of .Q, and the distance of th*
tangent plane from tho origin is E/S. V('

Kow (6) gives at once by means of (7) ^

S=[^'(l/Ali>)^m'(l/B^J>) + n»(l/C-^p))-E ;

XY. — 9,1
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tvhence, by (5), S= =

Quoit.

__E
°2T/D-+i>'

This is constant, and tberefore the new tangent plane is fixed in

space.

Let us now find the angular velocity about the fixed line OL of

this plane's point of contact Q with the ellipsoid (6).

The direction cosines of the instantaneous axis OP are as

0)1, ojo. "3- Those of OQ are as x, y, :.

And we have obviously by (4) and (7)

W, tt., oij =0.

X y :

Abfj Bwg Cu3

J Hence the line OQ lies in the plane containing the instantaneous

faxis OP and the fixed line OL. The motion of ellipsoid (6) is

'therefore one of combined sliding and rolling along the new tangent

plane. To find the sliding, we must find the angular velocity of

ii about the line OL. It is to that about OP, which is fi, in the

ratio of the sines of the angles POQ and QOL.

sm^POQ-1--^^^^-,^,

(,Au,x + Tia^y + CcD.i:)-

Ky.means of the conations (1) and (") above we find easily

sin-POQ Py
sin-QOL~ a-

Hence the angular velocity of Q about OL is Dp, a constant.

Now suppose-the plane on which the ellipsoid (6) rolls and slides

to become perfectly rough, and to be capable of rotating round OL
as an axis, there will no longer be sliding of Q, but the plane will

be made to rotate with the constant angular velocity Dp. Thus
the time of any portion of the motion of the body will be measured

out by the angle of forced rotation of this plane.

§ 256. Aa a simple example, let us take the case of a quoit, in

which A, the moment of inertia about the axis of figure, is greater

than either of the clonal quantities B and C, which may be referred

to any two perpendicular lines in the plane of the quoit. The
equations become

Atli=0, so that «i is constant,

Biij.+ (A-B)a>jwi=0,

BA5-t-(B.-A)a,iWj= 0.

Bnt

and. sin-QOL-1-

A —

B

Ptat for a moment ———a.=n,
D

then we have

oi. -««»=0.

These give by eliminating a^

Hence a>«=Pcos{n«+Q),

(1,5=— «-'»j=PEin(7!< + Q) .

The resultant of these is an angular velocity P, about an axis in

the plane of the axes of B and C, and making an angle 7it+Q

with the axis of B. Hence the instantaneous axis describes in the

body a right cone whose axis is that of figure ; it moves round

it in the sayne direction as that in which the body is rotating, and
with angular velocity n. The fixed cone in space is also, obviously,

/ a right cone and the other rolls on it externally.

f^lioder. If instead of a quoit the body be a long stick or cylinder, we
.have A= B>C, and the equations become

iwi 'C-

C)co3W| = ,A<i., + (A

Cia-O.

The last gives 013= constant, and, if

A-C
«=^-<„,,

the first two equations are

Thus ai + na-i= 0, (»,-Pcos(n< + Q),

and coj= - Psin (?!< + Q)

.

This indicates a rotation- of the axis of constant angular velocity P
in the nerjhlixe direction. Everything else is as before, but the

cone fixed in the body rolls on the inside of that fixed in space.

§ 257. Next let us take the case of a pendulum bob, supported
by a flexible but uiitwistable wire, and containing a gyroscope
Avhose axis is in the direction of the length of the pendulum. Here
we may use, for variety, Lagrange's equations. For simplicity we
.suppose the centres of inertia of the bob and gyroscope to lie in

the axis, and the bob to be .symmetrical about the direction of the

length of the pendulum.

Let the moment of inertia of the whole .about the axis ol
symmetry be A when the gyroscope is suiqiosed to be prevented
from turning relatively to the bob, and let the other two principal
moments about the point of suspension be B. Let that of the gyro-
scope about its axis be C. Then, if bo the inclination to the
vertical, <p the azimuth of the pendulum, and t^ a quantity denot-
ing the position of the gyroscope with, refereuce to a definite plane
in the bob passing through its a.\is, we easily find

2T= A(1 -cose)=.^--l- B;tf- + sin-^^=) + C[vl'-(l -cos9)^]»,

V= yi.'jl{\ -<:osO) = V^fl - cos e), suppose,

where M is the whole mass, and I the distance from the point of
suspension to the centre of inertia of the. whole.

The general treatment of this complex problem cannot bs
attempted here, M'e may, however, easily oUtaiu useful andj
characteristic results in some special simple cases, which will'

enable us to form a general idea of the nature of the motion. I

Thus, suppose if possible to be constant. This is the Conical >.-j?iilca,i

Gyroscopic rciiduliim. We easily find tlie equations gyro-

vt--{l-cos6l)0^fi = const. ««<>?'«

^A(l-.cos8)-l-Bcose)0^-cn^=v<,. [^*^"-

For any assigned values of and 9, this shows what will be the
corresponding value of <^. But it also shows that if we change
simultaneously the signs only of 12 and 0, the value of fl is unaltered.

Thus, reversal of tlie direction of rotation of the gyroscope involves

reversal of the duectiou of motion of the bob, if the time of rota*

tion is to bo unaltered.. But to any assigned values of 9 and O two
values of <^ correspond. As B cannot, in the c.xse considered, exceed

.W, the multiplier of ^ is essentially positive. So is V„ = Mg/.
Hence the values of 1^ are real; and one is positive, the oilier

negative. Thus the pendulum, with any rate of rotation of the

gyroscope, may be made to move in any horizontal circle ; but the

angular velocity will, be greater when it' is in the same souse as

that of the loLilion of the gyroscope than when it is in the opposite

sensew When 6 is so small that d- may be neglected, we iiave.

Bi?.--cn.^=v„,

or 2B^=Cfi±V4BV(,-(-C-S2^.

To give a numerical example, let the mass of the g3T03Cope be

^^M; let B = MP, C=^^^M-^, then

24"
(n-l)O.

V^f-(^)^"'-
It M=5, c = 10, g = \Ol (which are fair approximations to tha

diinensions of the ordinary form of the instrument).

Suppose tha gyroscope to revolve 100 times per second, then
JJ= 200w practically, and

<t>= 4»±v'iO-t-*jT^2-513±4-039
=^•552 or -1-526.

The angular velocity, when the gyroscope is not rotating, wonld be
that of the corrt?sponding conical pendulum,

V^= ±3-162;

so that in this case the gyroscopic pendulum would rotate about
twice as fast, or only about half as fast, as the ordinary conical
pendulum, according as it rotated mth or .against the gj-roscope.

If we had taken £2=^101- we should have found

<^=3-29 or- 3-04, nearly.

Thus the slower the gyroscope rotates the slower is the conical'
pendulum motion in the .same direction, and the quicker that in
the opposite direction.

Statics of a Ch.\in or Peefectly Fle.kiele Copj).

§ 258. Axiom;—When a hody or system is in equilibrium

under the action of cmy forces, additional constraints will

not disiu7-b the equilibrium. Compare § 193.

This principle is of very great use in forming the fiindsi-

meiital equations of fluid equilibrium, and thence those of

motion. And we find it of advantage, as will be presently

seen, in reducing to elementary geometry tlic problem of

the equilibrium of a chain, or perfectly flexible cord.

We may treat this problem, called that of a " catenary," Cat"

by any one of the following methods:—(1) by inventi-
""'^'

gating, as a que.stioii of statics of a particle, the condi-

tions of equilibrium of a single link; (2) by imagining

a finite portion of the chain to become rigid in its.
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equilibrium foim,—assuming, by tlie axiom above, that it

will remain in equilibrium, and then treating the question

by the methods employed for a rigid body; (3) by employ-

ing the energy test of eiuiUbrium as in § 19S.

§ 259. We exenipliiy each of these methods i* iiie

specially important case of the ordinary catenary.

Coiiiikon A vni/orm chain hanys betv^eeii two fixed points, find
the tension at any. point and tli£ curve in lu/iic/i the chain

haugt.

First Method.—tvi /jl he the mass of uuit length of the chain; T
the Ifiisiou at tho point x, 'j,z;s tlie length of the cliniu tox, ij, z

from some assigned point ; iinJ let the axis of i/ be taksn vertically.

Thill we luve foe tho equilibrium of tlio clement Ss, considered as o

material oartiole,

Omitting the terms which cancel one another, and dividing by 5s,

these become

i(4')-»- m)-'- s(-£)-»-
From the first and third it follows that d-./d.t is constant, i.e.,

the chain hangs iu a vertical plane. We may, take it as that of xij,

ami the cqnations are reduced to the first two.

The first gives

g]ion-v-g that the horizontal component of th» tension is constant

tlu'ouyhout the whole length of tlie chjiiii. Substituting for T iu

tiie second, it becomes

,l3\,Uj To'

The quantity on tho right is evidently of [L"'] dimensioiis,. because

that on tho left is so ; and thus we may write

— , or T^ = iiga.
T

'

Henco « is the lenstli of a portion of the chain whose weight ^a

(.-qnal to tho constant horizontal component of the tension.

The equation now becomes

Integrating, wo have

dy

j^^m Cs'

If we now assume that tho axis of y passes tbroagn the point at

which the chain is horizontal, we have at that point a— 0,-=?= 0,
ax

and therefore C— 1. Thus

Taking tho reciprocal of each side, we have

Subtracting,

dx
6« -S

£" +£

DO constant being added if we assume the axis of zsa tTlat y^c,
a-0 together. This is the equation of tho curve required.

If wo take tho sum, instead of the ditference, of the above equa-
tions, wo And

2s

6 ' + £

SP that — - £ " - £
a

J being meosarod from tho axis of y.

But the tension at .r, y is, as alwvc.

T = T,
ds

"di' 'M'J-

Hence ths tension at any point ( the chain is equal to the weight
of a length of the choiu 'equal fu the ordinate at that point.
Thus if a chain of finite length bo laid over two smooth parallel

rails; its ends, wheu the wliole is equilibrium, will be in the
liorLzontal Unacotrvspondiug to the a.tis of x iu the above investi-
gation, the middle part of tlie chain forming part of the cateuaiy.
When a given length 21 of chain rests in oijuilibrium on t\vo
smooth parallel rails at the same level, we have tlierefore « + j = i

,

while x=6, the half distance between the rails.

By the above e.vpressious for y and s in terms of x, this, leads to
the equation

ai" =1,

which determines a wlien b ami I are given. From this equation, 33
the minimum value of the left-hand side occurs when a= b, we see
that the least length of chain for whidi equilibrium is possible under
the conditions is equal to £ times the distance between the rails.

§ 260. Second Metlmd.—^The chain being in equilibrium,

suppose any finite arc of it, as PQ (fig. 64), to become
rigid. The forces acting

on. EQ are three^the ten-

sions T]^ and To at its ends,

and its weight W acting

at its centre of inertia.

But three forces in equi-

librium are in one plane

(§ 221). Hence the curve

is in one vertical plane.

Also, aa the two tensions

are not parallel to one

another, the lines of action

of all three forces meet
in one point,

are simply

Fig. 64.

Heace there is no conple, and tha conditions.

Tjcos«3-T,cos(?, = 0,

Tosin »j - Tisin ffi
- W = ;

where 6-^, ^., are the inclinations to the horizon of the tan-

gents at the ends of the portion solidified. The first

asserts that the horizontal part of the tension is the same
at P and Q, i.e., all through the chain. The second asserts

that the difference of the vertical parts of the tensions at

any two points is equal to the weight of the part of the

cfaain between them. By proper mathematical methods

these data lead to the results already obtained. Iu fact

the equations we have just obtained are the first integrals

ol thfi equations in § 259.

§ 2G1. Third, ilolhod.—lho potential energy of the chain is

ds

with the sole condition

l^ifym/vtJ'^'dx

/:
'^J.dx-
dx

constant.

the limits of integration bein* fi.\eil, and the same for each expres-

sion. Hence, by the rules of tho coh'nlns of irnriations, we have
the same equations us before.

§ 20'J. Still supposing gravity to be the only .applied force, there

are many forms of important questions which can he solved by either

of these methods. Wo will takosonio simple, but varied, examples.

Find lioui the mass of unit lemjlh of a chain mvst vary fr<nn, ^in^
to mi)U so that the calcitary may be an assii/ned plaM eune.
We have, OS before.

ds\ ds)

but our second eqnation is now

df ^<ty\

ds ^2)- w.

where ^ is an unknown function of .«. Tho third equation, boiDA
of the same form ns the first, shows that the curve is in a vertical

plaue, and is thenceforth uuueccssar}'.
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As before, wo have
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and

T--T

d_/dy\ixg
ds\dj:J Tq

'

Now, fiom the assigned equation of the catenai-y, the left-hand

memher can be expressed as a function of s, and thus we have the

solution of the problem. For example, suppose the chain is to

hang in an arc of an assigned circle. Referred to the lowest

jjoiut of the circle, the equation is

X- = 2(11/ - y-,

where a is the radius. From this we havs

dy

rf,v"

80 that

a;

a-ij

T,

= tan-

u= — sec
ag

^utpea-
sion'

hri^^er

The tension at the lowest point is thus equal to the weight of a
piece of chain like that at the vertex, and of length equal to tiie

radius of the circle ; the mass per unit length becomes infinite at

the end of a horizontal diameter.
'^extjind tke/uiin of the chain icKcn the mass of any arc is pro-

portional to its horizontal projtciion. This is a rough appro.ximation
to the case of a suspetision bridge where the roadway is unifoim,
and much more massive than the chains, to which it is attached
throughout by vertical ties. The equations are as before, but the
additional condition takes the form

ds
/u„ , a constant

This gives
ci'y

dz' t7'

and the chain forms a parabola whose vertex is dovvnwards, and
whose axis is vertical.

Catenary As a final example, we have what is called the catenary of imi-

of nni- form strength; that is, the form in which a chain hangs ichen the

form tension at every point is proportional to the breaking stress at that

strength, point. Here we suppose the strength to be proportional to the

section, i.e., to the mass per unit length. This gives the

condition

Hence

where a=clg.

This gives

T = c/j.

ds \ dxj eTj e dx

rf=2/_j_/'^Y
<&» dx J a\ \ dxJ J

l^^tanfiL + c);
dx \ a J

fend the complete integral may be written, by proper selection of

origin, in the final form
y

i" = sec— •

a

limit if This curve has obviously two vertical asymptotes dis-

.;^aii. ^ tant ± ^Tra from the axis of p. The quantity a is directly

as the tenacity of the jaaterial ; and thus we see that

there is a limit (even in this simplest case) to the span of

a chain, however strong, formed of any known kind of

jnatter.

It is a very curious fact that, if we write the equation of this

catenary iu tsnns of the arc and the radius of curvature, it becornes

identical with that of the common catenary iu terms of Cartesian

coordinates, horizontal and vertical. For we see at once that

ds X
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Fig. 65.

may establish this, however, in a very simple manner, as

follows :

—

Let AB (fig. 65) be a small portion of the cord, and AC,

CB the tangents at its ex-

tremities; and let the (small) C
exterior angle at C be ^.

Then, p being the pressure

per unit length of ' the

stVing, we have at once

;>.AB = 2Tsini9= T9

ultimately. But AB= p5, so that

If there be friction, and if the element of the rope be just

about to slip, in consequence of the diflference of the ten-

siona at its ends, we have

so that
r=T{i+^9).

This leads to the formula for. the growth of a sum at com-

pound interest at /x per cent, payable every instant. Hence

for a finite angle (j. we have

T„=£'"'T„.

It is to b3 remarked here that neither the dimensions nor

the form of the curve on which the cord is stretched, pro-

vided only it be plane, have any influence on this result,

which involves only. the coefficient of friction and the

angle between the two free portions of the cord.

Kinetics of a Chain ok Perfectly Flexible Cord.

§ 2G5. The equations of motion of a chain, under the

action of any .finite forces, are at once formed from- those

of equilibrium by introducing the forces of resistance to

acceleration according* to Newton's principle. Here we
enter on a subject of extreme importance, but also (at least

in the majority of cases) of great mathematical difficulty.

One valuable result, however, can 'be obtained by very

simple means.

Wave- A uniformly heavy and perfectly flexible cord, placed in
velocity </,« interior of a smooth tube in the form of any curve,
°°

, . and subject to no external forces, will exert no pressure on

jg^j the tube if it have everywhere the same tension, and move

with a certain definite speed.

For, ai in § 264, the Statical pressure due to the curva-

ture of the rope is TO'a- per unit of length (where o- is the

length of tho arc AB in that figure) directed inwards to

the centre of curvature. Now, the element <t, whose mass
is ma- (if m bo the mass per unit of length), is moving in a
curve whose curvature is 6/cr, with speed v (suppose).

The requisite force is
-^''- = mv-d , and for unit of length

mv^jv. Hence if T = mi''the theorem is true. If we
suppose a portion of the tube to be' straight, and tho

whole. to be moving with speed v parallel to this line,

and against tho motion of tbe- cord, wo shall have the
straight part of the cord reduced to rest, and an undula-
tion, of any, but unvarying, form and dimensions,

running along it with linear speed sll'im.

Suppose the t6nsion of the cord to be equal to the weight
of W pounds, and suppose its length / feet and its own mass
!« pounds. Then T = Wy, Im = w, and the speed of the un-

dulation is 'JVfli/lw feet per second.

IRcdeotod 266. As will be shown later, when such' an undulation
*• reaches a fixed point of the cord or chain, it is reflected, and

runs back along the cord with tho same definite speed.

But the redocted form differs from the incident form in being
turned about in its own plane through two right angles.

When tho string is fixed at both ends any disturbance runs
.al»ng it, backwards and forwards, with this speed, and

thus (in a piano or harp) administers periodic shocks to the
sounding board, causing it to give out a musical note. The
interval between these periodic shocks is of course, the time
taken by the disturbance in running from end to end of
the- string. Dividing the length I of the string by the
speed above reckoned, we find for this interval the value

the reciprocal of which is the number of impulses per
second. It is thus seen to be directly as the square-root

of the tension of the string, inversely as the square-root of

its mass per unit of lengtli, and also inversely as its length.

These are well-known facts in Acoustics. It is to be
observed that there is no necessity for limiting the pro-,

position above to a plane curve, though we have treated

the question as if it were'such. The demonstration applies

even to a knot of any form.

267. We will now consider more particularly the vibra- Vibratiao

tions of a musical string, whose tension is great and its "f inusic»(

own mass small. stnng.

Forming the equations of motion as above hinted, we have tluee
df the type

.

£(^S=-''<^-^-
In the .special case of a tiglitly stretched inextensible string, per-

forming very small transverse oscillations, -n'e may greatly simplify

tliese by assuming that no external forces act. This practically

means that the weight of the string is negligible in coniparisoH

with the tension. If the axis of x be taken to coincide with the
undisturbed position of the string, we have- to the second order

of small quantities

s = x.

With this the equation above writteu becomes

or the tension is the same throughout,

equations now become
The second and third

T 'W,
(Ix-

The 2/ and z disturbances are therefore of the same general charajter,

and perfectly independent of one another. AVe will therefore con-

fine our attention to one of them. From the equations. we see that

TV must be of two linear dimensions, and we will therefore write

for it a'. As this quantity must also be of two negative dimensions

in time, a represents a speed. . What speed will be seen imme-
diately.

The eqviaiion in y is now

whose integral is known to be

y=/{at-x) + F((U + x),

where /and Fare arbitrary functions. As wc have already seen

(§ 63), the first part of the value of y expresses a wave running

with speed a along the axis of x in the positive direction ; th«

second part awave in the negative direction with the same speed.

Thus we see that aiiy small disturbance whatever, of a stretched

string, gives rise to two series of waves propagated in opposite

directions with equal speeds. Also, as the equation is linear,

the sum of any two or more paTticulnr integrals is also an integral.

If we suppose one extremity of the string to be fixed at the origin,

we have the condition .c-O, ?/-0,'and therefore

=/(«() + F(«0-

As this holds for all values of t, the function F is simply the.

negative of/, so that

7j-/{at-x)-/l:at + x).

To investigate what, becomes of a disturbance "which runs along

tho cord to the fi.\ed end, liSt us suppose that/;)) (which, by the

remark above, may reprcs(int any part of a disturbance of the string)

is a function which vanishes for all values of r which do not litf

between tho positive limits p and q, but which for values of r

between tlicso limits takes definite values. Then at time t»=0 wo
have

V- -/{').

for, by hypothesis, /tr) vanishes for all negative values of r. This

denotes a disturbance of the string originally extending from x-j»
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io j;=y, which runs ip to the origin. After the lapse of any iuter-

Yal^reater thnn j'a we have

lor at+x has now become greater than g. This is a wave of

6xactly tlie same form as before, but the sign of the disturbance ami
the direction of its propagation are both Teversed. Every portion

bf a wave is therefore reflected, with simple reversal of the displace-

Inent, as soon as it reachns tlie fixed end. For we may take tlie

limits/; and g as close together as we choose.

Now suppose the string to have another fixed point at a;= I.

Then wo have
0=/{at-l)-/{at + l).

ITius fis (§ 67) a periodic function, of period 2?/«, and can there-

iFore be expressed as a series of simple harmonic terms of the full

period, half period, one-third period, &c. Hence we may WTite,

the coefficient J being put in for convenience,

y= ^2j" AmCOsmil-^iai - »,) + l2i'^ B„,smir?)iZ-'(a( - x)

-^i"AmCos««?-i{«« + .r)-42i"B,„6inT!«Z-Kn< + i)

, =2i"A„,sin«ijZ-'fiisimrmZ-'x-2,"B,nCosir?nZ-'a<sinirmZ-'a;.

This expression contains the complete solution of the problem. To
adapt it to any particular case, we must know at some definite

time (say t = 0) the value of y in terms of x, i.e., the initial disturb-

ance ; also the corresponding value of S. \Ve have then

2i"B,„sinirMiZ-'x,3/0
=

2^0
= Si'mAmsinjrmZ-'a!.

As j/j, $0 are given in terms of x, we can find, by the pi'occss of

§ '67", the values of Am and Bm, and thence the required value of y.

QtdDa- 268. As another example, suppose a uniform chain to be sus-

ti<»ia of pended by one end, and to make small oscillations in a vertical

ft chain plane.

fiied at We cannot enter here into details ; so we simply assume that

one end. elementary persistent harmonic solutions are possible, or, what
comes to the same thing, that there are permanent forms in which

the chain can rotate about the vertical from the point of sus-

pension.

If the axis of x be vertical, the eijuations of motion are

ds\ ds J
-f{9-x),

ds\ ds J
=Mi/;

where /» is the mass of unit length of the chain. As the oscillations

are supposed to be small, we may neglect the change in the ver-

tical ordinate of any point of the chain, because it must be of the

second order of small quantities if the horizontal displacement is

of the first order. Hence we may put everywhere x for s, and
therefore consider x to be independent of t. Thus the first equa-
tion becomes

dt
dx
= -w;

length of the chain. The second equation then

whence

where I is the

becomes

dx- dx g

or, if we measure x from the lower end of the chain upwards,

d-y dy 1

(l-xy

-dx dx g

The complete integral of this equation would be much more general
than we require, for it would express every possible small motion of
the chain, however apparently irregular. What we seek are the
fundamental modes of simple harmonic oscillation, any number of
which, as in the case of a musical string, may be superposed. Hence
we may \vrite

y=risin{ni-i-a),

where m is a numerical quantity as yet undetermined, but which is

confined to one or other of a series of definite values ; 7), on the other
hand, is a function of x only. With this valne of y the equation
becomes

d'n d-n n^

dx^ dx g

By the usual method of undetermined coefficients we easily fiml the
particular integral

-iJo^Af 1
n'x n*x-

g. ^W-

'

2-T-g^
-(-&C. (1)-

This series is obviously convergent for all finite values of n-xig.
' The general integral is of the form

'J=13(7)^-^r)ologx)-f Aj)o;

^rhere n^ is a function of x, finite for all values of a*, but which we

need not determine. For it is c'.ear that, to suit our present
purpose, wo must put B = 0; otherwise wo .should have tj inftnite

ata: = 0. Thus (1) fs the expression we require under the limita-
tions above imposed.

Tlie quantity A represents the scnii-amplitude of oscillation of
the lower extremity of the chain. The condition that the upper
end is fixed gives

7)o
= for x=l, i.e..

g sy
«8P

2=3V
The roots of tliis equation {which are .ill real and positive) give the
values of n for the several fundamental modes of vibration.

We have ij(, = for the following values of n-ljg: liH, 7 '62,

1874, 3479, &c.

From these we find for the periods of the various simple dis-

turbances the following multiples of the period of a simple pen-
dulum equal in length to the chain, viz., 0-83, 0-36, 0-23, O'l?,-

&c. When n-ljg has the least of the above values, the chain
is always entirely on one .side of the vertical, and the time of a

complete oscillation is to that of a simple pendulum of the same
length as 5 : 6 nearly.

269. When a free chain, at rest, has an impulsive tension applied Impul.

at one end, the calculation of the consequent impulsive tension at sive

different parts of the chain and the velocities generated is very teusioi

simple.

For, calling the instantaneous speeds along the tangent and along
the radius of absolute curvature v, and rp respectively, we have

ST - nv.ls , Tip = ^j'p ,

where ft is the mass of uuit> length of chain nt s. It is obvious that'

there can be no impulsive speed perpendicular to the osculating

plane. The iinematical condition is simply that an elementary'

arc 5s is not altered in length. But the tangential increment <{

speed alone would imply an increase of the length of 5s in the,

ratio 1.^ -^St: 1 in time 5^. Also the impulsive speed i;p would
as f

imply a diminution of its length in the ratio 1 - Vpit/p : 1 hy virtu-;

ally making it an arc of a circle of smaller radius, but subtending,

the same angle at the ceirtre. Hence, neglecting the square of Sf

as compared with its first power, we find for the kiBematical con.

dition

dv, _ Vp
_

ds D
= 0.

This gives, by eliminating the impulsive velocities,

ds\ n as J n p-

If the chain be uniform, this becomes

rf'T T _
ds- p-

The whole kinetic energy generated in the chain by tlio impulse is

, rdsf/dTY Tn

.md the condition tliat this shall be a maximum is the differential

equation above. This is a particular case of a general theorem'

due to Sir W. Thomson, viz. :

—

A tnatcnal system of any kind, given at rest, and suijecicd to' an
impithe in any specified direction and of any given magnitude'^

mores off so as to taie the yreatest amount of kinetic energy which

the specified imptdse can gire it.

The direction in which an element of the chain begins to niova

is inclined to the tangent at an angle (j> where

* ^ '•> T
tan0=—= -pf,'

ds

270. It is to be observed that, in such questions as those just

treated, the possibility of an impact's being propagated instea'

taneously along the whole length of a chain depends upon its

assumed inextensibility. Wheii a wire (such as that employed for

a distance-signal on railways) i/ regarded as extensible, there is a
definite speed with which a disturbance of the nature of extension,

is transmitted along it.

Thus, recuning to the equations of § 267, we see tnat for the

motion of a stretched elastic string in the direction of its lengtli we
have

^=-;.(X-^).

If there bo no applied forces, X = 0. Also, if wo use x instead of

s to characterize a particular point of the string, we musT put x-^f
for X and x for s, | being a function of x and t which denotes at isy
instant the displacement of that point.
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The physical condition is expressed by Hooke's Law in the

form

ax

Hence
rtx-

Oylii-

drical or

pris-

matic

origin-

ally

straight.

Bi ncllng.

Twist.

This expresses (as in § 267) the passage of simultaneous waves.

They are now waves of condensation and extension, not of trans-

verse displacement. The nature of the interpretation of the equation

is of the same general character as before, the speed being VE/>.

DyN.\Jiic3 OF AN Elastic Solid.

§271. This subject, whicli is a very extensive and difficult

one, and in its generality quite unsuitable for discussion

here, has already been to some e.xtent treated of under

Elasticity. AVe therefore content ourselves with one or

two examples, whose treatment is comparatively simple,

while their applications are frequent and of considerable

practical importance:

§ 272. Even sd restricted a problem as that of determin-

ing the form assumed by a wire or thin rod of homogeneous

isotropic elastic material, under the action of given forces

and couples, presents somewhat formidable difficulties un-

less in its unstrained state the wire be straight and truly

cylindrical or prismatic. And, even with these limitations,

the problem again becomes formidable if we introduce the

consideration of non-isotropic material ; while, in any case,

if the radius of curvature at eadi point is not very large

in proportion to the thickness of the rod in the plane of

bending, the problem is to no appreciable extent simplified

by the limitation of form of the body. We will therefore

give the comparatively simple case of the mere bending

and twist of a homogeneous isotropic wire whose natural

form is cylindrical or prismatic, the amounts of these

from various sources being so small as to be supcrposable.

Bending lengthens one set of lines of particles originally

parallel to the axis of the wire and shortens others.

Twist lengthens all but one such line, forming them into

helices. The more detailed investigation, which we cannot

give here, shows that there is one line of particles (the
" elastic central line ") which passes through the centre of

inertia of each transverse section, and which may be treated

(under our present limitations) as rigorously unchanged
in length. The mutual molecular action of the parts of

the 'Wire on opposite ^ides of any transverse section may of

course bo reduced to a force and a couple, and the force

may be conveniently treated as passing through the centre

of inertia qf the section. Also the twist and curvature of

the wire near this section obviously depend on the couple

and not on the force. For the moment of the couple is in

general finite, while that of the force (about any point -in

the corresponding element of the wire) is infinitesimal.

§ 273. Lot any two planes, at right angles to one another,

he drawn through the elastic contra! line before distortion;

and let them bo cut in lines PH and PS by a transverse

section through a point P of the central line. Also let PT
be,a tangent to that line. Suppose a similar construction

to be carried out for every point P of the central line.

Then it is clear that tbo form of the distorted wire
will be completely determined if we know the form
assumed by the central line, and the positions taken
by the lines PR and PS drawn from each point in

It. In their new positions P'T', P'll', and P'S' will still

form (in consequonco of the limitations "ive have imposed)
a rectangular system ; and the nature of the distortion

will be clearly indicated by the change of position of this

rectangular system as it passes from point to point of the
distorted central lino. The plane of rotation of P'T' is the

osculating plane of tlio bending ; its rate of rotation in

that plane per unit length of the central lino is the amount
of beodiae; ; and the rate of rotation of the system FK',

P^', eboat P'T'.'vper unit length of Iho central line, is the

rate of twist. Suppose P' to move with unit velocity along

the distorted central line, and lot p, a; t be the angular

velocities of the system about P'Pi', P'S', P'T' respec-

tively, then p represents the curvature (or bending) resolved

in the plane S'P'T', o- that in Pi'P'T', while t represents the

twist.

Now, if- the elastic forces constitute a conservative sj-stem, the Eipres-

aniouitt of work done on an clement of the body corresponding ta a sions for

length is of the central line is to be calculated entirely from its force and
cliange of form. It must therefore be expressible in the form conple im

«-5s
' terms of

ueDdinp
where «; is a function of p, cr, r ; which must be such that the amj
couples producing the bending are

'

twist.

dm ,dw
dp da

while that producing the twist is

dw

These agam, are- functions of p, a, t, and they must, on account
of the principle of superposition, be linear and homogeneous. For,
within the limits to which we have restricted oureelves, the Uoubling
alike of bending and twist must involve the doubling of each of the
coui)les. Thus w must be a homogeneous fiuiction of p, a, r of the
second degree. Hence we may assume

w = 4(Ap= + Bit- + Cr + 2Dpo- + 2E<rT + 2Ftp) ,

where A, B, C, D, E, Fare quantities depending on the form of tho
section of tho wire and the nature of its material at each point.
This gives

dit

dp
^Ap + Tlff + Fr,

dw
Ta°

Dp^B(r-l-ET, ^=
dr

Fp-fE<r-HCT.

Hence, when the couples are assigned, the amounts of bending anil

twist are at once calculated fiom them. But the expression above
is much more general than we require for the limited case we are
considering. For, i; the only couples applied to a portion of the
prism or cylinder considered be in planes perpendicular to its

length, twist only will be produced. Thus, for -r-=0, -r—=0,
dp aff

we ought to have also p = 0, (r = 0. Jlence E and F both vanish
and we have simply

10= J(Ap=-l- 2Dp(r^ Bff= + Ot=) .

This may bo reduced, by properly selecting the planes originally

drawn through the elastic central line, to the foriji

^p-J(Ap'-^-B<^=-^CT=).
Now we see that

dw . dw T, rfw
-p = Ap, -p — Bit, -t- =
dp da rfr

Ct.

§ 274. In a prismatic or cylindrical wire of homogeneous

isotropic material, the elastic central line is thus a torsion

axis siiiiply. Equal and opposite couples, applied to the ends

of such a wire, in planes perpendicular to its length, produce

twist in direct proportion to the moments of the couples.

There are two planes perpendicular to one another, and
passing through this line, such that, if equal and opposite

couples in either of these planes be applied at any parts

of the wire, the portion between is bent into a circular arc

in that plane. These are the principal planes of flexure.'

The qtiantities A and B which, when multiplied by tho

amount of bending in either of these planes, give the

moment of the corresponding couple are called the prin-

cipal " fltxure rigidities " of the wire. When they are eqnal Flexure

(as in the case of a wire of circular, square,- equilateral rigidity,

triangular, ic, section) any plane through the axis is a
principal plane of flexure. C is tho torsional rigidity of Tontion*!

the wire. In general, when the wire is fixed at one end rigiJity.

and a couple applied at the other, the wire assumes the

form of a circular helix. The exceptions (or rather parti-

cular cases) are:—(u) when the plane of the couple con-

tains the elastic central line, and there is mere flexure,

without twist
; (h) when the plane of the couple is perpeD-

dicular to tho wire, and there is twist simply.

§ 275. As an example of the preceding theory, take firs



744 MECHANICS

own
weight.

Flexure the case of a uniform plank clamped horizontally at one end,

of plank an(i otherwise unsupported. This is obviously the same
^^ ^^

as the -case of a plank of double the length, supported by a

trestle placed under its middle. We assume as before

that the radius of curvature is always very large compared

with the thickness of the plank.

In all such cases we may at once apply the principle of

§ 258, and suppose one portion of the plank up to a section

P to be fixed in its equilibrium position. The curvature

Immediately contiguous to P will then be simply propor-

tional to the moment about P of the forces acting on the

tuifixed portion. Hence at the free end there will be no

curvature, and the curvature qt points near that end

will be of the second order of infinitesimals; i.e., its rate

of increase at the end vanishes.

. Let X be tlie length of the fixed portion, I the whole length of

the plank. Then, as the deflexion y from the horizontal is always

very small, the curvature is expressed (§ 22) by

d-y

so that we have at once

E-
d"y_

-"£ x'dx' = - \iJig{t - xf ,

where E is the
unit of length.

Successive integrations give

dx-

flexural rigidity " of the plank, and /* its mass per

E^=B+i^£,(Z

ana Ei/=A-B(r

The terminsl conditions are

for z •=

xf,

xY

and for a;= I,

V"0,

dx'' '

dx

d^
dz'
^.=0

The last two are obviously satisfied.

The two former give

B= - ^', A'-Bi + i^Mi'-- ygi*

Hence Ey= - Am?(3Z* - 4P(i -x) + {l- x)*)

.

tixxis the droop of the free extremity {x=l) is

8 E 8E '

'where W is the whole weight.

I If the plank had been weightless, but loaded at the free end with

a weight AV, our equation would have been

^d-y
E
dx'

-y^'ii-x),

'and we should have had

E^ = B' + JW(Z-a:)2,
dx

Ei/= A' - B'(2 - k) - JWC? -> a:)'

.

The terminal conditions at .•k=0 are as before, so that

B' = - i\!P, A' = - iWP + iVfp=- ^WP,

and the droop of the free end is —

—

ratio of 8 : 3.

' If the plauk be again looked on as heavy, but its free end be sup-
ported on a trestle which is pressed upwards till it acts with a force
"'' we find directly

greater than before in the

Ei^=w(^

E^=
dx

B"-

x)-i^,<J{l-x)^',

iyf{l-x)- + i^^j-xY

Ey=A" - B"(l-x) + iW{l-x)'>-^^ig{l-x)*.

The terminal conditions, at a; = 0, are still as in the first case, and
they give

B'' = lVfP-i^gP,

'|vhen the amount by which the free end is raised is

^ -W4WP -i^,g^=) - hwp + Aw'*] / E^
SWP
24E

This is obviously the same as the amount of depression of the
middle of a plauk of length 11 supported by trestles at each end.

§ 276. Hence the droop of the middle of a plank resting

on trestles at its ends is to that of the ends when the plank

rests on a single trestle at the middle in the ratio of 5 : 3.

If the equation expressing the curvature in the first

or third cases above be twice difl'erentiated, the commou
result is

= -fO

The simplicity of this expression leads us to seek for the Horizon-

most general form. Suppose the plank to be exposed to tat plank

any system of forces in lines perpendicular to its length ^^^'^^

and breadth. Then, if any transverse section be made, vertical

the stress between the two portions of the plank will con- forces,

sist of forces ( + G) and couples ( + H) in the plane of

length and thickness. Let the applied forces be N per

unit of length. Suppose also, as before, that the radius of

curvature is very great compared with the thickness.'

Then the equations of equilibrium of an element are

^ + N.O, ^ii + G =
dx dx

We have also the condition of bending, viz.,

E X curvature= E -r-^ =H

.

Eliminating H and G among these equations, we have

>ll

dx* dx''

dG
dx ^ '

which of course includes all tne previous particular cases.

We may now determine (under the limits imposed) the

form of a uniform plank of any length, supported in ^
nearly horizontal position at different points in its length,

and loaded at any assigned points with any weights. The
importance of this in practice is obviou.s.

§ 277. But we may easily take a further step, and in- Vibra-.

vestigate the oscillatory motion, so long at least as the tion'of

acceleration parallel to the length of the plank and its rota- P' ^ °'

tion are negligible. For in such a case, if /i be the mass spring;

per unit of length, the equation of motion is {§ 199)

Eg^K-;..

We will consider only the case in which the applied force

N may be neglected. This is practically the case of a

uniform wire or flat rectangular spring. Suppose, further,

'

that it is fixed at one end and free at the other, like

Wheatstone's " kaleidophone," or like the tongue of a reed

organ-pipe.

Then, writing n* for the fraction /i/E, we have

A particular integral may obviously be found in the form

J/
= ^)Cos(^^(/)!=-^ a) (1),

where n (a function of x) and i/n (a constant number) have to be
found ; o is any constant. The substitution of this value of t

leads to

d*r,

dx*
-i*ri = 0,

the complete integral of which is

^) = A£"-^B6-« + Cc03(l•^-^D).

Now, provided the value of i be properly determined, the motion
represented by (1), with the above value of tj, can exist by itself;

and the most general motion of which the spring is capable (under
the limits imposed) consists of superposition of a number of separate
motions of a similar character. Hence this may be treated by itself.

Our limiting conditions in the nresent case are

and

x=0,

x=L

1) = 0, -J-
= at the fixed end ;

P-^O, ^-0 at the free end.
dx' dx^
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Kow, from the valua of ti alwre, we have

i dx
4- SI-Ae"- Bfi-^-CsinOVc + D;.

4Tf5, = Ag''+B6-''-Ccos(& + D),

4-^ = A6"-B£-«'+Csin(w+D).

Hence ire bare
=A +B +CcosD,
0-A -B -CsinD,
0-A8"+Bj-*'-Ccos(!7 + D),

0-Ae''-Bg-'' + C8in(«+D).
Eliminating C and D, we have

0-A6'' + Be-" + (A + B)co3!7 + fA-B1sin!7,
0-Ae''-B£-''-(A + B)eiui7 + (A-B)co3i7.

Himinafc the ratio A/B, which is all that these equations fiunish

and we have
(£'' + 6-")cosi7 + 2 = 0.

From this equation the values of i must be cleterminefl. It Is

clear that the multiplier of cosi7 is always greater tlian 2, except in

the special case of i — O, which we obviously need not consider, as it

gives i(
— 0, and therefore belongs to the statical problem already

considered. Hence as, to make cosi7 negative, il must be greater

\han Jit; and, as £'"+£"'"=5 nearly, it is clear that the excess

of the first value of it over Jir is soniewLcro about 0'3. The next

Talue falls short of J » by a quantity of the order tJt,, the next

exceeds 5 JT by a quantity of the order ^^'^tj, &c. The required

values arrange themselves in two groups, one of either group being

taken alternately. The first group involves arcs a little greater than

but rapidly approaching to the vahtes of (4wi + l)Jir; the second

consists of arcs a little less than but rapidly approaching to

those of {kin + 3)j7r.

BJTectsil § 278. Some of the simplest, but at the same time
pressum most practically useful, of questions connected with elas-
oc tubes

ticity of solids relate to the changes of form or volume

•phcrical experienced by circular cylindrical tubes or spherical shells

«hiUs, exposed to hydrostatic pressure. A steam-boiler, the

cylinders and tubes of an hydraulic press, a fowling-piece

or cannon and (on a much smaller scale) Orsted's piezo-

meter, deep-sea thermometers, &c., afford common in-

stances. All that is necessary for attacking such questions

is given in §§ 45, 46 of the article Elasticitv. I'or it

is there shown that, if a homogeneous isotropic elastic solid

be subjected to a simple longitudinal stress P, uniform and
in a definite direction throughout its whole substance, the

esiilt will be linear extension = P ( ;;- -^ ;A 1

tion of P, and linear contraction = P{-^--7r^ )' \6ii \Skf

in the direc-

in all direc-

lions perpendicular to P. The quantities n and h, as

explained in the article referred to, are respectively the

"rigidity" and the reciprocal of the "compressibility" of

the solid operated on.

§ 279. The case of the piezometer, in which the vessel

holding the liquid whose compression is to be measured is

exposed both inside and outside to the same hydrostatic
pressure, w seen to correspond to three equal stresses in

directions at right angles to one another. These direc-

tions may be any whatever, and in each of them the linear

extension is obviously

P is negative, as the stress is a pressure. Hence the strain

consists in a simple alteration of volume measured by P/i-.

Every part of the walls of the vessel, as well as its external
oulk, and its interior content, is altered to the same extent.

§ 280. In the case of a cylinder, when the internal and
esternal pressures are different, it is clear from symmetry
thai, the stresses may bo resolved at any point of the walls

Snto three at right angles to one another, the first (P,)
parallel to, the second (Pj) at right angles to, the axis,

and the third {l\) perpendicular to each of the other

two. In a transverse section 'f the cylinder, the second

of these is radial and the third is tangential to a coaxal

cylinder passing through the element* considered. We
suppose the cylinder closed at both ends, and we make
the further assumption (quite exact enough for practical

applications, and most important from the point of view

of simplicity of calculation) that all transverse sections

of the cylinder remain, after distortion, transverse sections.

This is equivalent to assuming P, to be constant through-

out the walls of the cylinder. Hence, if there be interior

pressure only, the value of this stress must be

p pressure on end of interior of cylinder IlnJ

' area ol transverse section of walls of cylinder aj-aj

where IT is the interior hydrcstatic pressure, and a^, a^ are

the internal and external radii. This stress represents a

longitudinal tension of the walls of the cylinder.

Let us consider an element of the cyliudrical wall, defined as
follows in the unstiained slate :

—

Draw two transverse sections at distances T and x + Sx from one
end, two planes through the axis making an (infinitesiiii.il) angle 6
with one another, and two cylinders of radii r and r + Sr about the
common axis. In the strained state 9 is unchanged, but x becomes
K-f f, and !• becomes r + p. The distance between Jhe transverse

sections was ix; it becomes Sx-i--rix, so that the linetr exten-
' dx

j'i The distance between the cylinderssion parallel to the axis is -j5
,

was 5r: it becomes 8c -I- :75 Sc , so that the radial extension is -r-
di- ' dr

The breadth of the base of the wedge-shaped element was r9 ; it

becomes (r + p)9, so that the linear cxteusiou perpendicular alike to

the radial line and to the axis is -£-

r

If we now write, for simplicity,

'

1 1

the three requisite equations between stresses sndTslraiflS Sfe at once
obvious in the form

d,.

dr

6k 9i-
*

cPi'/Pj-ZPa*

i= -/P. -/P= + '!'»•.

We have, however, four nnicnown qiiaiitities {,~p, P^
Tins must be supplied by oue

and P,, I

that another equation is required.

of the statical conditions of equilibrium of the clement above
defined, when in its strained state. Theie is obviously equilibrium
in the axial direction, and also parallel to tho base of the element

;

but radially we have a case resembling that of an element of a cord
as in § 264. Neglecting small quantities of a higher order tha«
those retained, this consideration gives

P38M.v8c=^.(Pjr5(?5ar)5r, or P,-^(PaO.

Solving the four equations, and taking account of th] bonsdaty
conditious

Pj- -nwncn I'-rtj, and P,-0 when r-a,,

we obtain the following values :

—

f:i-n-^",«-2/).
dx at-ai

Jp.n.^r(c-?n-^(.V)Jdr

or, rcintroJnclng tho values of e and/,

'rft_ ,na; i
dx~a\-a\ 3t'

a?

ij o;-o-V3i^r«2«y'

Br"o;-o=Ut' »" 211/

S JSl. Thus the nature oflho distortion produced in the walls oft
cylindrical tube by internal pressure may bo described as made up

XV. - 94.-
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of a unifbrm dilatation, whose linear measure in every direction is

""o i. combined with a shear in each transverse section, whose
a\-al3k'

measure is 1 ± („. J^lP 27 ' ^

The shorter axis of this shear is radial, and the magnitude of

the shear is obviously greater for smaller values of r. The inner

layer of the walls is thus the most distorted. The amount of the

distortion is directly as the pressure, and inveisely as tUa aiea of

;the section of the walls.

When the walls are very thin the snear is practically the same

(throughout their thickness. When they are very thick, the shear

near the inner surface is nearly lig-' however -fine be the bore.

That near the outer surface is nearly 1±% 2~' ^^^''"^'^ vanishes

•when the bore is very 6ne. Thus it appears that, if a stout tube

bursts by the shear produced by iuternal pressure, little is gained

either by making it of extremely great thickness or by making it

of very small bore.

The diagrams A and B in fig. 66 show, necessarily on a greatly

exaggerated scale, the nature of the distortion produced at different

D
Fig. 66.

parts of the wall of the tube. They represent transverse sections

of small, originally spherical, elements made by planes at right

angles to the axis. The radial diameters are horizontal. A is an

element close to the external surface, B an element near the inner

surface. The increase per unit volume of the interior of the tube is

o; - al\ k al n J'

so that, if the tube be very thick in comparison with its bore, the

increase is nearly Uhi. In flint glass this is approximately about

T^ViT. when n is a ton-weight per square inch.

Cylinder § 282. The reader who has followed the above investigation will

under find no difficulty in obtaining the corresponding results for a cylin-

ertemal drical tube, closed at both ends and exposed to external pressure n,

oresaure. in the fofm

.ja]_ 1

-al 3k'dx' «;•

<ip

dr'

na; /J _<_jj\
a]-< \ 3k r- In)'

The only comments we need make are (1) that the signs of these

distortions are now negative ; (2> that they aro(fio far as change of

volume is concerned) greater than fnr the internal pressure, as oj
has taken the place of a J as a fac'cr in each term involving k

; (3)

that the terms involving the rigidity are, except as regards sign,

unchanged.
The change of volume of every part of the walls is

and the change of volume of the interior is

-a'\k n )

The numerical value of the factor ^^-p^ i is aoout r5„ for

flint glass and about -ri^t for steel, when 11 is a ton-weight per

square inch. There is, however, a peculiarity which (when the

•waUs are thick enough) distinguishes this from the preceding case.

For k is usually considerably greater than n, so that a fortiori 3k

is greater than In. Hence, in the value of dpjdr, the term in n is

always greater than that in k so long as the pressure is internal.

Thus the radial effect is compression at all parts of the walls. But,

when the pressure is external, we may (if the walls be thick enough)
find a value of r for which.

3* r* 2/1

In glass, this occurs wnen r«16a, nearly. At this distance from
the axis there is no radial change of length; at greater distances

there is radial compression, and at smaller radial extension.

This is indicated in the diagrams C and D in fig. 66, which like

the former are ^eatly exaggerated. They represent the distortion

of smau spherical elements of a thick tube,—the first at the inner

wall, the second at the outer surface. As before, these are sections

made by a plane perpendicular to the axis of the cylinder.

§ 283. In a spherical shell of internal and external radii an and Spherical

Oj, the equations become a little more- simple on account of the shell

more complete symmetry. under

Using the same notation, so far as it is now applicable, we have external

pressure.

f= (e-/)Pi-/P,.

d ,

f^^-2/P, + cP,.

The statical equation is

2rP,=^(r^P,).

With these we obtain, for external pressure It, the result

T al-at\3k^ r'inj'

from which the other equation may be derived by differentiation.

§ 284. The propagation of plane waves in an elastic

solid has been discussed in Elasiicity, and the mechanics

of fluids is discussed under Hydromechanics.

General Considerations.

§ 285. The preceding view of the subject of Abstract pencn

Dynamics has been based entirely upon Newton's Laws of eonsi-

Motion, which were adopted without discussion, as a com- ^^"'

plete and perfectly definite foundation ; and the terms

employed, as well as the mode of treatment in general,

have somewhat closely followed Newton's system. The
only. considerable apparent departure from that system

is connected with the development of the idea of energy,

and its application to the simplificatioa of many of the

methods and results. This also was, as we have seen,

really introduced by Newton ; but it has been immensely

extended since his time both by mathematical and by

experimental processes. It is time that we should now
return to the laws of motion, and examine more closely,

in the light of what we have learned, one or two of the

more prominent ideas which they embody. To do so

fairly we must go back to Newton's own definitions of the

terms which he employs. About many of these, which

have already been quoted in §§ 97-1 1 3, there is no difference

of opinion. But it is otherwise when we come to the

definition of " force "
(§§ 5, 104).

There can be no doubt that the proper use of the term Force.

" force " in modern science is that which is implied in the

statement of the first law of motion, as we rendered it in

§ 1 from Newton's Latin. It is thus seen to be the English

equivalent of the term vis impressa. Newton uses tha

word vis in other connexions, and with a certain vague-

ness inevitable at a time when the terminology of science

was still only shaping itself ; but his idea of " force " was
perfectly definite, and when this is in his mind the vague

word vis is (when necessary) always qualified and rendered

precise, either by the addition of ivipressa or in some

equally unambiguous way. To render vishy " force," wher-

ever it stands without the impressa or its equivalents, is

to introduce a quite gratuitous confusion for which Newton
is not responsible. We have only to think of the multitude

of terms, such as vis insita (inertia), vis acceleratrix (accel-

eration), vis viva (kinetic energy), &c., &c., to see that all

such complex expressions must be regarded as wholes, and
that ms does not mean " force " in any one of them.

§ 286. Thus in Newton's view force is whatever chaitges

(but not " or tends to change") a body's stat4 of rest or of

uniform motion in a straight line.

He mentions, as . instances, percussion, pressure, and
central force.' Under the last of these heads he expressly

includes magnetic as weU as gravitational force. Thus

^ Vis ceniripeta. It has been already explained that such word
as ceniripeta include impressa, so tbatthe above rendering of Newton'
phrase is the obvious one
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force may liav& different origins, but it is always one and

the same ; and it produces, in any body to which it is
j

ai>i)lied, a change of momentum in its own direction, and

in amount proportional to its magnitude and to the time

during which it ai;ts.

§ 287. Thus, from Newton's point of view, equilibrium

is not a balancing of forces, but a balauctng of the effects of

forces. When a mass rests on a table, gravity produces in it

a verticallydownwurd velocity which is continually neutral-

ized by the equal upward velocity produced by the reaction

of the table ; and these forces, whose origins and places of

application are alike so widely different, are (as forces), in

every respect except direction, similar and equal. And
they are so because they produce, in equal times, equal

and opposite quantities of motion.

§288. The idea of "force" was undoubtedly suggested

bgrthe "muscubir sense''; and there can bo no question as to

the vividness of the sensation of effort we experience when

wc try to lift a heavy v/eight or to open a massive gate.

In this, as in other cases, it is the busintss of science to

find what objective fact correspond.s to the subjective

data of sensation. It is very difficulL to realize the fact,

certain as it is, that light (in the senso l( hriyhliiess) is a

mere sensation or subjective impression, and has no

objective existence. Yet we know that, beside those

ladiations which give us the sensation of light, there are

Others,.ia. endless series both higher and lower in their

refrangibility, to which our eyes are absolutely blind. And
the only difference between these and the former is one of

mere wave-length or of period of vibration. Similarly, it

is very hard to realize the fact that sound (in the sense of

noia() is only a sensation ; and that outside us there is

merely a series of alternate compressions and dilatations of

the air, the groat majority of which produce no sensible

effect upon our ears. Thus because we know that we
should seek in vain for brightness or noise in the external

world, familiar as our senses have rendered us with these

conceptions, we are driven to inquire whethir the idea

of force may not also be a mere suggestion of sense, cnrre-

uponding (no doubt) to some process going on outside us,

but quite as different from the sensation which suggests

it as is a periodic shearing of the ether fjora brightness,

or a periodic change of density of air from noise.

§ 289. So far, we have treated of force as acting on a body
without inquiring whence or why ; we have referred to the

first and second laws of motion only, and have thus seen

only one half of the phenomenon. As soon, however, as

we turn to the third law,- we find a new light cast on the

question. Force is always dual. To ecriy action there is

alwayn an equal and contrary reaction. Thus the weight

Which we lift or try to lift, and the massive gate which

we open or try to open, both as truly exert force upon our

hands as wo do upon them. ITiis looking to the other

side of the account, as it were, puts matters in a very

different aspect. " Do you mean to tell me," said a

medical man of the old school, " that, if I pull a ' subject

'

by the band, it will pull me with on equal and opposite

force)" When he was convinced of the truth of this state-

ment, ho gave up the objectivity of force at once.

§ 230. The third law. in modern phraseology, is merely
this:

—

Every action I'-lmeeii tim iodies Is a stress.

When we pull one end of a string, the other end being

fixed, we produce what is called <cii.</o'i in the string.

When we push one end of a beam, of which the other eud
is fixed, we produce what is called jiresai/re throui;bout the

beam. Leaving out ol account, fur the moment, the eflucts

of gravity, this merely amounts to saying that there is stress

across every transverse section of the siring or boaUL Bui,

in the case of the string, the part of the stress which every

portion exerts on the adjoining portion is a ;)!i// ; in the

case of the beam it is a. j)itsk. And all this distribution of

stress, (hough exerted across every one of the infinitely

numerous cross sections of the string or beam, disappears

the moment we let go the end. We can thus, by a touch,

call into action at will au infinite number of stresses, and
put them out of existence again as easily. This, of itself,

is a very strong argument against the supposition that

force, in any form, can have objective reality.

§ 291. Wc must now say a word or two on the question

of the objective realities in the physical world. If we
inquire carefully into the grounds we have for believing

that matter (whatever it may be) has objective existence,

wo find that by far the most convincing of them is v.hat

may be called the " conservation of matter." This means
that, do what we will, we cannot alter the mass or quantity

of a portion of matter. We may change its form, dimen-

sions, state of aggregation, ic, or (by chemical processes)

we may entirely alter its appearance and properties, but its

quantity remains unchanged. It is this experimental result

which has led, by the aid of the balance, to the immense
developments of modern chemistry. If we receive this

as evidence of the objective reality of matter, we must
allow objective reality to anything else which we find to

be conserved in, the same sense as matter is conserved

Now there is no such thing as negative mass ; mass is,

in mathematical language, a signless quantity. Hence the

conservation of matter does not contemplate the simul-

taneous production of equal quantities of positive and
negative mass, thus leaving the (algebraic) sum un-

changed. But this is the nature of conservation of

momentum (§ 165) and of moment of momentum. The
only other known thing in the physical universe, which is

conserved in the same sense as matter is conserved, is

energy. Ilence we naturally consider energy as the other

objective reality in the physical universe, and look to it for

information as to the true nature of what we call force.

§ 292. When we do so, the answer is easily obtained,

and in a completely satisfactory form. We give only a very

simple instance. When a stone, whose mass is II and
weight W, has fallen through a space h towards the earth,

it has acquired a speed v, which, (§ 28) is given by tha

equation
pii,==AVA.

This is a particular ca«e of the conservation of energy,

but the terms in which it is expressed are those suggested)

by Newton's laws of motion, and are therefore based on the

recognition of "force." The first member of the equation

represents the kinetic energy acquired; the second th<

potmitial energy lost, or the work done by gravity upon ths

stone during its fall. Both members therefore express reaf

things, having objective existence.

But the "force" (so-called) which, is said to Lave pio-

doced the motion, has the value

\7~Ulryh,

i.e., it is the rale per unit of length, at which potential

. energy is converted into kinetic energy during the fall.

• In other words, it is merely an expression for the space-rcUi

I af vliich energy is tranyfornieil.

I
S 293. Another mode of presenting the cas-j will make

this still more clear. Tlio average speed with which
' the stone falls is (;5 28) r'2. Divide both sides of . the
' equation above by this quantity, remembering that 2/( V is

: the time of falling, which we calf t. We have thus,

as another perfectly legitimate deduction from our premises,

I

W-Miy(.

I

Hero the (socaiied) lorco appears in a new light. It is

now the time-rait at tvhick rnuntcntnm is generated in tlip

: falling stone.

True
^

nature jJ

toTca.

Timp-.
rafc 0^

cbaag« <^

turn.
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§ 294. The statements in the last two sections are, in

fact, merely particular cases of Newton's two interpreta-

tions of action in the third law, which have already been

discussed (§§ 165, 167).

Analytically, the whole affair is merely this : if « te the space

described, v the speed of a particle,

.. . dv dv di dv

di as dt (la

Hence the eouation of motion (formed by the second law)

which gives / as the time-rate of increase of momentum, may be

written in the new form
dv d ,, ,, ,

giving/ as the space-rate of increase of kinetic energy.

§ 295. But a mere rate, be it a space-rate or a time-rate,

is not a thing which has objective existence. No one would

confound the bank rate of interest with a sum of money,

nor the birth or death rate of a country with a group of

individual human beings. These rates are, in fact, mere

abstract numbers, by the help of which a man may com-

pute interest per annum from the amount of capital, or

the number of infants per annum from the amount of the

population. The gradient of temperature, in an irregularly

heated body, is a mere vector-rate, by the help of which we
can calculate how much enerjy (in the form of heat) passes

in a given time across any assigned surface in the body.

To attribute objectivity to a rate is even more ridiculous

than it would be to attribute it to a sensation, or to a

thought, or to a word or phrase which we find useful in

characterizing some material object.

§ 296. On the other hand, all, these different kinds of

rates have been introduced and continue to be employed, be-

cause they have been found to be useful. There is no harm
done by retaining them, provided those who use them know
that they are introduced for convenience of expression, and

not because there are objective realities corresponding to

them. Even such a term as " centrifugal forge " is some-

times useful ; but always under the proviso that he who
employs it shall remember that it is only one side of the

stress under which a particle of matter is compelled, in spite

of its inertia, to move in a curved line. But the term must
be taken, like "algebra," "theodolite," "Abracadabra," or

any other combination of letters whose derivation is un-

certain or unknown, as one and indivisible, to which a

certain definite meaning is attached, and as having nothing

whatever to do with the meaning or derivation of the

word centrifugal, whose embodiment in it is a perennial

monument to the memory of an old error.

Potential §297. The main characteristics of energy, especially from
««rgy the experimental point of view, have already been discussed
toetic. mi(jer Dynamics {q.v.) and Enekgy {q.v.). But there is

one point of importance connected with it which comes
• more naturally here than in either of the articles referred to.

When two measurable quantities, of any kind, are equi-

valent to one another, their numerical expressions must
involve the same fundamental units, and in the same
manner. This is obvious from the fact that an alteration

of any unit alters in the inverse ratio the numerical
measure of any quantity which is a mere multiple of it.

And equivalent quantities must always be expressed by
equal numbers when both are measured in terms of the
same system of units. It appears, therefore, from the
conservation of energy directly, as well as from the special

data in §§ 111, 113, that potential energy must, like kinetic
'energy, be of dimensions [ML^T'-].

Now it is impossible to conceive of a truly dormant form
of energy whose magnitude should depend inany way on
the unit of time ; and we are therefore forced to the con-
clusion that potential energy, like kinetic energy, depends

(in some as yet unexplained, or rather unimagined, way
upon motion. For the immediate purposes of this articlt

the question is not one of importance. We have been
dealing with the more direct consequences of a very

compact set of laws, exceedingly simgle in themselves,

originally based upon observation and experiment, and,

most certainly, true. But reason cannot content itself with

the mere consequences of a series of observed facts, how-
ever elegantly and concisely these may be stated by the

help of new terms and their definitions. We are forced to

inquire into what may underlie these definitions, and the

laws which are observed to regulate the things signified by
them. And the conclusion which appears inevitable is

that, whatever matter may be, the other reality in the

physical universe, energy, which is never found unassociate

with matter, depends in all its widely varied forms upon
motion of matter. In some cases we are sure, in others

we can as yet only suspect, that it depends upon motions

in a medium which, unlike ordinary matter, has not yet

been subjected to the scrutiny of the chemist. But the

question, in its generality, is one of the most obscure in

the whole range of physics. In the articles Atom,
Attraction, Ether, will be found nearly all that is yet

known on this profoundly difficult subject. But to what
is there said must be added the remark that a state of

strain of the ether, whether associated with the propagation

of light and radiant heat or with a statical distribution of

electricity, represents so much " potential " energy, and
must in its turn in some way depend on motion.

§ 298. The remarks of Clerk JIaxwell on the nature of Ma:cwd

the evidence for Newton's first law of motion raise a °^

question, in some respects novel, but in all respects well
"'"^'^'

worthy of careful study. _ He says :

—

" Our conviction of the fnth of this law may be greatly
strengthened by considering what is involved in a denial of it.

Given a body in motion. At a given instant let it be loft to itself

and not acted on by any force. What will happen ? According to
Newton's law it will persevere iu moving uniformly in a straight
line ; th.it is, its velocity will remain constant both in direction
and raagnituJe.
" If the velocity does not remain constant let ns suppose it to

vary. The change of velocity must have a definite direction and
magnitude. By the maxim that the same cnvscs mil ahmys pro-
duce tJie same effects, this variation must be the same whatever be
the time or place of the experiment. The direction of the change
of motion must therefore be determined either by the direction of

the motion itself, or by some direction fixed in the body. Let
us, in the first place, suppose the law to be tliat the velocity

diminishes at a certain rate, which, for the sake of the argument,
we may suppose so slow that by no experiments on moving bodies
could we have detected the diminution of velocity in hundreds of

ye.nrs. The velocity referred to in this hypothetical law can only
be the velocity referred to a point absolutely at rest. For if it is a

relative velocity, its direction as well as its magnitude depends on
the velocity of the point of reference. If, when referred to a

certain point, the body appears to be moving northward with
diminishing velocity, we have only to refer it to another point
moving northward with a uniform velocity greater than that of the
body, and it will appear to be moving southward with increasing

velocity. Hence the hypothetical law is without meaning, unless

we admit the possibility of defining absolute re.<it and absolute

velocity

"It may thus be shown that the denial of Newton's law is in'

contradiction to the only system of consistent doctrine about space

and time which the human mind has been able to form."

This is a good example of a valuable application of a

principle which, in its widest scope, is inconsistent with

the true foundations of physical science. It is, in fact, the

exceedingly dangerous " principle of sufficient reason "

—

'

which requires for its legitimate use the utmost talent and

knowledge on the part of the user.

§ 299. But in all methods and systems which involve the True _ '

idea of force there is the leaven of artificiality. T/te true '^"'^ " '

laws of motion, based entirely on experiments of the most

extensive and most varied kinds, are those of the conserva-

tion and of the transformation of energy. With the h^lp
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of kinematical ideas, it is easy to base the whole science of

dynamics on these principles ; and there is no necfcssity

for the introduction of the word " force " nor of the sense-

suggested ideas on which it was originally based.

§ 300. Nothing beyond a ijiere mention has been made
above of virtual velocities, and of the so-called element-

ary machines. These belong to the subject of Applied
Mechanics, separately treated below.

§ 301. The references which have been made to various

grand theories, such as action, impulse in general, lic,

have been illustrated by simple cases only. For a detailed

examination of these theories the reader is referred to

Thomson and Tait's A'atiiral Philosophy, chap. fi. To the

same work he is referred for the general " theory of small

oscillations," the "dissipativo function," the "ignoration of

coordinates," the treatment of "gyrostatic systems" and
of "kinetic stability." All of these have been exhibited,

though in mere particular instances, in the preceding pages.

Treatises oil Mechanics.

§ 302. Tlie following works on Mechanics are indispensable :

—

1. Newton's Principia (1st cd., 1687; latest eJ., 'Glasgow,

1871). Here, for the first time, the fiinJamental principles were
systematized, extended (as we have seen) in a raost vital particular,

and applied, by the aid of a new mathe-.natical method ot immense
power (based entirely on kinematical considerations), to many of the

most important questions of cosmical and terrestrial dynamics.
Newton's system was first taught in the university of Edinburgh

;

and, with brief intervals, his methods also have been habitually

kept before tho students there. From the time of Maclaufin to

that of Forbes the value of the quasi-geometrical methods in giving
a clear insight into the problems treated has rarely been overlooked.

In Cambridge these methods were of later introduction, but they
still deserredly figure as a necessary part of the reading of candi-

dates for " mathefnatical honours," It is to be feared, liowever,

that in some other British universities the study of Newton's
methods is not prosecuted to anything like the same extent. But
the very reverse seems to be the case in An>erica, where, probably to

a considerable extent on this account, mathematical physics is

advancihg in a most remarkable manner.
2. Lagrange's Micamqne Anahjtique (1st ed., 1788). Thongh'

objections may fairly bo taken to the fundamental method of this

work, there can be no question as to the immense power and origin-

ality of its author. His "generalized coordinates," and tlie equations

of motion of a system in terms of those, form one of the most im-

portant contributions to the science since the days of Newton. The
method of Lagrange, though he was not aware of the fact, is really

based upon the consideration of energy ; and when, in quite recent

times, experiment had shown what are the grand laws of energy,

Lagrange 3 magnificent mathematical methods and results were

ready for translation into the new language of science.

3. Hamilton's papers in tho Philosopldcal Transactions for

1833 and 1834. Here the principle of varying action, and the

characteristic function, were first applied to mcchanios;—though
they had been given, some years before, to the Foyal Irish

Academy, ii) their optical applications. Grand as have been the

extensions of these new ideas made by Httmilton himself, and by
many others, among whom Jncobi and Liouville may be especi-

ally mentioned, they have been mainly in a purely mathe-
matical direction. Wo wait for what cannot now be long delayed,

the coming of the philosopher who is to tell us tltc true dynamical
roarings ot varying action and of the characteristic function.

4. If to these we add some of tho works of Galileo, Huyecua,
Puler, Maclaurin, and D'Alenibort, .we liave the^reat landmarks in'

the history of the subject, as distinguished from its development.

B. The mere «numeration of tho more important developments

which the subject has received, as distinguished from the absolutely

new grand ideas and nietbods introduced, wbuld require a long

article. Brilliant cxamjiles of what mny be done in this direction ai'o

furnished by Stokes's "Report on Recent Researches in, Hydro-

dyoamics " and by Caylcy s " Reports on Theoretical Dynamics"
(printed in the Briiisk Ansociation Hrports for 1846, and for 1857

find 1862). These should bo consulted by every student who
desires to trace the growth of the subject. They nave been suc-

ceeded, in tho same Iteporls (1880, 1881) by two excellent sum-.

Diaries, by Hicks, of " Recent IVigiess in Hydrodynamics."

But Laplace's Mtcaniqite Celeste, I'oisson'a Mecanique, Poinsot's

Thiorie Noinvlle de la. Jlotation, ka., moro or less parts of tho

tramediatc outcome of the period when France intellectually dwarled

the rest of the world, are still of far more than mere historic value.

For the English-reoding student of modern times, tho work of

TUonwon and Tait will be found suitalli), The aulhoi-s of this

work claim the position of "restorers," not of innovators; sud
they have (since 1863, when the first short sketch of their work
was published) striven with success to re-establish in Britain
Newton's grand yet simple foundations of the subject. But these
foundations, as stated aoove, arc only temporarily the best. We
have not, «« yet, anything nearly so good.

Other modern works of value are the Analytic Mechanics of the
lato Professor Peirce (Boston,. 1855) and KiichholPs Vorlesungen
iiber Mathematische Physik (Leipsic, 1876). Both are rather of the
nature of collections of short treatises on special questions thaa
organized wholes, but both will well repay careful reading. This,
in the case of Peirce's work, is rendered extremely puzzling and
laborious by the peculiar notations -and modes of reference adopted
by the author. It is particularly interesting to study the ways in
which the fundamental principles are introduced in these works,
and to compare them with the corresponding parts of the works of
Newton and Lagrange. Lagrange, Peirce, and Kirchhotf construct
each a system as free from anything but analysis as possible.

In fact Lagrange prefaces his work by the characteristic statement,
" Ou ne trouvera point de Figures dans cet ouvrage. Les m^thodes
que j'y expose ne demandeut ni constructions, ni raisonnemens
geometriques ou mechaniques, mals seulement dea operations
algebriques, assujetties a une marcho reguliere et uniforme. Ceux
qui aiment I'Analyse verrodt avec plaisir la llecbanique en deveuir
une nouvello branche." .... How far we have considered it ex-

pedient to tliffer from such an authority, a glance at the preceding
pages will show.
A part of the detailed work of several of the examples above

given in Dynamics of a Particle has been taken from the elementary
treatise (with that title) of Tait and Steele. The English reader
who wishes to pursue elementary Statics may rirofitably consult the
treatise of llinchin. The higher parts are aiscussecl in the work
of SomofT, Theorctische Mcchanik (Leipsic, 1879). An excellent

introduction to the use of Generalized Coordinates has been pub-
lished by Watson and Burbury (1879). . On Lagrange's Generalized

Equations the student should also read iu iUxwell's Treatise on
Electricity and Magnetism, part iv. chap. v. And Maxwell's brief

treatise on Matter and Motion should be in the hands of every
one commencing the subject.

- Analysis or tue Precedino Article.

Newton's Laws of JIotion, u-ilh Comments, assumed as the baria

of the article, §§1-13.
Kinematics : Position, §§ 14-19; Kinematics of I'uini, §§ 20-70;

of Plane Figure in its uv-n Plane, §§ 71-74 ; of Rigid Figure,
§"§ 75-83 ; of Deformalle Figure, iS 84-95.

Dynamics of a Pakticle : Omeral Considerations, §§ 96-t113;

Further Comments on the First Tuv Laws of Motion, §§ 114-

119.; Friction, §§ 120-121; Utatics of a Particle, §§ 122-128;
Kinetics of a Particle with One Degree of Freedom (Meteorite,

Hailstone, Pendulum, Cycloidal and Eesisied Pendulum),

|§ 129-139 ; -with Two Degrees of Freedom (^Planetary Mo-
tion, Kepler's Laus and their Consequences, Kinetic Stability),

§§ 140-149; Tlie Brachislochrone, §§ U,0-\b2 ; Kinetics of a
Particle generally {Conical Pendulum, Blackburn's and Fou-

cault's Pendulums, Varying Constraint, Dislxirbed Motion),

§§ 153-163; 7'hird Law, Kinetics of Tiro or More Particles

(Ativood's Machine, Chain-shot, Complex Pendulum), §§ 164-

178 ; Kinetics of Free Particles generally, Virial, § 179

;

Impact\Cmdinuous Series of Infinitely Small Impacts, Pocket),

§§ 180-190 ; Dynamics of a System of Particles generally

(Equilibrium—Neutral, Stable, and Unstable ; Lagrange't

General .Equation), §§ 191-199; Action, §§ 200-214; Gene-

ralized Coordinates, li2\b, IU. '
'i

Statics of a Rigid Solid; Mcdvction ofForces to Force and CoupU,

Minding's Theorem, Example's of Statical Problems, §§ 217-

233. •
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^ 1. Tho practical applications of mecbanics may be divided into
two classes, according as the assemblages of material objects to

which they relate ate intended to remain fixed or to move rela-

tively to each other,—the former class bein;; comprehended tinder

the term "Theory of Structures," and the latter under the term
" Theory of Machines." As the details of the theory of structures

are dealt with in other articles, it will be tieated of here to such
extent only as may be necessary in order to state cert.iin general

principles applicable to all these subjects. The greater part of the
irticle will relate to machines.

PART I. OUTLINE OF THE THEORY OF STRUCTURES.

2. Support of Slntdures.—Every structure, as a whole, is main-
tained in equilibrium by the joint action of its own weiijM, of the
external load or presrore applied to it from without and tending to
displace it, andof the resistance of the material which supports it.

A structure is supported either by resting on the solid crust of the
earth, as buildings do, or by floating in a fluid, as ships do in water
and balloons in air. The principles of the support of a floating
structure form an important part of Hydromechanics (q.v.). The
principles of the support, as a whole, of a structure resting on the
land, are so far identical with those which regulate the equilibrium
and stability of the several parts of that structure, and of which a
summary will presently be given, that the only principle which
seems to recfuire special mention here is one which comprehends in
one statement the power both of liquids and of loose earth to
snpport structures, and which was first demonstrated in a paper
"On the Stability of Loose Earth,' read to the Royal Society on
the 19th of June 1856, and published in the Philosophical Trans-
actions for that year, viz. —
Let E represent the weight of the portion of a horizontal stratum

of earth which is displaced by the foundation of a structure, S the
utmost weight of that structure consistently with the power of the
earth to resist displacement, the ang e of repose of the earth

;

then
S_ l-fsmc^i'
E 1 - sin (6 'sin0 I

To apply this to liqiuds, </> must be made
o

0, and then-=- = 1, as

is well known.
3. Composition of a Structure, and Connexion of its Pieces.—

A

structure is composed otpzeces,—such as the stones of a building in

masonry, the beams of a timber frame-work, th6 bars, plates, and
bolts of an iron bridge. Those pieces are connected at their joints

or surfaces of mutual contact, eitlier by simple pressure and friction

(as in masonry with moist mortar or without mortar), by pressure
and adhesion (as in masonry with cement or with hardened mortar,
and timber with glue), or by the resistance of fastenings of diiferent

kinds, whether made by means of the form of the joint (as dovetails,

notches, mortises, and tenons) or by separate fastening pieces (as

trenails, pins, spikes, nails, holdfasts, screws, bolts, rivets, hoops,
straps, and sockets)

4. ^Stability, Stiffness, and Strength.—A structure may be
damaged or destroyed m thrSe ways —first, by displacement of its

pieces from their proper positions relatively to each other or to the
earth , secondly, by disfigureineni of one or m'^re of those pieces,

owing to their being unable to preseiTe their proper shapes under
the pressures to which they are subjected , thirdly, by breaking of
one or more of those pieces The power of resisting displacemen ",

constitutes staHlity ; the power of each piece to resist disfigurement
IS its stiffness ; and its power to resist brealaug, its strength

6 Conditions of Stabdibj.—The pnnciples of the stability of a
structore can be to a certain extent investigated independently of

the stifl"ness and strength, by assuming, in the first instance, that
each piece has strength sufficient to be safe against bemg broken,
and stiffness sufficient to prevent its being disfigured to an extent
inconsistent with the purposes ofthe structure, by the greatest forces

which are to "be applied to it. The condition that each piece of the
structure is to be maintained in equilibrium by having its gross load,
conaistang of its own weight and of the external pressure applied
to it, balanced by the resistances or pressures exerted between it

and the contiguous pieces, furnishes the means of determining the
magnitude, position, and direction of the resistances required at each
joint in order to produce equilibrium ; and thu conditions of stability

are, first, that the position, and, secondly, that the direction, of the
resistance required at each joint shall, under all the variations to
which the load is subject, be such as the joint is capable of exert-
ing)—conditions which are fulfilled by suitably adjusting the figures
Bnd positions of the joints, end the ratios of the gross loads of the
pieces. As for the magnitude of the resistance, it is limited by con-
oitions, not of stability, but of strength and stiffness.

6. Principle of Least Resistance.—Where more than one system
of resistances are alike capaMe of balancing the some svstem ofdoads

api>lied to a given structure, it has been demonstrated by Moselcy
tliat the smallest of those alternative systems is that which wiU
actually be exerted,—because the resistances to displacement are the
elTect of a strained state of the pieces, which strained state is the
effect of the load, and when the load is applied the strained state
and the resistances produced by it increase until the resistances
acquire just those magnitudes which are sufficient to balance the
load, after which they increase no further.

This principle of least resistance renders determinate many
problems in tho statics of structures which were formerly considered
indeterminate.

7. Jiclat ions between Polygons of Loads and of Eeiistances. In a
structure in which each piece is supported at two joints only, the
well.-lruown laws of statics show that the directions of the gross load
on each piece and of the two resistances by which it is supported
must lie in one plane, must either be parallel or meet in one
point, and must bear to each other, if not parallel, the proportions
of the sides of a triangle respectively parallel to their directions,
and, if parallel, such proportipns that each of the three forces shall
be proportional tathe distance between the other two,—all the th/ee
distances being measured along one direction.

Considering, in the first place, the case in which the load and tho
two resistances by which each piece is balanced meet in one point,
which may be called the centre of load, there will be as many such
points of intersection, or centres of load, as there are pieces in the
structure ; and the directions and positions of tha resistances or
mutual pressures exerted between the pieces will be represented by
the sides of a
polygon joining ^S *?

those points, as

in fig 1, where

"i. Ps. P31
Y*

represent the '^^••

centres of load
in a structure of

four pieces, and
the sides of the
polygon of resist-

ances PiPjPjPj
represent res[>ec

tively the directions and position., of the resistances exerted at the

joints. Further, at any one of the centres of load let PL represent

the magnitude and direction of the gross load, and Pa, P6 the two
resistances by which the piece to which that load is applied is

supported ; then M'ill those three lines be respectively the diagonal

and sides of a parallelogram ; or, what is the same thing, they will

be equal to the three sides of a triangle ; and they must bo in the

same plane, although the sides of the polygon of resistances maybe
in different planes

According to a well-known principle of statics, becanse the loads

or external pressures PiIji, &c., balance each other, they must b*

proportional to the sides of a closed poly-

gon drawn respectively parallel to their

directions In fig 2 construct such a

polygon of loads by drawing the lines L],

&c., parallel and proportional to, and
joined end to end in the order of, the

gross loads on the pieces of the structure.

Then from the proportionality and paral-

lelism of the load and the two resistances

applied to each p'cce of the structure to

the three sides of a triang'e, there results

the foJowing theorem [ongtr.aUy due to

Rankine] :

—

If from the angles of the polygon of
loads there be drawn lines (R,, Ej, &c.),

eachof which isparallel to the resistance (as P,P5,.&c.) exertedat i7i«

joint between the pieces to which the two loads represented by the

contiguous sides of the polygon of loads (siu:h as Lj, L,, &c.) are

applied; then mill all those lines meet in one point (0), and their

lengths, measured from that point to the angles of the polygon,

will represent the magniiudes of the resistances to. which they swe

respectively parallel.

When the load on one of the pieces is paraUel to tlie resistances

which balance it, the polygon of resistances ceases to be closed, two

of the sides becoming parallel to each other and to the load in

queetion, and extending indefinitely. In the polygon of loads the

direction.of a load sustained by parallel resistances trftveises the

noint 0.

8. Bow the Earth's Resistance is to ie treated.—When the pressure

exerted by a structure on the earth (to which the earth's resistance

is equal and opposite) consists either of one pressure, which is

necessarily the resultant of the weight of the structure and of all

the other forces applied to it, or of two or more parallel verticil

forces, whose amount can be determined at the outset of tlie
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invcstig.itioii. the resistance of the earth can be treated as one or

more vpioard loads applied to the structare. But in other eases the

earth is to be treated as oitco/l/w pieces 6/ the structure^ loaded with

a force equal and opposite in direction and position to the resultiut

of the weight of the structure and of the other pressures applied

to it.

9. 'Partial Polygom of Eesislance.—In a atiuctnre in which there

are pieces supported at more than two joints, let a polygon be con-

structed of lines connecting the centres of load of any continuous

series of pieces. This may be called a partial polygon of resistavces.

In consiaering its properties, the loadat each centre of load is to be

held to include the resistances of those joints which are not com-

prehended in the partial polygon of resistances, to which the theorem

of section 7 will then apply in every respect. By constructing

several partial polygons, and computing the relations between the

loads and resistances which are determined by the application of

that theorem to each of them, with the aid, if necessary, of

Moseley's principle of the least resistance, the whole of the relations

amongst the loads and resistances may bo found.

10. Liii'- of Pressures—Centres and Line of Resistance.—The line

ofpressures is a line to which the directions of all the resistances in

one polygon are tauOTnts. , The centre of resistance at any joint is

the point where the line representing the total resistance exerted at

that joint intersects the joint. The line of resistance is a line tra-

versing all the centres of resistance of a scries of joints,—itsform, in

the positions intermediate between the actual joints of the structure,

being determined by supposing the pieces and their loads to be sub-

divided by the introduction of intermediate joints ad infinilvm,

and finding the continuous line, curved or straight, in which the in-

termediate centres of rcsistancii aro all situated, however great

their number. The difference between the line of resistance and
the line of pressures was first pointed out by Moseley.

11. Slabilitij of Position, and Stiibilit>i of Friction.—The resist-

ances at the several joints htiving been determined by the principles

set forth in sections 6, 7, 8, 9, and 10, not only under the ordinary

load of the structure, but under all the vniiations to which the load

is subject as to amount and distribution, the joints are now to be

placed and shaped so that the pieces shall not suffer relative dis-

))lacoment under any of those loads. The relative displacement of

the two pieces which abut against each other at a joint may take

place either by turning or by sliding. Safety against displacement

by turnin" is called stiihililn of position ; safety against displace-

ment by sliding, slahOily offriction.

12. Condition of SInltilily of Position.—If the materials of a struc-

ture were infinitely stiff and strong, stability of position at any joint

would bo insured simply by making the centre of resistance fall

within the joint under all possible vari.ations of load. In order to

allow for the finite stiffness and strength of materials, the least dis-

tance of the centre of resistance mward from the nearest edge of the

joint is made to bear a definite proportion to the depth of the joint

measured in the same direction, which proportion is fixed, some-
times empirically, sometimes by theoretical deduction from the laws

of the strength of materials. That least distance is called by
Moseley tht modulus of stability. The following are .some of the

ratios of thi; modulus of BtabUity to the depth of tho joint which
occur in practice :

—

• RoUhilnj; walls, Dsdestini^tl bj-BiitiBhcnKineers. ^
licldlninn wall*. «a tichlpned by French cntclneers „
Rfctuiifc-ular piers of bridges and other buildings, and aich-stones.
Kectanh'ulor foundations, firm pround
RectaDKular foandalions, verj' "O'* ground
RectanKiilar foundations, interniediate kinds of ^-ound 1 :3 to 1

Tliln, hollow towers (sucli' as fumuce cliimneys exposed to lllgh

winds), square '.

Thin, hollow tnwcrs, chculAr..» -
Frames of tlinlx-r oi' metal, undet' their ordlnoj'y or avcuiKC diatrj-

butlfm of Iniiil

Frames o( tlml)cr or metal, under tho groaust. Irregularities of
loail

In the case of the towers, tho depth of t/ie joint is to be understood
to mean the diameter of the tower.

13. Condition of Stability of Friction.—If tho resistance to be
exerted at a joint is always perpendicular to the surfaces which abut
at and form that joint, there is no
tendency of the pieces to be displaced

by gliding. If the resistance be oblique,

let JK (fig. 3) be the joint, C its centre

of resistance, CR a line representing

tho resistance, CN a pcrpendirular to

the joint at the centre of resistnnce.

The ani{lo NCR is tho obliquity of the

resistance. From R draw RP parallel

and RQ perpendicular to tho joint

;

then, by the princi|iles of statics, tho

com[)oncnt of tlio nsistancc jionnai to

the joint is

—

CP-CR.coa^PRC;
and the component tangential to tho joint is

—

CQ-CR . 8iu^PCK-Cl' . Uft^PCK.

1:8

\:i
1:3
1:2

:'i

:-t

:3

1:3

Fig. 3.

If the joint be provided titlicr with projections and recesses, such as
mortises and tenons, or with fastenings, such as pins or bolts, so as
to resist displacement by sliding, the question of the utmost amount
of the tangential resistance CQ which it is capable of exerting
defiends on the strength of such projections, recesses, or fastenings,

and belongs to the subject of strength, and not to that of stability.

In other cases the safety of the joint against displacement by sliding

depends on its power of exerting friction, and that power depends
on the law, known by experiment, that the friction between two
surfaces bears a constant ratio, depending on the natur-e of tho
surfaces, to the force by which they are pressed together. In order

that the surfaces which abut at the joint JK may be pressed
together, the resistance required by the conditions of equilibrium,

CR, must be a thrust and not a pull ; and in that case the force by
which the surfaces are pressed together is equal and opposite to the

normal component CPof the resistance. Tlie condition of stability

of friction is that the tangential component CQ of the resistanco

required shall not exceed the friction due to the normal component

;

that is, that

CQ:j>/.cp,

where/ denotes the coefficient offriction for the snrfaces in question.

The angle whose tangent is the eoetlicient of friction is called the,

angle of repose, and is expressed symbolically by

—

<p = tan - V.
Now CQ = CP . tan^PCR ;

consequently tho condition of stability of fiictidn is fulfilled if

that is to say, if t/ic obliquity of the resistance required at the joint
does not exceed the angle of repose ; and this condition ought to be
fulfilled under all possible variations of tho load.

It is chiefly in niaaoury and earthwork that stability of friction is

relied on.

14. inability of Friction in Earth.—The grains of a mass of loose

earth are to be regarded as so many separate pieces abutting against

each other at joints in all passible positions, and depending for

their stability on friction. To determine whether a mass of earth

is stable at a given point, conceive that point to be traversed by
pl.-ines in all possible positions, and determine which position gives

the greatest obliquity to tho total pressure exerted between the por-

tions of tho mass which abut against each other at the plane. Tho
condition of stability is that this obliquity shall not exceed tlie

angle of repose of the earth. The coiiscqueiices of this principle aro

developed in a paper "On the Stability of Loose Eaith," already

cited in sect. 2.

15. Parallel Projections of Figures.—If any figure be referred to
a system of coordinates, rectangular or oblique, and if a second

figure be constructed by means of a second system of coordinates,

rectangular or oblique, and either agieeing with or dill'eriug from
the first system in rectangularity or obliquity, but so related to the
coordin.ates of the first figure that for each point in the first figure

there shall be a corresponding point in the second figure, the lengths

of whose coordinates shall bear respectively to the three coiTe-

sponding coordinates of the corresponding point in the first figure

three ratios which are the same for every pair of corresponding

points in the two figures, these corresponding figures are called

parallel projections of each other. The properties of parallel pro-

jections of most importance to the subject of the present article

are the following :

—

(1) A parallel projection of a straight line is a sti'aight line.

'(2) A parallel projection of a plane is a plane.

(3) A parallel projection of a straight line or a plane surface

divided in a given ratio is a straight line or a plane surface divided

in the same ratio.

(4) A patallel projection of a ]iair of equal and parallel straight

lines, or plain surfaces, is a pair of equal and parallel straight lines,

or plane snrfaces ; whcnco it follows

(5) That a parallel projectiou of a parallelogram is a parallelo-

gram, and
(C) That a parallel projection of a parallelepiped is. a parallel-

epiped.

(7) A parallel projection of a pair of solids having a giren ratio

is a pair of solids lianng the same ratio.

Though not essential for tho purposes of tho present article, tho
following coiisequenci: will scn'e to illustrate the principle of
parallel projections :

—

(8) A parallel projection of a curve, or of a surface of a given
algebraical order, is a curve or a surface of the same order.

Kor example, all cllip^oids referred to coordiaatcs parallel to any
three conjugate diameters are )<arallel projections of each other and
of a sphere referred to rectangular coordinates.

16. ParalUl Projections ofSysttms of Forces.—If a balanced sj'stero

of forces ho represented by a sj-stem of lines, then will every parallel

projcutiou of tliat system of Uiies represent a bahmced system of
iorces.
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For the condition of equilibrium of forces not paralU't is tliat

they shall be represented in direction and magnitude by the sides

and diagonals of certain parallelograms, and of parallel forces

that they shall divide certain straiglit lines iu certain ratios ; and
the parallel projection of a parallelogram is a parallelogram, and
that of a straight line divided in a given ratio is a straight line

divided in the same ratio.

The resultant of a parallel projection of any sj'stcm of forces is

the projection of their resultant ; and the centre of gravity of a

parallel projection of a solid is the projection of the centre of

gravity of the first solid.

17. Principle of the Transformation of Slructiircs.—Here we
have the following theorem :—If a structure of a given ligure

have stability of position under a system of forces represented by a

given system of lines, then will any sti'ucture whose figure is a

jxirallel projection of that of the first structure have stability of

position under a system of forces represented by the corresponding

projection of the first system of lines.

For in the second structure the •weights, external pressures, and
resistances will balance each other as in the first structure ; the

iveights of the pieces and all other parallel systems of forces will

have the same ratios as in the first structure ; and the several

centres of resistance will divide the depths of the joints in the same
proportions as in the first structure.

If the first structure have stability of friction, the second struc-

ture will have stability of friction also, so long as the effect of the

projection is not to increase the obliquity of the resistance at any
joint beyond the angle of repose.

The lines representing the forces in the second figure show their

relative directions and mawnitudes. To find their absolute directions

and magnitudes, a vertical line is to be drawn in the first figure, of

such a length as to represent the weight of a particular portion of

the structure. Then will the projection of that line in the projected

figure indicate the vertical direction, and represent the weight of

the part of the second structure corresponding to the before-

mentioned portion of the first structure.

.

The foregoing "principle of the transformation of structures"
was first announced, though in a somewhat less comprehensive
form, to the Eoyal Society on the 6th of JIarch 1856. It is

useful in practice, by enabling the e»gineer easily to deduce the

conditions of equilibrium and stability of structures of complex
and unsymmetrical figures from those of structures of simple and
symmetrical figures. By its aid, for example, the whole of the
properties of elliptical arches, whether square or skew, whether level

or sloping iu their span, are at once deduced by projection from
those of symmetrical circular arches, and the properties of ellipsoidal

and elliptic-conoidal domes from those of hemispherical and circu-

lar-conoidal domes ; and the figures of arches fitted to resist the

thnist of earth, which is less horizontally than vertically in a cer-

tain given ratio, can be deduced by a projection from those of arches
fitted to resist the thrust of a liquid, which is of eoual intensity,

horizontally and vertically.

18. Coiklilions of Stiffness and Strength.—After the arrangement
of the pieces of a structure and the si^e and figure of their joints or

surfaces of contact have been determined so as to fulfil the conditions
of stahility,—conditions which depend mainly on the position and
direction of the resultant or total load on each piece, and the
rctoive magnitude of the loads on the different pieces,—the dimen-
sions of each piece singly have to be adjusted so as to fulfil the con-

ditions of stiffness and strength,—conditions which depend not only
on the absolute magnitude of the load on each piece, and of the
resistances by which it is balanced, but also on the mode of distri-

bution of the load over the piece, and of the resistances over the
joints.

The effect of the pressui-^s applied to a piece, consisting of the
load and the supporting resistances, is to force the piece into a state

of strai7i or disfigurement, which increases until the elasticity, or

resistance to strain, of the material causes it to exert a stress, or
effort to recover its figure, equal and opposite to the system of
applied pressures. The condition of stiffness is that the strtin or

disfigurement shall not be greater than is consistent with tl:e pur-
poses of the structure ; and the condition of strength is that the
stress shall be within the limits of that which the material can bear
with safety against breaking. The ratio in which the utmost stress

before breaking exceeds the safe working stress is called the factor

of safety, and is determined empirically. It varies from tliree to
twelve for various materials and structures.

The Strength of M.a.terials forms the subject of a special
article, to which the reader is referred.

PART 11. THEORY OF MACHINES.

19. Parts of a Machine—Frame and MccJuinism.—The parts of

a machine may be distinguished into two principal divisions,—the
frame, or fixed parts, and the mechanism, or moving parts. The
frame is a structure, which supports the pieces of the mechanism,
and to a certain .extent determines the nature of their motions.

The form and aiTangenient of the pieces of the frame depend upon
the arrangement and the motions of the mechanism ; the dimen-
sions of the pieces of the frame required in order to give it stability
and strength are determined from the pressures ajiplied to it by
means of the mechanism. It appears therefore that in general the
mechanism is to be designed first and the frame afterwards, and
that the designing of the frame is regulated by the principles of

the stability of structures and of the strength and stiffness of

materials,—care being taken to adapt the frame to the most se%-ere

load which can be thrown upon it at any period of the action of the
mechanism.

Each independent piece of the mechanism also is a structure, and
its dimensions are to ue adapted, according to the principles of the
strength and stilfness of materials, to the most severe load to which
it can be subjected during the action of the machine.

20. Definition and Division of the Jheonj of Machines.—From
what has been said in the last section it appears that the depart-
ment of the art of designing machines which has reference to the
stability of the frame and to the stilTiiess and strength of the frame
and mechanism is a branch of the art of construction. It is there-

fore to be separated from the theory of machines, properly speaking,

which has reference to the action of machines considered as moving.
In the action of a machine the following three things take place:

—

First, Some natural source of energy communicates motion and
force to a piece or pieces of the mechanism, called the receiver of
poivcr or prime vwver.

Secondly, The motion and force are transmitted from the prime
mover through the train of -incchanism to the working piece or

pieces, and during that transmission the motion and force are modi-

fied in amount and direction, so as to be rendered suitable for the

purpose to which they are to be applied.

2'hirdhj, The working piece or pieces by their motion, or by their

motion and force combined, produce some useful effect.

Such are the phenomena of the action of a machine, arranged in

the order of causation. But in studying or treating of the theory

of machines, the order of simplicity is the best ; and in this order

the first branch of the subject is the modification of motion and
force by the train of mechanism ; the next is the effect or purpose

of the machine ; and the last, or most complex, is the action of the

prims mover.

The modification of motion and the modification of force take

place together, and are connected by certain laws; but in the study

of the theory of machines, as well as in that of pure mechanics,

much advantage has been gained in point of clearness and sim-

plicity by first considering alone the principles of the modifica-

tion of motion, which arc founded upon what is now known as

Kinematics, and afterwards considering the principles of the com-

bined modification of motion and force, which are founded both on

geometry and on the laws of dynamics. The separation of kine-

matics from dynamics is due mainly to Jlonge, Ampere, and
Willis.

The theory of machines in the present article will be considered

under the following four heads :

—

I. PiT.E Mechaxism, or Applied Kinematics j being the

theory of machines considered simply as modifying motion.

A. Applied Dynamics ; being the theory of machines con-

sidered as modifying both motion and force.

ni. Purposes and Effects of Machines.
IV, Applied Energetics; being the theory of prime ""o^ers

and sources of power.

Chap. I. On Pcre JIech.vjxism.

21. Division ofthe Suljccl.—Proceeding in the order of simplicity,

the subject of Pure Mechanism, or Applied Kinematics may be thus

divided ;

—

Division 1.—Motion of a point.

Division 2.—Jlotion of the surface of a fluid.

Division 3.—;\Iotion of a rigid solid.

Division 4.—Motions of a pair of connected pieces, or of an

"elementary combination" in mecliiuism.

Division 5.—Motions of trains of pieces of mechanism.

Division 6.—Jlotions of sets of more than two connected pieces,

or of "aggregate combinations."

A point is the boundary of a line, which is the boundary of a

surface, which is the boundary of a volume. Points, lines, and

surfaces have no independent existence, and consequently those

divisions of this chapter which relate to their motions are only

preliminary to the subsequent divisions, wliich relate to the motions

of bodies.

Division 1. Motion of a Point.

22. Path and Direction.—See above, p. 679, § 21.

23. Uniform Velocity.— Sec p. 630, § 25.

24. Varied Velocily.—See p. 680, § 25.

25. Direct Deviation, or Acceleration and Piclardation.—See pp.

680, 681, §§ 27-29.
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26. Lateral'Deviation or Deflexion—Angular Velocity of Deria-

tiaii—Jlevolulion.—See pp. 681, 682, §§ 31-38.

^7. Comparative Motion.—Tlie comparative motion of two points

is the relation which exists between their motions, without having
regard to their absolute amounts. It consists of t»o elements,

—

the velocity ratio, which is the ratio of any two magnitudes bear-

ing to each other the propoitions of the respective velocities of the
two points at a given instant, and the directional relation, which
is the relation borne to each other by the respective directions of the
motions of the two points at the same given instant.

It is obvious that the motions of a pair of points may be varied

in any manner, whether by direct or by lateral deviation, and yet
that their comparative vtotion may remain constant, in consequence
of the deviations tuking place in the same proportions, in the same
directions, and at the same instants for botii points.

Willis has the merit of having been the lirst to simjiUfy con-
siderably the theory of pure mechanism, by pointing out that that
branch of mechanics relates wholly to comparative motions.

The comparative motion of two points at a given instant is

capable of being completely repressed by one of Sir William
Hamilton's Quaternions,—the "tensor" expressing the velocity

ratio, and the "versor" the directional relation.

28. Resolution and Composition of Motion.—See p. 681, §§ 30, 31.

29. Jiictangular Projection, jiesotiition, and Composition.—
Seep. 681, §31.

30. Sesolution and Composition of Deviations.—See p. 681, § 31.

Dii-ision 2. Motion of the Surface of a Fluid Mass.

31. General Principle.—A mass of fluid is used in mechanism to

transmit motion and force between two or more movable portions

(called pistons or plungers) of the solid envelope or vessel in which
the lluid is contained ; and, when such transmission is the sole

action, or the ouly appreciable action of the fluid mass, its volume
is either absolutely constant, by reason of its temperature and
pressure being maintained constant, or not sensibly varied.

Let a represent the area of the section of a piston made by a plane
T^rpendicular to its direction of motion, and v its vclocit}-, which
13 to be considered as positive when outward, and negative when
inward. Then the variation of the cubic contents of the vessel

in a unit of time by reason of the motion of one piston is va.

The condition that the volume of the fluid mass shall remain
unchanged recjuires that there shall be more than one piston, and
ttmt the velocities and areas of the pistons shall be connected by the
equation

—

2. ra-0 (1).

32. Comparative Motion of two Pistons.—If there be but two
pistons, whose areas are a, and a,, and their velocities Vj and Uj,

their coDioarative motion is expressed by the equation—

!j__?l
<2);

that IS to say, their velocities are opposite as to iswarduesa and out-
wardness, and inversely proportional to their areas.

33. Applications—Hydraulic Press—Pneumatic Power-Trans-
mitter.—in the hydrauUc press the vessel consists of two cylinders,

viz., the pump-b.irrel and the press-barrel, each having its piston,

and of a passage connecting them having a valve opeuing towards
the press-barreL The action of the enclosed water in transmitting
motion takes pi iCe during the inward stroke of the i>ump-pliinger,
when the above-mentioned valve is open ; and at that time the
prcss-plungiT moves outwards with a velocity which is less thin the
inward velocity of the pump-plunger, in the same ratio that
the area of the pump-plunger is less than the area of the press-

plunger. (See Hydkomkciianics.)
In the pneumatic power-transmitter the motion ot one piston is

tnnsmitted to another at a distance by means of a mass of air con-
tained in two cylinders and an intervening tube. When the pres-
sure tnd temperature of the air can be maintained constant, this
Tnacliine fulfils equation 2, like the hydraulic press. The amount
and elfect of tne variations of pressure and temperature undergone
by the air depend on the principles of the mechanical action oi

heat, or Thermodynamics (j.i'. ). and are foreign to the subject of
pure niechauism.

Division 3. Motion of a Rigid Solid,

3). Motions Classed.— In problems of mechanism, each solid

piece of the machine is supposed to be so stiff and strong as not to

undergo any sensible change of figure or dimensions by the forces

applied to it,—a supposition which is realized iu practice if the
machine is skilfully designed.

This being the case, the various possible motioiu nf a rigid solid

kodv may all be classed under the following heads:—(1) Shifting
or Translation; (2) Turning or Rotation

; (3) Motions compounded
of Shifting and Turning.
The most common forms for the paths of the points of. a piece of

mechanism, whose motion is simple shifting, are the straight line

and the circle
^

ir>-27

Shifting in a straight line is regulated either by straight 6sea
guides, in contact with which the moving piece slides, or by com-
binations of liuk-work, called parallel motions, which will be
described in the sequel. Shifting in a straight line is usually
reciprocating ; that is to say, the piece, after shifting through a
certain distance, returns to its original position by reversing its

motion. n

Circular shifting is regulated by attaching two or more points
of the shifting piece to ends of equal and parallel tvlatisg cranks,
or by combinations of wheel-work to be afterwards described. As
an example of circular shifting may be cited the motion of the
coupling rod, by which the parallel and equal cranks upon two or
more axles of a locomotive engine are connected and made to rotate

simultaneously. The coupling rod remains always parallel to itself,

and all its points describe equal and s-iniilar circles relatively to the
frame of the engine, and move in parallel directions with eoual
velocities at the same ins^iint.

35. Rotation about a Fixed Axis—Lever, Wheel, and Axle.—TUe
fixed axis of a turning body is a line fixed relatively to the body
and relatively to the fixed space in which the body turns. In
mechanism it is usually the central line either of a rotating shaft
or axle having journals, gudgeons, or pivots turning in fixed bear-
ings, or of a fixed spindle or dead centre round which a rotating
bush turns ; but it may sometimes be entirely beyond the limits of

the turning body. For example, if a sliding piece moves in circular

fi.xed guides, that piece rotates about an ideal fixed axis traversing
the centre of those guides.

Let the angular velocity of the rotation be denoted by a— -j-
,

then the linear velocity of any point A at the distance ) from the
axis is or ; and the path of that point is a circle of the radius r
described about the axis.

Tliis is the principle of the modification of motion by the lever,

which consists of a rigid body turning about a fixed axis called a
fulcrum, and having two points at the same or different distances
from that axis, and in the same or different directions, one of which
receives motion and the other transmits motion, modified in direction
and velocity according to the above law.

In the wheel and axle, motion is received and transmitted by
two cylindrical surfaces of different radii described about their
common fixed axis of turning, their velocity-ratio beincr that o(

their radii.

36. Velocity Ratio of Components of Motion.—As the distance
between any two points in a rigid body is invariable, the projections
of their velocities upon the line join-

ing them must be equal. Hence it

follows that, if A in tig. 4 be a point

in a rigid body CD, rotating round
the fixed ajcis F, the component of

the velocity of A in any direction

AP parallel to the plane of rotation

is equal to the total velocity of the

point •»!, found by letting: fall Fin.

perpendicular to AP ; that is to say,

is eaual to t;<

a. bv:.

Hence also the ratio of the com-
ponents of the velocities of two
l>oints A and B in the directions AP and BW respectively, both in
the plane of rotation, is equal to the ratio of the perpendiculars Fm
and Fn.

37. Instantaneous Axis of a Cylinder rolling on a Cylinder.—Let
a cylinder bbb, whose axis of figure is B and angular velocity -y, roll

on a fixed cylinder aaa, whose axis of figure is A, either outside (as

in fig. 6), when the rolling will be towards the same hand as tJi»

Fig. 6.

rouiion, or inside /as in fig. 8), when the rolling will be towards
the opposite handbl and at a given instant let T be the line of con-
tact of the two cj^indrical surfaces, which is at their common inter-
section with the plane A I! traversing the two axes of figure.
The line T on the surface bbb has for the instant no velocity iu
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J^^irectiou perpendicular to AB ; because for the instant it touches,

witliout sliding, the liue T on the fised surface aaa.

The line T ou the surface bhb has also for the instant no velocity

tn the plane AB ; for it has just ceased to move towards the fixed

surface aaa, and is just about to begin to move away from that

surface.

The line of contact T, therefore, on the surface of the cylisder

M6, is for the iristant at rest, and is the " instantaneous axis

"

about which the cylinder bbb turns, together with any body rigidly

attached to that cylinder.

To find, then, the direction and velocity at the given instant of

any point P, either in or rigidly attached to the rolIiDg cylinder T,

draw the plane PT ; the direction of motion of P will be perpendi-

cular to tnat plane, and towards the right or left hand according
to the direction of the rotation of bbb and the velocity of P
will be

»-7-rT C3).

PT denoting the perpendicular distance of P from T The path oi

P is a curve of the kind called epilrochoids. If P is in the circum-
ference of bbb, that path becomes an epicycloid.

The velocity of any poiot iu the axis of figure B is

!-.= 7-TB 4);

and the path of such a point is a circle described about A with the
radius AB, being for outside rolling the sum, and for inside rolling

the difi'erence, of the radii of the cylindei-s.

Let a denote the angular velocity with which the plane of axes
AR rot«t<t about ths fixed axis A.

' Then it is evident that

and consequently that = 7
TB
AB

AB (6),

(6).

For internal rolling, as in Eg. 6, AB is to be ti«at8d aa negative,
which will give a negative valae to a. Indicating that in this case
the rotation of AB round A is contrary to that of the cylinder bbb.

The angular velocity of the rolling cylinder, relatively to the
plane of axes AB, is obviously given by the equation

—

i3 = 7

whence j9-7
taI
AB)

(7);

care being taken to attend to the sign of a, so that when that is
negative the arithmetical values of 7 and a are to be added in order
to give that of 3.

The whole of the foregoing reasonings are applicable, aot merely
when aoA and bbb are actnal cylinders, but also when they are the
osculating cylinders of a pair of cylindroidal surfaces of varj'ing
curvature, A and B being the axes of curvature of the parts of those
surfaces which are in contact for the instant under consideration.

38. Composition and Resolution 0/ Rotations about Parallel Axes.—See above, p. 691, § 73.

39. Instantaneous Axis of a Cone rolling on a Cone.—Let Oaa
(fig. 7) be a fixed cone, OA its axis, 066 a cone rolling on it, 03
the axis of the roll-

ing cone, . OT the
line of contact of

the two cones atthe
instant under con-
sideration. By rea-

soning similar to
that of sect 37, it

appears that OT is

the instantaneous
axis of rotation of
the rolling cone.

Let 7 denote the total angular velocity of the rotation of the
cone B about the instantaneous axis, 6 its angular velocity about
the axis OB relatively to the plane AOB, and a the angular velocity
with which the plane AOB turns round the axis OA. It is required
to find the ratios of those angular velocities,

Soluiion.—lu OT take any point E, from which draw EC parallel
to OA, and ED parallel to OB, 90 as to construct the wiaUeloeram
OCED. Then

*

OD : OC : OE
j

...

Or because of the proportionality of the sides of triangles to the
sines of the opposite angles.
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42. To~find the }[olio» of a Rigid Body from llie MolioM oj

Three Points in it.—See p. 690, § 71, and p. 692, § 78.

Division 4. Elementary Comhineilions in }fechanism.

43. Definitions.—An elementary combination in mechanism con-

•L'ts of two pieces whose kinds of motion are determined by their

connexion Avitli the frame, and their comparative motion by their

connexion with each other,—that connexion being etfccted eitlier

by direct contact of the pieces, or by a connecting piece, which is

nut connected with the frame, and whose motion depends entirely

on til* motions of the pieces which it connects.

The jiiece whose motion is the ciusc is called the driicr; the

piece whose motion is the effect, Xhe folloicer.

The connexion of e.ich of those two pieces with the frame is in

eeueral sncli as to determine the path of every point in it. In the

iiivestiKation, therefore, of the comparative motion of the driver

and follower, iu an elementary combination, it is unnecessary to

consider relations of angular direction, which are already fixed by

the connexion ol each piece with the frame ; so that the inquiry is

ronlined to the determination of the velocity ratio, and of the

directional relatiou, so far only as it expresses the connexion

between forward and baefcicard movements of the driver and
follower. When a continuous motion of the driver produces a con-

tinuous motion of the follower, forward or backward, and a recipro-

cating motion a motion reciprocating at the same instant, the

directional rel»tion is said to he eonstanl. When a continuous

motion produces a reciprocating motion, ^or riee rcrsn, or when a

reciprocating motion produces a motion not reciprocating at the

«»me instant, the directional relation is said to be rariable.

The line of etetion or of connexion of the driver and follower is a

line travei'sing a pair of points in the driver and follower respectively,

which are so connected that the component of their velocity re-

latively to each other, resolved along the line of connexion, is null.

There may be several or an indefinite number of lines of connexion,

or there may be but one ; and a line of connexion may connect

either the same pair of points or a succession of different pairs.

44. General Principle.— Tiom the definition of a line of connexion
it follows that the components of the velocities of a pair of Connected

points along lluir line of connexion arc equal. And from this, and
from the property of a rigid body, already stated in sect. 36, it

follows, that the components along- a line of connexion of all the

points traversed by that line, rvhether in the driver or in the follower,
are equal ; and consequently, that the velocities of any pair ofpoints
traversed by a line of ecmnexion are to each other inversely as the

cosines, or directly as the secants, of the angles made by the paths of
those points with the line of connexion.

The general principle stated above in different forms serves to

solve every problem in which—the mode of connexion of a pair of

pieces being given—it is required to find their comparative motion
at a given instant, or vice versa.

45. Application to a Pair of Shifting Pieces.—In
PjP, be the line of connexion of a pair of pieces, each of

a motion of translation or shift-

fig. B, let

which has

inp. Through any point T in

that line draw TV^, TV,, re-

spectively parallel to the simul-

taneous direction of motion of

the pieces ; through any other

point A in the line of connexion
draw a plane perpendicular to

that line, cutting TV,, TV, in

V|, V, ; then, velocity of piece 1 :

velocity of piece 2 ; :"TV, : TVj.
Also TA represents the equal

components of the velocities of the pieces parallel to their line of
connexion, and the line V,V, repreaonta tneir velocity relatively

to each other.

46. Application tn a Pair of Turning Pieces.—Let o,, o^ be the
angular velocities of a pair of turning pieces ; e,, C, the angles
which theirjine of connexion makes with their respective planes of

.

rotation ; r°, r, the common perpendiculars let fall from the line i

of connexion u|Kin the respective axes of rotation of the pieces,
i

Then the equal components, along the line of connexion, of the I

velocities of "the points where those perpendiculars meet that line

are—
o,r,cos9, — ajr,cos9, ;

conse(]uently, the comparative motion of the pieces is given by the
equation

o, r.cosfl,
"'

47. AppMcatxon to a Shifting Piece and a Turning Piece.—Let a

dhiftiug piece be connected with a turning piece, and at a given

Jnatant let a, he the angular velocity of the tnmine piece, r, the

common peri^endicular of its axis of rotation and the lino of con-

nexion, 0, the angle made by the lino of connexion with tho plane

of rotation, 0, the angle made by tlic hue of connexion with the

direction of motion'of the shifting piece, v, the Titteo Telocity o
that piece. Then

a,r, cos 8, -r, cos 9, - (16)

which equation expresses the comparative motion of the two pleqcs.

, 48. Clnssifcalion of Elementary Combiiiations in Mcchanint.—
The fii-st systematic classification of elementary combinations in
mechanism was that founded by Monge, and luUy developed by
Lanz and Betancourt, which has been Generally received, and has
been adopted in most treatises on applied mechanics. \ But that
classiticiilion is founded on the absolute instead of the comijarative
motions of the pieces, and is, for that reason, defective, as Willis has
pointed out in his admirable treatise On the Principles of Mechanism.

Willis's classilicatioii is founded, in the first place, on comparative
motion, as expressed by velocity ratio and directional relation, and
in the second jilace, on the mode of conuexiou of the driver and
follower. He <livides the elementary combinations in mechanism
into three classes, of which the characters are as follows :

—

Class A: Directional relation constant; velocity ratio constant.
Class B : Directional relation constant ; velocitj' ratio varpng.
Class C : Directional relation changing periodically ; velocity

ratio constant or varying.

Each of those classes is subdivided by TViUis into five divisions,
of which the characters are as follows:

—

Division A: Conuexiou by rolling contact.

, B: ,, „ sliding contact.

„ C : „ „ wrapping connectors.

,, D: „ ,, link-work.

„ E: „ „ reduplication.

In the present article the principle of Willis's classification ii

followed ; but the aiTangement is modified by taking the mode of
coimexion as the basis of the primary classification, and by removing
the subject of connexion by reduplication to the section of aggregate
combinations. This modified jiirangement is adopted as being
better suited than the original arrangement to the limits of an
article in an encyclopedia ; but it is not disputed that the original

arrangement may be the best for a separate treatise.

49. Polling Contact—Smooth Wheels and Packs.—In order that
two pieces may move in rolling contact, it is necessary that each
pair of points in the two pieces which touch each other should at

the instant of contact be moving in the same direction with the
same velocity. In the case o( tno shifting pieces this would involve
equal and parallel velocities for all the points of each piece, so that

there could be no rolling, and, iu fact, the two pieces would move
like one ; hence, in the case of rolling contact, either one or both
of the pieces must rotate.

The direction of motion of a jioint in a turning piece being per-

pendicular to a plane passing thropgh its axis, the condition that

each pair of ponits in contact with each other must move in the
same direction leads to the following consequences :

—

I. That, when both pieces rotate, their axes, and all their points

of contact, lie in the same plane.

II. That, when one piece rotates and the other shifts, the axis of

the rotating piece, and all the points of contact, lie in a plane per-

pendicular to the direction of motion of the shifting piece.

The condition that the velocity of each pair of points of contact

•must be equal leads to the following consequences :

—

III. That the angular velocities of a pair of turning pieces in

rolling contact must be inversely as the perpendicular distances of

any pair of points of contact from the respective axes.

I\ . That the linear velocity of a shifting piece in rolling contact

with a turning piece is equal to the product of the angular velocity

of the turning piece by the perpeudicglar distance from iU axis to

a pair of points of contact.

The line of contact is that line in which the points of contact are

all situated. Fe^iiecting this line, the above principles III. and
IV. lead to the following conclusions :

—

V. That for a pair of timing pieces with parallel aies, and for

a turning piece and a shifting piece, the line of contact is straight,

and parallel to tho axes or axis ; and hence that the rolling sur-

faces are either plane or cylindrical (the term "cylindrical" includ-

ing all surfaces generated by the motion of a straight line parallel to

itself).

VI. That for a pair of turning pieces with intersecting axes the

line of contact is also straight, and Uaveises the point of intersec-

tion of the axes ; and hence that the rolling surfaces are conical, with

a common apex (the term "conical" including all snrftces gene-

rated by the motion of a sttuight lino which tra\erses a fixed pointV

Turning pieces in rolling contact are called tnu>otk or ticthless

rchielt. Shifting pieces in rolling contact with turning pieces mav
be called smooth or toothless radb.

VII. In a pair of pieces in rolling contact every etnight lin»

traversing the line of contact is a line of connexion.

60. Cylindrical H'heels and Smooth Jicult.—In designing cylin-

drical wheels and smooth racks, and determining their comparative

motion, it is sufficient to ronsider a section of the pair of piece*

made bjr a plane perpendicular to the axis or i
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' The points where axes intersect the plnne of section are called

eeiitru ; the point where the line of contart intersects it, the point

of contact, or jntch-point ; and the wheels are described as circular,

elliptical, &c. , according to the forms of their sections made by that

]ilanc.

AVhen the point of contact of two wheels lies between their

centres, they are said to be in outside gearittg ; when beyond their

centres, in inside gearing, because the rolling surface of the larger

wheel must in this case be turned inward or towards its

centre.

From Principle III. of sect. 49 it appears that the angular
Te'ocity-ratio of a pair of wheels is the inverse ratio of the distances

of the point of. contact from the centres respec-

tively.

For outside gearing that ratio is iiegative,

because the wheels turn contrary ways ; for

inside gearing it is positive, because they turn
the same way.

If the velocity ratio is to be constant, as in

Willis's Class A, the wheels must be circular;

and this is the most common form for wheels. '

If the velocity ratio is to be variable, as in

AVillis's Class B, the figures of the wheels are a
pair of rolling curves, subject to the condition
that the distance between their poles (which are

the centres of rotation) shall be constant
The following is the geometrical relation

which must exist between such a pair of curves.

See fig. 10.

Let C„ Cj bo the poles of a pair of rolling ^'8- 1"

curves; T,, T, any pair of points of contact ; U„ U, any other
pair of points of contact. Then, for every possible pair of points

of contact, the two following equations must be simultaneously
folfiUed:—

Sum of radii, CiU, + C„Uj - C,T, + CjTj - constant

;

arc, T,Us-TiU, (17).

A condition equivalent to the above, and nece.'sarily connected
with it, is, that at each pair of points of contact the inclinations of

the carves to their radii-vectores shall bo equal and contrary ; or,

denoting by rj, r^ the radii-vectores at any given pair of points of

contact, and « the length of the equal arcs measured from a certain

fixed pair of points of contact

—

dr, dr,

ds ds ' ' '

which is the differential equation of a pair of rolling curves whose
poles are at a constant distance apart.

For full details as to rolling curves, sea 'Willis's wijrk, already

mentioned, and Clerk Maxwell's paper on Rolling Curves in tho

Transactions of the Royal Society of Edinhurgh, 1849.

A rack, to work with a circular wheel, must be straight. To work
with a wheel of any other figure, its section must be a rolling curve,

subject to the condition that the perpendicular distance fiom'the

pole or centre of the wheel to a straight line parallel to the direction

of the motion of the rack shaU be constant. Let rfbe the radius-

rector of a point of contact on the wheel, x, tlie ordinate from the

etraight line before mentioned to the corresponding point of contact

on the rack. Then
irj di\

ds ds ' ' '

118);

(19)

is the differential equation of the pair of rolling curves.

To illustrate this subject, if may be mentioned that an ellipse

rotating about one focus rolls completely round in outside gearing

with an equal and similar ellipse also rotating about one focus, the

distance between the axes of rotation being equal to the major axis

1 4- eccentricity
of the ellipses, and the velocity ratio varying from

j _ eccentricity

1 - eccentricity

Fig. 11.

whose axes they are taken. Complete the parallelocram OAjEAj
the diagonal OET will be the line of contact required.

When the velocity ratio is variable, the line of contact will shift

its position in the plane CiOCj, and the wheels will be cones, with
eccentric or irregular bases. In every

case which occurs in practice, how-
ever, the Telocity ratio is constant

;

the line of contact is constant in

position, and the rolling surfaces of

the wheels are regular circular cones
(when they are called bercl u-hcels);

or one of a pair of wheels may have
a flat disk for its rolling surface, as
W, in fig. 12, in which case it is a
disk wheel. 'I'he rolling surfaces of

actual wheels consist of frusta or

iones of the complete cones or disks,

as shown by W„ Wj in figs. 11 and

I

12.

62. Sliding Contact {lateral): Sketr-

.Bevel Wheels.—An hyperboloid of revolution is a surface resembling
a sheaf or a dice box, generated by the rotation of a straight line

round an axis from which
it is at a constant distance,

and to which it is inclined

at a constant angle. If two
such hyperboloids, equal
or unequal, be placed in

the closest possible contact,

as in fig. 13, they will touch
each other along one of

the generating straight „.

lines of each, which will E- ^''

form their line of contact, and \Till be inclined to the axes AG,
BH in opposite direcrions. The axes will not be parallel, nor will

they intersect each other.

The motion of two such hyper-

boloids, turning in contact with each

other, has hitherto been classed

amongst cases of rolling contact

;

but that classification is not sjrictly

correct, for, although the component
velocities of a pair of points of con-

tact in a direction at right angles to

the line of contact are equal, still,

as the axes are neither parallel to

each other nor to the line of contact, the velocities of a pair of

points of contact have components along the line of contact which

are unequal, and their difference constitutes a lateral sliding.

Tho directions and positions of the axes being given, and the re-

quired angular velocity ratio, the following construction serves to

determine the line of contact, by whose rotation round the two axes

respectively the hvperboloids are generated :

—

lu fiw. 14, let BiCj, BjCj be the two axes ; B,B, their common
perpendicular. Through any point

in this common perpendicular

draw OAi parallel to ofi, and OA,
parallel to BjC, ; make those lines

proportional to the aogolar veloci-

ties about the axes to which they

are respectively parallel ; complete

the parallelogram OA,EA,, and

draw the diagonal OE ; divide

BiB, in D into two parts, inversely

proportional to the angular veloci-

ties about the axes which they re-

spectively adjoin ; through D paral-

lel to OE draw DT. This wiU be

the line of contact.

an hyperbola rotating about its further focus
1 + eccentricity

rolls in inside gearing,

•imilar hyperbola rotating about its nearer focus, the distance

between the axes of rotarion being equal to the axis of the hyper-

bolas, and the velocity ratio varying between ^. ./—j andJ ' ° eccentricity—

I

unity ; and a parabola rotating about its focus rolls with an equal

and similar parabola, shifting parallel to its directrix.

,^1. Conical or Bevel and Disk TFTu-eh.-^Yrom Principles III.

and VI. of sect 49 it appears that the angular velocities of a pair

of wheels whose axes meet in a point are to each other inversely as

the sines of the angles which the axes of the wheels make with the

line of contact Hence follows the following construction (figs. 11

and 12).—Let be the apex or point of meeting of the two axes

OC,, OC,. The angular velocity ratio being given, it is required to

find the line of contact On OCj, OC, take lengths OA,, OA,, re-

mectlvely proportional to the aujruln'- velocities of the pieces on

Fig. 14.

intersecting, and are called

A pair of thin fru.«ta of a pair of

hyperboloids are used in practice

through a limited arc, with an equal and 1 to communicate motion between a

™ ov„„t ;tc nearer focus, the distance pair of axes neither parallel nor

skew-bevel wheels. . ,. r

In skew bevel wheels the properties of a line of connexion are

not possessed by every Une traversing the line of contact, but only

by every line traversing the line of contact at right angles.

If the velocity ratio to be communicated were variable, the point

D would alter its position, and the line DT its direction at different

periods of the motion, and the wheMs would be hyperboloids of an

eccentric or irregular cross-section ; but forms of this kind are not

used in practice. . rr-t r

53. Sliding Contact (.circular) : Grooved Wheels.^ _ As the ad-

BesiOTorfriction between a'pair of smooth wheels is seldom sufficient

to prevent their slipping on each other, contrivances are used to

increase their mutual hold. One of those con.sist3 m fonnmg the

nm oE each wheel into a series of alternate ndgea and grooves



APPLIED MECnAMCS.] MECHANICS 759

parallel to the plaue of rotation ; it is applicable to cylindrical and
bevel wheels, but not to skew-bevel wheels. The comparative

motion of a pair of wheels so liJged and grooved is the same with

that of a pair of smooth wheels in rolling contact, whose cj'lin Jrical

or conical surfaces lie midway between the tcTps of the ridges and
bottonjs of the grooves, and those ideal smooth surfaces are called

the pitch surfaca of the wheels.

The relative motion of the faces of contact of the ridges and

grooves is a rotatory sliding or grinding motion, about the line of

contact of the pitch-surfaces as an instantaneous axis.

Grooved wheels have hitherto been but little used.

54. Sliding Contact (direct) : Teeth of Wheels, their A'wnbcr and
Pitch.—The ordinary method of connecting a pair of wheels, or a

wheel and a rack, and the only method which insures the exact

maintenance of a given numerical velocity ratio, is by means of a

series of alternate ridges and hollows parallel or nearly parallel to

the successive lines of contact of the ideal smooth wheels whose

Telocity ratio would be the same with that of the toothed wheels.

rho ridges are called Iceth ; the hollows, spaces. The teeth of the

iriver push those of the follower before them, and in so doing

sliding takes plac« between them in a direction across their lines

of contact. •

The pitch-sitrfares of a pair of toothed wheels are the ideal smooth

Burfaces which would have the same comparative motion by rolling

contact that the actual whet's have by the sliding contact of their

hjeth. The pitch-circles of a pair of circular toothed wheels are

sections of their pitch-surfaces, made for spur-wheels (that is, for

wheels whose axes are parallel) by a plane at right angles to the axes,

and for bevel wheels by a sphere described about the common apex.

For a pair of skew-bevel wheels the pitch-circles are a pair of con-

tiguous rectangular seciions of the pitch-surfaces. Iha pitch-point

is the point of contact of the pitch-circles.

The pitch-surface of a wheel lies intermediate between the points

of the teeth and the bottoms of the hollows between them. That

part of the acting surface of a tooth which projects beyor " the pitch-

surface is called the /ace ; that part which lies within the pitch-

lurface, \\\a flank.

Teeth, when not otherwise specified, are understood to be made

In one piece with the whei-1,—the material being generally cast-iron,

brass, or bronze. Separate teeth, fixed into mortises in the rim of

the wheel, are called eogs. A pinion is a small toothed wheel ; a

(rundlt is a pinion with cylindrical staves for teeth.

The l-adius of the pitch-circle of a wheel is called the geometrical

radius ; a circle touching the ends of the teeth is called the adden-

dum circle, and its radius the real radius ; the difference between

these radii, being the projection of the teeth beyond the pitch-surface,

is called the addendum.
The distance, measured along the pitch-circle, from the face of

one tooth to the face of the next, is called the pilch. The pitch

•nd the number of teeth in wheels are regulated by tlie following

principles :

—

I. Jn wheels which rotate continuously for one revolution or

more, it is obriously necessary that the pitch should be an aliquot

fart cf the circumference.

In wheels which reciprocate without performing a complete

revolution this condition is not necessary. Such wheels are called

lectors.

II. In order that a pair of wheels, or a wheel and a rack, may
work correctly together, it is in all cases essential that the pitch

thould be the sa>nt in each.

III. Hence, in any pair of circular wheels *hich work together,

the numbers of teeth m a complete circumference are directly as
the radii and inversely as the angular velocities.

IV. Hence also; In any pair of circular wheels which rotate con-

tinuously for one revolution or more, the ratio of the numbers of

teeth and its reciprocal the angular Telocity ratio must bo ex-

pressible in whole numbers.
From this principle arise problems of a tind which will be

referrid to in treating of Trains of Mechanism.
V. Let n, N bo the respective numbers of teeth in a pair of

wheels, N being the greater. Let ^ T bo a pair of teeth in the
smaller and larger wheel respectively, which at a particular instant
work together. It is required to find, first, how many pairs of
teeth must ptiss tlio line of contact of the pitch-surfaces before <and
T work together again (let this number be called a) ; and, secondly,
with ho^w many different teeth of the larger wheel the tooth t will
work at different times (let this number be called h)\ thirdly,
with how many different teeth of the smaller wheel the tooth T
will work at different times (let this be called c).

Case 1. If n ix a divisor of N,

N; b
N

c-1 (20).

Case 2. If the greatest common divisor of N snd n be rf, «

number less than ?i, so that n - md, N - Mrf ; then

Case 3 If N and n be prime to each other,

a-nN ; 6 = N ; c-n (22)

It is considered desirable by millwrights, witli a view to the pro-

servation of the uniformity of shape of the teeth of a pair of wheeb,
that each given tooth in one wheel should work with ai mimy
different teeth in the other wheel as possible. They therefore study

that the numbers of teeth in each pair of wheels which work
together shall either be prime to each other, or shall have then

greatest common divisor as smalj as is consistent with a velocity

ratio suited for the purposes of the_ machine.

65. Sliding Contact—Forms of the Teeth of Spir-wheels aild

Racks.—A line of connexion of tuo pieces in sliding ooutaci is %
lino perpendicular to their sur-

faces at a point where the?
touch. Bearing this in mind,
the principle of the com-
parative motion of a pair ol

teeth belonging to a pair of

spui-wheels, or to asimr-wheil

and a rack, is found by^PPlV'
ing the principles stated gene-

rally in.secta. M ud 47 to the

case of parallel axes for a pair

of spur-wheels, and to the case

of an axis perpeijdicular to the

direction of shifting for a

wheel and a rack.

In tig. 15, let C„ C, be the

centres of a pair of spur-

wheels; B,IB',, IJjlB'j portions

of their pitch-circles, touch-

ing at I, the pitch-jioiiit. Let

the wheel 1 be the driver, and
the wheel 2 the follower. _ ,^^

Let D,TB,A„ DjTBjA, be the positions, at a given instanT^'ot

the acting surfaces of a pair of teeth in the driver asd fcllower

respectively, touching each other at T ; the line of connexion of

those teeth is PjPj, perpendicular to their surfaces atT. LetC,P„'
CjP, be perpendiculars let fall from t,>e centre's of the wheels oa
the line of contact Then, by sect. 4^6, the angular velocityi

ratio is

^_CiP,
C,P.

(23).

o-mN — Mn-Mmrf ; 6 — M : r- (21 y

The following princinles regulate the forms of the teeth and their

relative motions :

—

•

I. The angular velocity ratio duo to the sliding contact of the

teeth will be the same with that due to the rolling contact of the

pitch-circles, if the line of connexion of the teeth cuts the line of

centres at the pitch-point

For, let PiP, cut the line of centres at I ; then, by similar

triangles,

a,:oj::CjPj:C,P, ::IC,::IC, . . . (24);

which is also the angular velocity ratio due to the rolling contact

of the circles B, I B'l, BjlB'j.

This priuclpie determines the /onus of all teeth of spur-wheels.

It also determines the forms of the teeth of straight racks, if one

cf the centres be removed, and a straight line ElE', pairfllel to the

direction of motion of the rack and perpendicular to CIC,, be

aubstituted for a pitch-circle.

II. The conrponent of the velocity of the point of- contact of

the teeth T along the line of connexion is

a, .C,P,-C4. C,P, (25).

III. The relative velocity perpendicular to r,P, of the teeth at

their point of contact,—that is, their relocity of sliding on each

other,— is found by supposing one of the wheels, such as 1, to be

fixed, the line of centres C,C, to rotate backwards Tonr^' C, with

the niigularvelocitya,,and the wheel 2 to rotate round C, as before,

with the angular velocity o, relatively to the line of centres C,C„

so as to have the same motion as if its pitch-circle rolled on the

pitch-circle of the first wheel. Thus the relative motion of the

wheels is unchanged ; but 1 is considered as fixed, and 2 has the

total motion given by the jrinciples of sects. 37 and 38,—that is,

a rotation about the instantaneous axis 1, with the angular velocity

o, -fa,. Hence the relocilij of ."liding is that due to this rotation

about I, with the radius 11' ; that is to say, its value is

(«, + o.,) . IT (26ij

80 that !t is greater the farther the point of contact is from ths

line of centres ; and at the instant when that Iioint passes the lins

of centres, and coincides with ihi' inlch-;toinl, the velocity cf sliding

is null, and the action of the teeth is, for the instant, that of rolling

contact.

IV. The path of contact is the line traversing the various positions

of the point T. 'U the Uaeoi conneTion preserves alwsjs the aam*
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position, the path of contact coincides with it, and is straight ; in

other cases the path of contact is curved.

It is divided by the pitch-point I into two parts,—the arc or line

qf approach described oyT in approaching the line of centres, and

the arc or line of recess described by T after having passed the

Kne of centres.

During the approach, the fianlc D,Bi of the driving tooth drives

the faa D,Bj of the following tooth, and the teetli are sliding

towards each other. Daring the recess (in which the position of

the teeth is exemplified in the figure by carves marked with

accented letters), the /ace B'lA', of the driving tooth drives the

flank B'gA'j of the following tooth, and the teeth are sliding/rom
each other.

The path of contact is bounded where the approach commences
by the addendum-circle of the follower, and where the recess ter-

minates by tffe addendum-circle of the driver. The length of the

path of contact should be such that there shall always be at least

one pair of teeth in contact ; and it is better still to make it so long

that there shall always be at least two pairs of teeth in contact.

V. The obliquity of the action of the teeth is the angle BIT —
IC,P,-1C,P,.

in practice it is found desirable that the mean value of the

obi iquity of action during the contact of teeth should not exceed

IB', nor the maximum value 30°.

It is unnecessary to give separate figures and demonstrations for

inside gearing. The only modification required in the formuliE is,

that in equation 26 the differtmee of the angular velocities should

be substituted for their sum.
66. [nvolute Teeth.—The simplest form of tooth which fulfils the

conditions of sect. 55 is obtained in the following manner (see fig.

16). Let C„ Cj be the centres of two wheels, BiIB'j, BjIB'^ their

pitch-circles, I the pitch-point ; let the obliquity of action of

the teeth be constant, so that the same straight fine I'lIPj shall

ropreKBt at once the constant line of connexion of teeth and the

path of contact. Draw CjP], C,Pj perpendicular to PjIPj, and
vith those lines as radii describe about the centres of the wheels

the circles DiD'j, D.D'j, called base-circles. It is evident that the

rcdii of the base-circles bear to each other the same proportions as

the radii of the pitch-aircles, and also that

CjP,= ICi . cos obliquity )

C2P2 = IC2. cos obliquity
\

(27).

(The obliquity which is found to answer best in practice is about

]4j° ; its cosine is about f^, and its sine about \. These values,

though not absolutely exact,

are near enough to the tmth
for practical purposes.

)

Suppose th'fe base-circles to

le a pair of circular pullers

connected by means of a cord

whose course from pulley to

pnUey is PjIPs- As the line

of connexion of those pulleys

is the same, with that of the

proposed teeth, they will rotate

with the required velocity ratio.

Now, suppose a tracing point

T to be fixed to the cord, so as

to be carried along the path of

contact PjIPj, that point will

trace on a plane rotating along

with the wheel 1 part of the in-

volute of the base-circle D,D'],

and on a plane rotating along

with the wheel 2 part of the

involute of the base-circle

I>,iy, ; and the two curves so traced will always touch each other

in the required point of contact T, and will therefore fulfil the con-

dition required by Principle I. of sect 55.

Consequently, one of the forms suitable for the teeth of wheels is

the involute of a circle ; and the obliquity of the action of such

teeth is the angle whose cosine is the ratio of the radius of their

base-circle to that of the pitch-circle of the wheel.

All involute teeth of the same pitch work smoothly together.

To find the length of the path of contact on either side of the

pitch-point I, it is to be observed that the distance between the

ni)nt3 of two successive teeth, as measured along PiIPj, is less than

tiie pitch in the ratio of 'cos obliquity : 1 ; and consequently that,

jf distances equal to- the pitch be marked off either way from I

towards Pj and Pj respectively, as the extremities of the path of

contact, and if, according to Principle IV. of sect. 65, the adden-

dam-circles be described through the points so found, there will

always be at least two pairs of teeth in action at once. In practtce

it is usual to make the path of contact somewhat longer, viz. , about

2T*jth times the pitch ; and with this length of path, and the

obliquity already mentioned of 144°, the addendum is about ^tlis

of the pitch.

The teeth of a rack, to work correctly with wheels having involute
teeth, should have plane surfaces perpendicular to the line of con-
nexion, and consequently making with the direction of motion ol
the rack angles equal to the complement of the obliquity of
action.

67. Teeth for a given Path of Contact—Mr Saiig's Method.—In
the preceding section- the form of the teeth is found byassnming a
figure for the path of contact, viz., the straight line. Any other
convenient figure may be assumed for the path of contact, and tho
corresponding forms of the teeth found by determining what curves
a point T, moinng along the assumed path of contact, will trace on
two disks rotating round the centres of the wheels with angular
velocities bearing that relation to the component velocity of T along
TI, which is given by Principle II. of sect. 65, and by equation 25.

This method of finding the forms of the teeth of wheels forms the
subject of an elaborate and most interesting treatise by Mr Kdward
Sang.

All wheels having teeth of the same pitch, traced from the same
path of contact, work correctly together, and are said to belong to

the same set.

58. Teeth traced by Boiling Curves.^lt any curve R (fig. 17) be

rolled on the inside of the pitch-circle BB of a wheel, it appears,

from sect. 37, that the instantaneous axis of tho rolling curve at any
instant will be at the

point I, where it touches

the pitch-circle for the 3 Htt -b- ,b
moment, and that con-

sequently the line AT,
traced by a tracing-

point T, fixed to the

rolling curve upon the
plane of the wheel, will
tie everywhere perpen-
dicular to the straight

line TI ; so that the
traced curve AT will be Fig- 17.

suitable for the flank of a tooth, in which T is the point of contact

corresponding to the position I of the pitch-point. If the same
roUing curve K, with the same tracing-point T, be rolled on the

outside of any other pitch-circle, it w3l have the face of a tooth

suitable to work with the Jlajik AT.
In like manner, if either the same or any other rolling curve R'

be rolled the opposite way, on the outside of the pitch-circle BB, so

that the tracing point T' shall start from A, it will trace the/aw
AT of a tooth suitable to work with & flank traced by rolling the

same curve R' with the same tracing-point T' inside any other pitch

circle.

The figure of the path of contact is that traced on a fixed plane by
the tracing-point, when the rolling curve is rotated in such a manner
as always to touch a fixed straight line EIE (or E'I'E', as the case

may be) at a fixed point I (or !')•

If the same rolling curve and tracing point be used to trace both

the faces and the flanks of the teeth of a number of wheels of

diS'erent sizes but of the same pitch, all those wheels will worV

correctly together, and mil form a set. The teeth of a rack, of the

same set, are traced by rolling the rolling curve on both sides of a

straight line.

Tlie teeth of wheels of any figure, as well as of circular wheels,

may be traced by rolling curves on their pitch-surfaces ; and all

teeth of the same pitch, traced by the same rolling curve with the

same tracrng-point, will work together correctly if their pitch-sur-

faces are in rolling contact.

59. Epicycloidal Teeth.—The most convenient rolling curve is

the circle. The path of contact which it traces is identical with

itself ; and the flanks of the teeth are internal and their faces ex-

ternal epicycloids for wheels,

and both flanks and faces are

cycloids for a rack.

For a pitch-circle of twice

the radius of the rolling or

describing circle (as it is called)

the internal epicj'cloid is a

straight line, being, in fact, a

diameter of the pitch circle, so
"

that the flanks of the teeth for
.

such a pitch-circle are planes

radiating from the axis. For
a smaller pitch-circle the flanks

would bo convex and incurced

or und^r-ciit, which would be

inconvenient ; therefore the

smallest wheel of a set should

have its pitch-oircle of twice

the radius of the describing -Fig- 18.

circle, so that the flanks may be cither straight or concave

In fig. 18, let BB' be part of the pitch-circle of a wheel with epi

cycloidal teeth : CIC the line of centres : I the pitch-point • El.fi
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a straiglit tangent to the pitch-circle at that point; Rthe internal

and R' the equal external describing circles, so placed as to touch

the pitch-circle and each other at I. Let DID' be the path of con-

tact, consisting of the arc of approacli DI and the arc of recess ID'.

Id order that there may always be at liast two pairs of teeth in

action, each of those arcs should be equal to the pitch.

The obliquity of the action in passing the line of centres is no-

tliing; the maximum obliquit)' is the angle EID-E'ID: and the

mean obliquity is one-half of that angle.

It appears from experience that the mean obliquity should not

exceed 15° ; therefore the maximum obliquity should be about 30";

therefore the equal arcs DI and ID' should each be one-sixth of a

circumference ; therefore the circumference of the describing circle

should be fix times the pilch.

It folk vs that the smallest pinion of a set in which pinion the

flanks are straight should have twelve teeth.

60. yearly Epicydoidal Teeth— lyUlis's Method.—To facili-

tate the drawing of epicydoidal teeth in practice, 'Willis has

shown how to approximate to their figure by means of two circular

arcs,—one concave, for the flank, and the other convex, for the

face,—and each having for its radius the mean radius of curvature

of the epicydoidal arc. Willis'a formula; are founded on tlie fol-

lowiDg properties of epicycloids :

—

Let R be the radius of the pitch-circle ; r that of the describing

circle ; i the angle made by the normal TI to the epicycloid at a

given point T, with a tangent to the circle at I ; that is, the

obliquity of the action at T.

Then the radius of curvature of the epicycloid at T is

—

R-r \
For an internal epicycloid, p-4rsin9p——I

JJ;;''[.
. . . (28).

for an external epicycloid, p'— 4r3in9
jj—^ \

Also, to find the position of the centres of curvature relatively to the
pitchcirtile, we nave, denoting the chord of the describing circle

TI by c, c — 2rsin8 ; and therefore
p .

For the flank, p-c = 'lTs\nOr^—r- '

K - 2r
p

For the face, p'-c = 2rsin9
(29).

K-l-2r ;

For the proportions approved of by Willis, sin 9— J nearly;
r—p (the pitch) nearly ; c-Jp nearly ; and, if N be the number of

6
teeth in the wheel, p-Ts nearly

;

f-C

therefore, approximately,

N-12(
N f • • • (30).

N-(-i2;

Hence the following construction (fig. 19). Let BB be part of the
pitch-circle, and a the point where a tooth is to cross it. Set ofT
ab—ac— ^p. Draw radii bd,

ce\ draw/4, eg, making angles
of 75^° with those midii.

Hake bf-p -c, cg — p-c.
From /, with the ladius /a,
draw the circular arc oA

;

from y, with the radius (ja,

draw the circular arc ak.

Then ah is the face and at the
Hank of the tooth required.

To facilitate the application

of this rule, Willis pL ilishcd

tables o( p-c and p'-e, and invented an instrument called the
"odontograph."

61. Trundles am/ Pin- ITA^Wi.— If a wheel or trundle have cylin-
drical pins or staves for teeth, the faces of the teeth of a wheel
luitabfe for driving it ere described by first tracing external epi-
cjdolds, by rolling the pitch-circlo of the pin-wheel or trundle on
the pitch-circle of the driving-wheol, with the centre of a stave for
a tracing-point, and then drawing cur\es parallel to, and within
the epicycloids, at a distance from them equal to the radius of a
eiave. Trundles having only six staves will work with largo
wheels.

62. Baels of Teeth and Spates.—Toothed wheels being in general
intended to rotate cither woy, the backs of the teeth are made
similar to the fronts. The i]met between two teeth, meaaured on
the pitch-circlo, is made about Jth part wider than the thickness of
the tooth on tbs ;*!tch-circle ; that is to say,

TliickncM of tooth —
,"r pitch ;

Width of space — ^j pilch

.

The difference of -f^ of the pitch is called the haeJc-lash. The
clearance allowed between the points of teeth and the bottoms of
the space* between the teeth of the other wheel \» about Vjth of the
flKh.

63. Stepped and Helical Teeth.—Hooke invented the niakiDj

of the fronts of teeth in a series of steps with a view to increase the

smoothness of action. A wheel thus formed resembles in shape a

series of equal and similar toothed dislfs placed side by side, with

the teeth of each a little behind those of the preceding disk. H«
also invented, with the same object, teeth whose fionts, instead ol

being parallel to the line of contact of the pitch-circles, cross it

obliquely, so as to be of a screw-like or helical form. In wheel-

work of this kind the contact of each pair of teeth commences at the

foremost end of the helical front, and terminates at the aftermost

end ; and the helix is of such a pitch that the contact of one pair

of teeth shall not terminate until that of the ne.\t pair has com-

menced.
Stepped and helical teeth have the desired elTect of increasing

the smoothness of motion, but they require more difficult and ex-

pensive workmanship than common teeth ; and helical teeth.are,

besides, open to the objection that they exert a laterally oblique

pressure, which tends to increase resistance, and unduly strain

the machinery.
64. Tedh of Betel- fVheeJs.—The acting surfaces of the teeth of

bevel-wheels are of the conical kind, generated by the motion of a

line passing through the common apex of the pitch-cones, while itsi

extremity is carried round the outlines of the cross Ecction of the

teeth made by a sphere described about that apex.

The operations of describing the exact figures of the teeth of

bevel-wheels, whether by involutes or by rolling curves, are in

every respect analogous to those for describing tlie figures of the

teeth of spur-wheels, except that in the case of bevel-wheels all those

operations are to be performed on the surface of a sphere described

about the apex instead of on a plane, substituting /)o7t-5 for centres,

and great circles for straight lines.

In consideration of the practical difficulty, especially in the case

of large wheels, of obtaining an accurate spherical surface, and of

drawing upon it when obtained, the following approximate method,

proposed originally by Tredgold, is generally used :

—

Let (fig. 20) be the common apsx of a pair of bevel-wheels;

OBJ, OBjI their pitch cones ; 0C„ OC, their axes ; 01 their line

of contact. Perpendicular to 01 draw AjIA,, cutting the axes in

A„ Aj ; make the outer

rims of the patterns and
of the wheels portions of

the cones AjBJ, A^Bjl, of

which the narrow zones

occupied by the teeth will

bo sufficiently near to a
spherical surface described

about for practical pur-
poses. To find tlie figures

of the teeth, draw on a flat

surface circular arcs ID,,

1D», with the radii A,I,

Ajf ; those arcs will be tne

developments of arcs of the • • t> t
pitch-circles BJ, B,I, when the conical surfaces AiB,I, A,B-I are

spread out flat. Describe the figures of teeth for the developed

arcs as for a pair of spur-wheels ; then wrap the developed arcs on

tlie cones, so as to make them coincide with the pitch-cirdes, and

trace the teeth on the conical surfaces.

65. Teeth of Skcw-Eevel IVheels.—The crests of the teeth of a

skew-bevel wheel are parallel to the generating straight line of the

hyperboloidal pitch-surface ; and the transverse sections of the

teeth at a given pitch-circle are similar to those of the teeth of a

bevel-whecfwhose pitch-surface is a cone touching the hyperboloidal

surface at the given circle.

66. Tanw.—A cam is a single tooth, cither rotating continuously

or oscillating, and driving a sliding or turning piece either con-

stantly or at intervals. All the principles which have been stated

iu sect, 65 as being applicable to teeth are applicable to cams; but

iu designing cams it h not usual to determine or take into considera-

tion the form of the ideal pitch-surface, which would give the same

comparative motion by rolling contact that the cam gives by sliding

contact.

67. Scretrs.—The figure of a screw is that of a convex or concave

cylinder, with one or more helical projections, called ''"'f^'i

winding round it. Convex and concave suews are distinguished

technically by the reiqiectivo names of male and female ; a short

concave screw is called a nut ; and when a screw is spoken of with-

out qualification a convex screw is usually understood.
' The relation between the (i</ianc« and the rotation, which compose

the motion of a screw working in contact with a fixed screw or

helical guide, has already been demonstrated in sect 41 ;
and the

same relation exists between the magnitudes of the rotation of a

screw about a fixed axis and the advance of a shifting nut in which

it rotates. The advance of the nut takes ploco in the opposite

direction to that of the odvanco of tho screw in the case in whiot

the nut is fixed. The piuh or axial pilch of a screw has the mean

ing ossmed to it in that section, vii, the distance, measured
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parallel to the axis, between the corresponding points in two suc-

ceSsiye turns of the same thread. If, therefore, the screw has

several enuiilistaut threads, the true pitch is equal to the divided

axinl 2nt:li, as nieasui eJ b^tweeu two adjacent threads, multiplied

bv the number of threads.
"
If a helix be described round the screw, crossing each turn of the

thread at riglit angles, the distance between two corresponding

|)oiuts ou two successive turns of the same thread, measured along

this normal kelii, may be called the normal pitch ; and when the

screw has more than one thread the normal pitch from thread to

thread may be called the ntrrmal divided pitch.

The distance from thread to thread, measured on a circle described

atout the axis of the screw, called the pitch -circle, may be called

the circumferential pitch ; for a screw of one thread it is one circum-

one circumference
Terence ; for a screw of n threads,

Let r denote the radius of the pitch circle ;

11 the number of threads ;

e the obliquity of the threads to the pitch circle, and of the

normal helix to the axis
;

P

— -p.
n

P„

Uiea

( pitch,

( divided pitch ;

( pitch,

( divided pitch

;

P, the circumferential pitch ;

2xr
J>t'-Pa cot9-p, cosfl-—

2irT tan 8
p„~p, sece=p, tan»

the axial

the normal

(31).

Pn~Pi sine—^a cos6 —

If a screw rotates, the number of threads which pass a fixed point

in one revolution is the number of threads in the screw.

A pair of convex screws, each rotating about its axis, are used as

an elementary combination to transmit motion by the sliding con-

tact of their threads. Such screws are commonly called endless

screws. At the point of contact of the screws their threads must

be parallel ; and their line of connexion is the common perpendi-

cular to the acting surfaces of the threads at their point of contact.

Hence the following principles :

—

I. If the screws are both right-handed or hoth left-handed, the

angle between the directions of their axes is the sum of their obli-

quities ; if one is right-handed and the other left-handed, thafUngle

is the difference of their obliquities.

II. The normal pitch for a screw of one thread, and the normal

divided pitch for a screw of more than one thread, must be the

same in each screw.

III. The angular velocities of the screws are Inversely as their

numbers of threads.

Hooke's wheels with oblique or helical teeth are in fact screws

of many threads, and of large diameters as compared with their

lengtlis.
. ....

The ordinary position of a pair of endless screws is with their axes

at right angles to each other. When one iS of considerably greater

diameter than the other, the larger is commonly called in practice

a whetl, the name screw being applied to the smaller only ;
but

they are nevertheless both screws m fiact.

To make the teeth of a pair of e»dless screws fit correctly and

work smoothly, a hardened steel screw is made of the figure of the

smaller screw, with its thread or threads notched so as to form a

cutting tool ; the larger screw, or "wheel," is cast approximately

of the required figure ; the larger screw and the steel screw are fitted

up in their proper relative position, and made to rotate in contact

with each other by turning the steel screw, which cuts the threads

of the larger screw to their true figure.

68. Coupling of Parallel Axes—Oldham's Coupling.—k coupling

is a mode of connecting a pair of

shafts so that they shall rotate in

the same direction with the same

mean angular velocity. If the axes

of the shafts are in the same straight

line, the coupling consists in so con-

necting their contiguous ends that

they shall rotate as one piece ; Jjut

if the axes are not in the same

straight line combinations of me-

chanism are required. A coupling

for parallel shafts which acts by

sliding contact was invented *y
Oldham, -and is represented in fig.

21. C,, C, are the axes of the two
, ,, - . .x.

parallel ehafts ; Di, D, two disks facing each other, fixed, on the

ends of the two shafts respectively ; E,Ei a bar sliding in a

diametral groove in the face of D,; EjE, a bar sliding in a diametral

groove in the face of Dj : those bars are fixed together at A, so as

to form a rigid cross. The angular velocities of the two disks and
of the cross are all equal at every instant ; the middle point of the

cross, at A, revolves in the dotted circle described upon the line

of centres C,Cj as a diameter twice for each turn of the disks and
cross ; the instantaneous axis of rotation of the cross at any instant

is at I, the point in the circle C,Cj diametrically opposite to A.

Oldham's coupling may be used with advantage where the axes

of the shafts are intended to be as nearly in the same straight line

as is possible, but where there is some doubt as to the practicability

or permanency of their exact continuity.

69. }frapping Connectors—Belts, Cords, and Chains.—Flat belts

of leather or of gutta percha, round cords of catgut, hemp, or other

material, and metal chains are used as wrapping connectors to

transmit rotatory motion between pairs of pulleys and drums.

Belts (the most frequently used of all wrapping connectors) require

nearly cylindrical pulleys. A belt tends to move towards that part

of a pulley whose radius is greatest
;
pulleys for belts, therefore,

are slightly swelled in the middle, in order that the belt may
remain on a pulley, unless forcibly shifted. A belt when in motion

is shifted off a pulley, or from one pulley on to another of equal

size alongside of it, by pressing against that part of the belt which

is moving towards the pulley.

Cords require either cylindrical drums with ledges or grooved

pulleys.

Chains require pulleys or drums, grooved, notched, and toothed,

so as to fit tie linlcs of tie chain.

Wrapping connectors for communicating continuous m6tion are

endless.

Wrapping connectors for communicating reciprocating motion

have usually their ends made fast to the pulleys or drums Which

they connect, and which in this case may be sectors.

The line of connexion of *wo pieces connected by a wrapping

connector is the centre line of the belt, cord, or chain ; and the

comparative motions of the pieces are determined by the principles

of sect 46 if both pieces turn, and of sect. 47 if one turns and

the other shifts, in which latter case the motion must be recipro-

cating.

The pilch-line of a pulley or drum is a curve to which the line of

connexion is always a tangent ; that is to say, it is a curva parallel

to the acting surface of the pulley or drum, and distant from it by

hali the thickness of the wrapping connector.

Pnlleys and drums for communicating; a constant velocity ratio

are circular. The elective radius, or radius of the pitch-circle of a

circular pulley or drum, is equal

to the real radius added to half

the thickness of the connector.

The angular velocities of a pair

of connected circular pulleys or

drums are inversely is the effec-

tive radii.

A crossed belt, as in fig. 22, A,

reverses the direction of the rota-

tion communicated; an uncrossed

belt, as in fig. 22, 3, preserves

that direction.

The length L of an endless belt

coimecting a pair of pulleys whose

effective radii are r,, r,, with

parallel axes whose distance apart

is 0, is given by the following

formulfe, in each of which the first term, containing the radical,

expresses the length of the straight parts of the belt, and tho

remainder of the formula the length of the curved parts.

For a crossed belt,

—

L-2V<^-('-, + r,)»-Kr,-fr,)^ir-2Bin-''J^»j (92, A)j

Fig. 22.

and for an uncrossed belt,

—

L-2V{<^-('-i-'-ii)'} +»('•. + '>) + 2('-i-'-.)
8^''^^' ('2,B);

in whish r, is the greater radius, and r, the; less.

When t^e axes of a pair of pnlleys are not paraUel, the puUeys

should be so placed that the part of the belt which is approaching

each pulley shall be in the plane of the pulley.

70 Speed-Cones (see fig. 23).-A pair of speed-cones is a con-

trivance for varying and adjusting the velocity ratio communicaUd

between a pair of paraUel shafts by means of a belt. The speed-

cones are either continuous cones or conoids, as A, B, whose velocity

ratio can be varied graduaUy whUe they are in motion by shifting

the belt, or sets of puUeys whose radii vary by steps^ as C D, i°

which cie the velocity ratio can be changed by shifting the belt

from one pair of pulleys to another.
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Jn order that the belt may fit accurately in every pos«ibIe position

on a pair of speed-cones, the quantity L must be constant, in

equations 32, A, or 32, J3,

nccoriliug as the belt is

crossed or uncrossed.

For & crossed belt, 83 in

A and C, tig. 23, L depends
solely on e and on r, + rj.

Now c is constant because

the axes are parallel ; there-

fore the mm of the radii of

the pitch-circies connected
io every position of the belt

is to be constant. That
condition is fulfilled by a

pair of continuous cones

generated by the revolu-

tion of two straight lines

inclined opposite ways to

their respective axes at eqnal
•Btfles. FiS- 29..

For an uncrossed belt, the qnantily L in equation 32, B is to be
made constant. The exact fulfilment of this condition requires the
solution of a transcendental equation ; but it may be fulfilled with
accuracy sufficient for practical purposes by using, instead of 32, B,
the following approxir%aU equation ;

—

Lnca^ly-2*+»^^,+r,)^ !''— ='
. . . (33).

The following is the most convenient practical rule for the appli-

cation of this equation :

—

Let the speed-cones be equal and similar conoids, as in B, fig,

23, but with their large and small ends turned opposite ways. Let
r, be the radius of the large end of each, r, that of the small end,

r^ that of the middle ; and let v be the saqitta, measured perpendi-

cular to the axes, of the arc by whose revolution each of the conoids

is ganerated, or, in other words, the bulging of the conoids in the
piddle of their length. Then

* » 2 2tc
^^''•

2ir-6-2832 ; but' 6 may be used ia most practical cases without
lensible error.

The radii at the middle and end being thus determined, make
the generating curve an arc either of a circle or of a parabola.

71. Linkvjork in General.—The piecea which are connected by
linkwork, if they rotate or oscillate, are usually called cronis, beams,
»nd levers. The link by which tliey are connected ia a rigid rod or
bar, which may be straight or of any other figure ; the ttraijjht

figure, l)eing the most favourable to strength, is always used when
there is no special reason to the contrary. The link is known by
various names under various circumstances, such as coupling-rod,

conructing-rod, crank-rod, eccentric-rod, kc. It is attached to the
pieces which it connects by two pins, about which it is free to turn.

The eCTect of the link is to maintain the distance between the axes

of those pins invariable ; hence the common perpendicular of the

axes of the pins is the line of connexion, and i'a extremities may be

called the connected point.i. In a turning piece, the perpendicular

let fall from its connected point upon its axis of rotation is the arm
or erank-urm.

The axes of rotation of a pair of turning pieces connected by a

link are almost always parallel, and perpendicular to the line of

connexion ; in which case the angular velocity ratio at any instant

is the reciprocalof the ratio of the common perpendiculars let fall

from the lino of connexion upon the respective axes of rotation.

If at any instant the direction of one of the crank.arms coincides

with the lino ol connexion, the common perpendicular of the line

of connexion and the axis of that crank-aim vauishea, and the
4ircctional relation of the motions becomes indclerminatc. The
position, of the connected point of the crank-arm in question at

luch an instant is called a dead-point. The velocity of the other

connected point at such an instant is null, unless it also reaches a

dead-point at the same instant, so that the line of connexion is in

the plane of the two axes of rotation, in which case the velocity

r.itio is indeterminate. Examples of dead-points, and of the means
uf preventing the inconvenience which they tend to occasion, will

appear in the sequel.

72. Coupling of Parallel Jzts.—Tvio or more' parallel shafts

(such as those of a locomotive engine, with two or more pairs of

driving wheels) are made to rotate «iih constantly equal angular

velocities by having equal cranks, which are maintained parallel by
a coupling-rod of such a length that the line of connexion is equal

to the distance between the axes. The cranks pass their dead-points

simultaneously. To obviate the unsteadineas of motion whicn this

tends to cause, the shaft* are provided with a second set of cranks

nt right angles to the first, connected by means of a similar coupling-

rod, so thiit one set of cranks pass their dead poiata at the instant

when the other set are farthest from tbeira

ir.---'7'

73. Comparative Motion of Connected Poiiils.—As the link is a
rigid body, it is obvious that its action in communicating motion
may be determined by finding the con^narative motion of the con-
nected points, according to the principles laid down in §§ 71, 78,
pp. 890, 692, and this is often the most convenient method of pro-
ceeding.

If a connected point belongs to a turning piece, the direction of
its motion at a given instant is pcrjiendicular to tlie plane contain-
ing the axis and crank-arm of the piece. If a connected point
belongs to a shifting piece, the direction of its motion at any instant
is given, and a plane ean be drawn perpendicular to that direction.

The line of intersection of the jilanes perpendicular to the paths
of the two connected points at a given instant is the instantaneous
axis of the link at that instant ; and the velocities of the connected
points are directly as their distances from that axis.

In drawing on a plane surface, the two planes perpendicular to

the paths of the connected points sre represented by two lines (being
their sections by a plane normal to them), and the instantaneous
axis by a point (fig. 24) ; and, should the length of the two linet

render it impracticable to pro-

duce them until they actually

intersect, the velocity ratio of

the connected points may be
found by the principle that it

is equal to the ratio of the
segments which a line parallel

to the line of connexion cuts

off from any two lines drawn
from a given point, perpen-
dicular respectively to the
paths of the connected pointa.

To illustrate this by one ex-

ample. Let C, be the axis, and
T, the connected point of the

beam of a steam-engino ; TiT,
the connecting or ciank-rod ; T, the other connected point, and
the centre of the crank-pin ; C, the axis of the crank and its shaft.

Let v, denote the velocity of 1", at any given instant ; r, that of

T,. To find the ratio of these velocities, produce C/T,, C,T^ till

they intersect in K ; K is the instantaneous axis of the connecting

rod, and the velocity ratio is

Fig. 24.

»i:», :: KT, : KT,, .... (35).

Should K be inconveniently far off, draw any triangle with its sides

respectively parallel to C,1\, C.T,, and T,T, ; the ratio of the two

sides first mentioned will be the velocity ratio required. For

example, draw C,A pitu'.el to CiT„ cutting TjT, in A ; then

f, :»j ::C,A . C-T, (36).

74. Eccenlnc.—An eccentric circular disk fixed on a shaft, and

used to give a reciprocating motion to a rod, is in etfect a crank-pin

of sufficiently large diameter to surround the shaft, and so to avoid

the weakening of the shaft which would arise from bending it so as

to form an ordinary crank. The centre of the eccentric is its con-

nected point ; and ita eccentricity, or the distance from that centre

to the axis of the shaft, is its crank-nrm.

An eccentric may be made capable of having ita eccentricity

altered by means of an adjusting screw, so as to vaiy the extent ol

the reciprocating motion which it communicates.

76. Keeiprocating .Pieces— Stroke— Dcad-Points.—1\ii distance

between the extremities of the path 6f the connected point in a

reciprocating piece (such as the piston of a etesm-engine) is called

the stroke or length of stroke of that piece. When it is connected

with a continuously turning piece (such a« the crank of a steam-

engine) the ends ef the stroke of the reciprocating piece correspond

to the dead-points of the path of the connected point of the turning

piece, where the line of connexipn is continuous with or coincidei

with the crank-arm.

Let S be the length of stroke of the reciprocating piece, L th<

length of the line of connexion, and R the cmnk-ann of the con-

tinuously turning piece. Then, if the two ends of the stroke ba ii

one straight line with the axis of the crank,

S-2R » . (87);

and if these ends be not in one straight line with that axis, thei

S, L-R, and L-fK, are the three sides of a triangle, having tht

angle opposite S at that axis ; so tliat, if fl be the supplement of thi

arc between the dead-points,

S» - 2(L' + R») - 2(L' - K') cos )

„ 2L' -(-2R'-S« -

\ . . . ' (38)
""*

2(L'-R'') J

I^.CovplingofIntersecting Axes—Uooke'sl'nivertalJoint.—lTiUr
aecting axes are coupled by a contrivance of Uooke's, known as th.

"universal joint," which belongs to the class of linkwork (see fig

25). Let bo the point of intersection of the axes 0C„ 0C„ am

e their angle of inclination to each other. The pair of shaft

Cu C, tannin.te ia a pair of foikj F„ F« in bearin;;8 at the extreici
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ties of which turn the gu3p^0DS at rtie ends of the arms of a rec-

tangular cross, having its centre at 0. This cross is the link ; the

connected points are the centres of the bsaxioga Fj, tf ^^ *^^
instant each of those points

moves at right angles to the

central plane of its shaft and
fork ; therefore the line of Ci(

intersection of the central

planes of the two forks at

any instant is the instan-

taneous axis of the cross,

and the velocity ratio of the

points F„ Fj (which, as

the forks are equal, is also

tile angular velocity ratio of

the shafts) is equal to the „. „_
ratioof the distances of those * ^o.

points from that instantaneous axis. The viean raluo of that

velocity ratio is that of eqaality, for each mccenive quarter-t%trn

Is made by both ahafts in the same time ; but its actual vain*

fluctuates between the limits

—

when Fi is the plane OCjCj
«! ="'«

" '
"\. . . (89).

and — = cose when Fj is in that plane
"1

Its value at intermediate instants is given by the following equa-

tions :—let ^j, (f, be the angles respectively made by the central

planes of the forks and shafts v.ith the plane OCiCj at a given
instant; then

cos9= tan ^1 tan #, j

«,_ rf<j>. tan0i + cot» ( .... (40).

77. Intermittent Linkwork— Click and Hatchet.—A click acting

upon a ratchet-wheel or rack, which it pushes or poUi throagh >
certain arc at each forward stroke and leaves at rest at each back-
ward stroke, is an example of intermittent linkwork. During the

forward stroke the action of the click is governed by the principles

of linkwork ; during the backward stroke that action ceases. A
catch or pall, turning on a fixed axis, prevents the ratchet-wheel or

rack from reversing its motion.

Division, 5. Trahis of Mechanisii.

78. General Principles.—A train of mechanitm eonaiita oft series

of pieces each of which is follower to that vbich dhvei it and
driver to that which follows it.

The comparative motion of the first driver and last follower is

obtained by combining the proportions expreaginj;, by their terms
the velocity ratios and by their signs the directional relations of

the several elementary combinations of which the tvain consists.

79. Trains of IFhcclwork.—Let A„ A^ A„ ic, Am-i, An
denote a series of axes, and a„ Of, a,, &c, ami, om their angular
velocities. Let the axis A, carry a wheel of Nj teeth, driving a

"<heel of ?i3 teeth on the axis Aj, which carries also a wheel of N,
teeth, driving a wheel of Jij teeth on the axis Aj, and so on ; the
nurabera of teeth in drivers being di.notod by H's, and in followers

by n*s, and the axes to which the wheels are fixed being denoted by
numbers. Then the resulting velocity ratio is denoted by

=:3 . r? . &o.
Om N, . Nj &c. N„.,

called t) and its double 2t, then one pair of wneeis will answer the

purpose, and B and C will themselves be the numbers required.

Should B and C be inconveniently large, they are, if possible, to be

resolved into factors, ]ud those factoi; (or if they are too small,

multiples of them) used for the number of teeth. Should B or C,

or both, be at once inconveniently Iwge and prime, then, instead

of the exact ratio — , some ratio approximating to that ratio, and

capable of resolution into convenient factors, is to be found by the

method of continued fractions.

Should = be greater than 6, the nest number of elementary com-

binations TO - 1 wUl lie betw^eu

Oj Oj Oo Om-l ^2 . 7I3 . . ttC. , , . 7^„,

that is to say, the velocity ratio of the last and first axes is the ratio

of the product of the numbers of terth in the drivers to the product
of the numbers of teeth in the followers.

Supposing all the wheels to be in outside gearing, then, as each
elementary combination reverses the direction of rotation, and as

the number of elementary combinations »i - 1 is one less than the
number of axes m, it is evident that if m is odd the direction of
rotation is preserved, and if even reversed.

It is often a question of importance to determine the oamber of
teeth in a train of wheels best suited for giving a determinate
velocity ratio to two axes. It was shown by Young that, to do this
with the least total nuTnter of teeth, the velocity ratio of e.tch ele-

mentary combination should approximate as nearly as possible to
3 '59. This would in many cases give too many axes ; and, as a
useful practical rule, it may be laid down that from S to 6 ought to
be the limit 6f the velocity ratio of an elementary combination in
wheelwork. The smallest number of teeth in a pinion for epicy-
cloidal teeth ought to be twelve (see sect. 69),—but it is better, for
smoothness of motion, not to go below fifteen; and for involute
teeth the smallest number la about twcntyfour.

liet g be the velocity ratio required, reduced to its least terms,

and let B be greater than C. If ? is sot greater than 6, and Clieg

between the prescribed minimum number of teeth (»hich may be

IogB-1 IC ^^j logB-logC
log 6 logs

Then, if possible, B and C themseives are to be resolved each into-

m-1 factors (counting 1 as a factor), which factors, or multiples

3( them, shall be not less than I nor greater than 6f ; or if B and C
contain inconveniently-large primtr factors, an approximate velocity

ratio, found by the method of continued fractions, is to be substi-
11

tuted for = as before.
\j

So far as the resultant velocity jatjo is concerned, the order of

the drivers N and of the followers n is immaterial ; but to securt

equable wear of the teeth, as explained in sect. 54, tlio wheels enghl

to be so arranged that, for each elementary combination, the givatesl

common divisor of N and n shall be either 1, or as small as jiossible.

80. Dcnible Uooke's Conpliiuj.— It has been shown in section 76

that the velocity ratio of a pair of shafts coupled by a universal

joint fluctuates between the limits cosCand-—•. Hence one or both

of the shafts must have a vibratory auil unsteady motion, injurious

to the mechanism and framework. To obviate this evil a short in-

termediate shaft ia introdnced, making equal angles with the liist

and last shaft, coupled with each of them by a Hooke's joint, and
having its own two forks in the same plane. Let a^, cj, 03 be the

angular velocities of the first, intermediate, and last shaft in this

train of Itoo Hoekt's eoKplingt. Th»n, froni the principles of sect.

76 it is evident that at each instant -• =--, and consequentlj' that
o, 03

03 — 01 ; so that the fluctuations of angular velorily ratio caused by
the first coupling are exactly neutralized by the second, and the

iirsi mdiast shafts have etjual angular velocities at each instant.

81. Convcrqing and Diverging '/Trains of iIc(liauis)iK—Two or

moro trains ol mechanism may converge into one,—as when t)ic two
pistons of a pair of steam-engines, each through its own connecting-

rod, act upon one crank-shaft. One train of incclianiMn may dlrcnjc

into two or more,—as when a single shaft, driven by a ]>iimc mover,

carries several pulleys, each of which drives a ditfcrent machine.

The principles of comparative motion in s'lch converging and
diverging trains are the same as in simple trains. ..

Division 6. Aggregate Combinations.

82. Oeneral Priiuiples.—AVillis has designated as "aggregate
combinations" those a»s«mblages of pieces of mechanism in wliicK

tlie motion of one follower is the resultant of component motion?,

impressed on it by more than one driver. Two classes of aggregat(

combinations may be distinguished which, though not diflerent ii^

their actual nature, differ in the data which they present to the

designer, and in the method of solution to be followed in questions

respecting them.
Class I. comprises those cases in which a piece A is not carried

directly by the frame C, but by another piece 15, relatively to whicli

the motion of A is given,—the motion of the piece B relatively to

the frame C being also given. Then the motion of A relatively to

the frame C is the resultant of the motion of A relatively to B and
of B relatively to C ; and that resultant is to be found by the prin-

1 ciples already explained in division 3 of this chapter, sects,

gi to 41.

Class II. comprises those cases in which the motions of three

points in one follower are determined by their oonnexioni wiiii

two or with three diflerent drivers, so that the motion of the

follower, as a whole, is to be determined by the principles of g§ 71,

78, pp. 690, 692.

This classification is founded on the kinds of problems ari>ing

from the combinations. . Willis adopts another classification,

founded on the objects of the combinations, which objects he divides

into two classes, viz., (1) to produce aggregate velocity, or a
Telocity which is the resultant ol two or more components iu the

same path, and (2) to produce an aggregate path, that is, to

make a given point in a rigid body move in an assigned path by

communicating certain motions to other points in that body.

It is seldom that one of these efl'ects is produced without at the

same time producing the other ; but the classification of Willis'
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them todepends upon wliich of those two elfects, even supposing

occur together, is the practical object of the mechnnisra.

83. Jiedit/jlicaiion of Cords—Differential Windlass—Blocks,
Sluaves, and Tackle.—The axis C (fig. 2d) carries a larger barrel

A£ aud a smaller barrel DB, rotating as one piece

with the angular velocity aj in tlie direction AE.
Tlie pulley or sheave i'U has a weight W hung to

Its centre. A cord has one end made fast to and
wiapped round the barrel AE ; it passes from A
under the sheave l''G, and has the other end
wi-ziiped I'ourid aiid made fast to the barrel BD.
Rcquueil the rc'lation between the velocity of trans-

lation r, of W aud the angular velocity oj of the

difcreiittal barrel.

In this case r, is an aggregate velocity, pro-

duced by the joint action of the two drivers AE
aud BL), transniittt'd by wrap]iing connectors to

KG, and combined by that A>heave so aa to act on
tJio follower ^7, whose motion is the same with
that ol the centre of FG. _. „.

Tlio velocity of the jioint F is o,.AC, upward S- ^^'

motion being considered positive. The velocity of the point G is

- oj.CC, downward motion being negative. Hence (p. 690, §§ 71,

72) the instantaneous axis of the sheave FC is iu the diameter

FO, at the distance

FG AC-BC
2

from th* centre towards G

Jw

AC-hBO
the angular velocity of the Bheave ia

AC-l-BC
»i- FG

and, consequently, the velocity of its centre is

FO AC - BC g.rAC-BC)
2" AC + BC

~
2

v,-aj. (42).

or the mean Ictuieen. tlie velocities of the two vertical parts of the

cord.

If the cord be fixed to the frame-work at the point B, instead of
being wouud on a barrel, the velocity of W is half that of AF.

, A case containing several sheaves is called a block. A fall-block

is attached to a fixed point ; a running-block is movable to and
from a fall-block, with which it is connected by two or mora plies

of a rope. The whole combination constitutes a tackle or purchoie.
The two plies of a rope at opposite sides of a sheave iu the fall-

block have equal and opposite velocities. The two plies at opposite'
ides of a sheave in tne iiinuing-block have velocities (as in the
case of the sheave FG) differing equally in opposite dii'ections from
the velocity of the running-block.

One end of the rope is fastened either to the fall-block or the
running-block. The other, or free end, is called the fall. Let v,

be the Velocity of the fall, v, that of the running-block ; and let it

be rquircd to find theii- ratio ; and let velocities towards tho fall-

block be positive, and from it negative.

Case 1. If the fastened eud of the rope be attached to the fall-

block its velocity is 0, and this also is the velocity of the first ply.
The rope passes under a sheave in the running-block, so that the
Telocity of the second ply U 2iy

, It then passes over a sheave in
the fall-block ; the velocity of tne third ply is-2v3 ; then under a
sheave in the running-block ; tho velocity of the fourth ply is 4i)j

;

aud so on,—the general law being this :—let >i be an even number,
then

the velocity of the n"'' ply-ntij
)

(ii-t-l)"' ply- -nvA . . . (43).
-u„ if the fall be the ()i + l)"' ply )

Case 2. If tho fastened end of the rope bo attached to the run-
ning-block, tho velocity of the first ply is v, ; of the second, - », ;

of the third, 3ii, ; of the fourth, - Sk, ; ana, generally, if n be an
od<l number,

velocity of the «" ply-nv,
J

„ (n-t-l)"" ply- -nv,
J . . . f44).

-»,, if the fall be tho (h + 1)'"" ply )
Generally,—

^--» (46).

where n is the number of plies nf rope by xohich the running-block
hangs.

The sheaves in a block are usually made all of the same diameter,
and turn on a fixed pin, and they have, consequently, diflerent
angular velocities. But by making tho dianieter of each sheave
proportional to the velocity, relatively to the block, of the ply of
rope which it is to carry, tne angular vclocitiea of the sheaves in
ono block may be rendered equal, .so that the sheaves may bo made
»ll in one piece, and may have juuinals turning in fixed bearings.
This is called White's tackle, from the inventor.
Foi details aud technical terms sec SBlPBUILDIKa

84. Differential Screw.—On the same axis let there be two screws

of the respective pitches J7, and/),, made in one piece, and rotating

with the angular velocity o. Let this piece be called B. Let tlie

first screw turn in a fixed nut C, and the second in a sliding nut
A. The velocity of advance of B relatively to C is (according to

sect, 41) apt, and of A relatively to B (according to sect. 6Tl-ap,;
hence the velocity of A relatively to C is

"(/'i-Ps) (46),

being the same with the veloeity of advance of a screw of the pitch

Pi -p.,. Thij combination, called Hunter's or the diffcrentiaiscreic,

combines the strength of a large thread with the slowness of motion
due to a small one.

85. Epicyclie Trabis.—The term epicycUc train is used by
Willis to denote a train of wheels carried by an arm, and having
certain rotations relatively to that arm, which itself rotates. The
arm may either be driven by the wheels or assist in driving them»
Tho comparative motions of the wheels and of the arm, and tha
atj'jrcgaic patlis traced by points in the wheels, are determined bj(

the principles of the composition of rotations, and of the description

of rolling curves, explained in sects. 37 to 40.

86. Link .)fotion.—Let S (fig. 27) be the shaft of a steam-engine,

its axis, E/ the forward eccentric, suitably placed for moviu" the

slide-valve when the shaft rotates forwards, F its centre, OF its

crank-arm, C/ its rod, Ei the backward eccentric, suitably placed for

moving the slide-valve when the shaft rotates backwards, B its

centre, OB its crank-arm, Ct, its rod. L is a long narrow box called

the link, jointed at T/ and Ts to tho eccentric rods ; R is the valve-

rod which works the slide-valve, jointed to P. a slider, which, by
moving either L or K, or both, can be adjusted to any required posi-

Fig. 27.

tion in the link. When P is at T/ the valve is said to he \n full

fonoard gearing, being acted upon by E/ alone. When P is at T»

the valve is said to be in full backward gearing, being acted upon

by Eb alone. When P is placed in an intermediate position, the

valve has an aggregate motion due to the joint action of E/ and Ej.

The most exact mode of determining that motion is to make a

skeleton drawing of the apparatus iu various positions ; but an

approximation to the motion of the valve may bo obtained by join-

ing FB, and taking Q so that

TyP:T6P: :FQ:BQ;
then the valve will move nearly as if it were worked by one

eccentric, having its centre at Q.

87. Parallel Molioiis (exact).—A parallel motion is a combination

of turning pieces in mechanism designed to guide the motion of a

reciprocating piece either exactly a,^^ _j;
or approximately in a straight

line, so as to avoid tho friction

which arises from tho use of

straight guides for that purpose.

Fig. 28 repieseots an exact

parallel motion, first proposed,

it is believed, by Mr Scott

Russell.

The arm CD turns on the

axis C, and is jointed at D to

the middle of the bar ADB, ;
,--'

whose length is doublo of that a I-''

of CD, and ono of whose ends

B is jointed to a slider, sliding 'ig. 28.

in straight guides along the lino CB. Draw BE perpendicular

to CB, cutting CD produced in E, then E is the instantaneous

axis of the bar ADB ; and the direction of motion of A is at every

instant i>eipendicular to E.\, that is, along tho sti-aight line ACa.

While the stroke of A is ACa, extending to equal distances on

either side of C, and equal to twice tlio chord of the arc Drf, the

stroke of B is only equal to twice the sagitta ; and thus A is

guided through a comparatively long stroke by the sliding of B
through a comparatively nhort stroke, and by rotatory motions at

the joints C, D, B. (For dct,iils, see Ste.^m-Enoine.)

88. Parallel Motion— Watt's Approximate (see fig. 29).—Le^

CT, c< bo a pair of levers connected by a link 'Vt, and oscillating

^bout the axes Cc between the positions marked 1 and 3. Let tho

middle positions of the levers CT„ ct, be parallel to each other. It

1« required to find « point P in tho link It such that iU middk

'fi
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position P, ami iU extreme positions P|, Pa shall Vie in the same

straight liue SS, iierpendicuUr to OT,, ct,, and so to place the axes

(J, c on the lines CTj, cl.j that the path of P between the positiooa

P„ Pj, Pj shall be us near as possible to a atiaight line.

is always in reality distributed over some definite space, eiiiier i

volume of three dimensions or a surface of t\vo. An example 4,

a force distributed throughout a volume is the weight of the bod},

itself, which acts on every particle, however small. Tlie preisurt

exerted between two bodies at their surface of contact, or between

the two parts of one body on either siSe of an ideal surface o(

separation, is an example of a force distributed over a surface. The
mode of distribution of a force applied to a solid body requires to

be considered when its stiffness and strength are treated of; but,

in questions respecting the action of a force upon a rigid body coU'

sidered as a whole, the resultant of the distributed force, deter-

mined according to the principles of statics, and considered as

acting in a single line and applied at a single point, may, for the

occasion, be substituted for the force as really distributed. Thus,

the weight of each separate piece in a machine is treated as acting

wholly at its centre of gravity, and each pressure applied to it as

acting at a point called the. ceiUi'e ofpressure of the surface to which
the pressure is really applied.

91. Forces applied to Mechanism Classed.—If fl be the ei/iywrty of

a force F applied to a piece of a machine,—that is, the angle made
by the direction of the force with the direction of motion of its point

of application,—then by the principles of Statics, F may be rcsoWed
into two rectangular coniponeats, vix t—

Fig. 29.

The axes C, e are to be so placed that the middle M of the versed

sine VTj, and the middle m of tlie versed sine it.^, of the respective

arcs whose equal chords T/fj, t^l^ represent the stroke, may each

be in the line SS. Then Tj and 'J'3 will be as far to one side of SS
as Tj is to the other, and <, and (3 will be as far to the latter side

of SS as t.^ is to the former ; consequently, the two extreme positions

of the links Tj^j, "Vj^ are parallel to each other, and inclined to

SS at the same angle in one direction that the middle position of

the link T^t^ is inclined to that line in the other direction, and
the three int'ei-scctions P,, Pj, Pj are at the same point on the link.

The position of tlie point P on the link is foumt by the following

proportional equation :

—

Tl:VT:Vt \

:: 'i\+tv:l\ -.tv \ (47).

;:Cil +m:cm : CM )

Suppose the axes C, <r to be given, the liue of stroke SS, and the

lengtn of stroke L-TiTj-i/j, and that it is required to hnd the

dimensions of the levers and link. Eet fall CM and cm perpen-

dicular to SS ; then

8CM 8CT71
•

I

Ci-Cli + ii1\';ct = cm + \tv;) • ' ' (^')-

Tt-s/lilm' + iiTV + tv)'} J

if C and e are at the same side of SS, the smaller of the two
perpendicufars is to t>e treated as negative in the formula;, and the
difference of tlie versed sines used instead of their sum ; and the
point P will lie in the prolongation of the link beyond Tl to the
side of the longer lever. When the arcs of oscillation of the levers
on >ither side of their middle positions do Dot exceed 20°, the
intermediate portions of the patn of P between P„ Pj, and Pj are
near enough to a straight line for practical purposes ; and that
point may be used to guide a sliding piece, such as the piston-rod
of a steam-engine, for which purpose this parallel motion was
originally invented by Watt.

Chaiter II. O.v Applied Dtnamics.

89. Laws of Motion.—The action of amachine in transmitting
force and motion simultaneously, or performing loork, is governed,
in common with the phenomena of moving bodies in general, by two
" laws of motion," for which see pp. 676 sg.

90. Co^nparison of Deviating Force with Gravity.—&eB pp. 698,
699, §§ 104-106.

" '^^
'

91. Deviating Forces Classed— Deflecting Force—Accelerating and
Retarding Forces.—See p. 701, §§ 114-119

92. Division of the Subject.—On this classification of the deviat-
mg forces in machines is founded the following division of the
subiect of dynamics as applied to machines :—

Division 1.— Balanced forces in machines of uniform velocity.
Division 2.—Deflecting forces in such machines.
Division 3.—Working of machines of varying velocity.

Division 1. Balanced Forces in Machines of Uniform Velocity.

93. Application of Force to Mechanism.—Forces are applied in
nmts of weight; and the unit most commonly employed in Britain
IS the pound avoirdupois The action of a force applied to a body

Along the direction of motion, P = Fcos9|
Across the direction of motion, Q — Fsind )

(49).

If the component along the direction of motion acts with the
motion, it is called an effort ; if against the motion, a resistance.

The component across the direction of motion is a lateral pressure ;

the unbalanced lateral pressure on any piece, or part of a piece, is

deflecting force. A lateral pressure may increase resistaiice by
causiug friction ; the friction so caused acts against the motion, and
is a resistance, but the lateral pressure causing it is not a resist-

ance. Resistances are liistinguiahed into useful and prejudicial,

according as they arise from the useful effect produced by the
machine or from other causes.

95. IVork.— }l^ork consists in moving against resistance. The
work is said to be performed, and the resistance overcome. Work
is measured by the product of the resistance into the distance
through which its point of application is moved. The xmit of work
commonly used in Britain is a resistance of one pound overcome
through a distance of one foot, and is called a foot-pound.
Work is distinguished into useful work and prejudicial or lost

wi/rk, according as it is performed in producing the useful effect 01

the machine, or in overcoming piejudicial resistance.

9 J. Knergy—Potential Energy.—Jinergy means capacity for
performing work. The energy of an effort, or potential energy, is

measured by the product of the effort into the distance through
which its point of application is capable of being moved. The unit
of energy is the same with the unit of work.
When the point of application of an (Kovihashecn mot>«J through

a given distance, energy is said to have been exerted to an amount
expressed by the product of the effort into the distance through
which its point of application has been moved.

97. Variable Effvrl and Eesistance.— If an effort has different
magnitudes during different poi lions' of the motion of its point of
application through a given distance, let each different magnitude
of the effort P be multiplied by the length Aj of the corresponding
portion of the path of the point of application ; the sum

2. Pas (50)

is the whole energy exerted. If the effort varies by insensible
gradations, the energy exerted is the integral or limit towards
which that sura appioaches continually as the divisions of the path
»re made smaller and more numerous, and is expressed by

(51)./Fds

Similar processes are applicable to the finding of the work per-
formed in overcoming a varying resistance.

98. Dynamometer or Indicator.— &. dynamometer (Sr indicatoi
is an instrument which measures and records the energy exerted
by an effort. It usually consists essentially, first, of a piece of
paper moving with a velocity proportional to that of the point of
application of the effort, and having a straight line marked on it

parallel to its direction of motion, called the zero liue ; and.
secondly, of a spring acted upon and bent by the effort, and carry-
ing a pencil whose perpendicular distance from the zero line, as
regulated by the bending of the spring, is proportional to the
effort. The pencil traces on the piece of paper a line such that its

ordinate perpendicular to the zero line at a given point represents
the effort P for the corresponding point in the path of the point
of effort, and the area between two ordinates represents the energy
exerted, yprfs, for the corresponding portion of the path of the point
of effort.

99. Principle of the Equality of Energy and Work.—From the
first law of motion it follows that in a machine whose pieces move
with uniform velocities the efforts and resistances must balance each
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other. Kow from the laws of statics (sec above) it is known

tliat, in onler tljat a system of forces applied to a system of connected

points may bu in equilibrium, it i" necessary that the sum formed

Ly putting together the' products of the forces by the respective

distances through which their points of application arc capable of

moving simultaneously, each along the direction of the force applied

to it, shall bo zero,—products being considered positive or negative

according as the direction of the forces and the possible motious of

their points of application are the same or opposite.

In other words, the sum of the negative products is equal to

the sum of the positive products. This principle, applied to a

machine whose parts move with uniform velocities, is e(iuivalent to

saying that in any given interval of time the energy exerted xs

equal to the work performed.
The symbolical expression of this law is as follows :—let efforts be

applied to one or any number of points of a mtichine ; let any one

of these efforts be represented by P, and the distance traversed by

its point of application in a given interval of time by ds ; let

resistances bo overcome at one or any number of points of the same

machine ; let any one of these resistances be denoted by R, and tho

distance traversed by its point of application in the given interval

of time by ds'; then
S.Pds-S.iWy (52).

The lengths ds, di' are proportional to the relocities of the

points to whose paths they belong, and the proportions of those

velocities to each other arc deducible from the construction of tho

machine by the principles of pure mechanism exjilaiued in

Chapter I.

100. Efficiency.—The eficicncy of a machine is the ratio of the

naeful work to the total work,—that is, to the energy exerted,—and

is represented by

2.Rrfj'"r.R„rfy + S."R,rfs'"' l.lrfs " K
.^. . (53),

R. being taken \^ represent useful and R, prejudicial resistances.

The more neaiiy the efficiency of a machine approaches to unity

the better is the machine.

101. Power and Effect.—The power ot a machine is the energy
exerted, and the effect the useful work performed, in some interval

of time of definite length, such as a second, an hour, or a day.

The unit of power, called conventionally a horse-power, is 550
foot-pounds per second, or 33,000 footpounds per minute, or

1,980,000 foot-pounds per hour.

102. ModiUtw ofa Machine.— In the investigation of the properties

of machine, the useful resistances to be overcome and the useful

work to be Performed are usually given. The prejudicial resistances

are generally functions of tho useful resistances of the weights of

the pieces of the mechanism, and of their form and arrangement

;

and, having been determined, they serve for the computation of

the lost work, which, being added to the useful work, gives the

expenditure of energy required. The result of this investigation,

expressed in the form of an equation between this energy and the

useful work, is called by Moseley tlie modulus of the machine.

The general form of the modulus may be expressed thus

—

E-U + «U, A) + iKA) (54),

where A denotes some quantity or set of quantities depending
on the form, arrangement, weight, ami other properties of the

mechanism. Moseley, however, lias pointed out that in most cases

this equatioa takes the much more simple form of

E-(H-A)U + B, (55),

where A and B are constant}, depending on the form, arrangement,
and weight of the mechanism. The eSiciency corresponding to tho
last equation is

T'l+T+B/D '^''^•

103. Trains of Mechanism.—In applying the preceding prin-

ciples to a train of mechanism, it may either be treatd as a wtiole,

or it-may be considered in sections consisting of single pieces, or of

any convenient portion of the train,—each section being treated as

a machine driven by the effort applied to it and energy exerted
upon it through its line of connexion with the preceding section,

performing useful work by driving the following section, and losing
work by overcoming its own prejudicial resistances.

It is evident that llic efficiency of IJie v>hole train it the product of
the efficiencies of its sections.

104. Rotating Pieces— Couples of Forces. —It is often convenient
to express tho energy exerted U|Kia and tho work performed by a
turning piece in a machine in terms of the moment of tho couples

of forces acting on it, and of the angular velocity. See p. 728,
§219.
The ordinary British unit of moment is a foot-pound ; but it is

to be remembered that this is a foot-pound of a dlirereot sort from
tho unit of energy ond work.

If a force be applied to a turning piece in a line not passing

through its axis, the axis will press against its bearings with an

equal and parallel firce, and the equal and opposite reaction of the

bearings will constitute, together with the first-ineutioned force, a

couple whose arm is the perpendicular distance from the axis to tha

line of action of the first force.

A couple is .-aid to be right or left liandd with' reference to the

observer, according to the diiection in which it tends to turn the

body, and is a driving couple or a resisting couple according as its

tendency is with or against that of the actual rotation.

Let dt be an interval of time, a the angular velocity of the

piece ; then adt is the angle through which it turns in the inteni-al

dt, and ds - vdl = radtia the distance through which the point of

application of the force moves. Let P represent an efToit, so that

Pr u a driving couple, then

rds''?vdt=Pradt = 'iladt (57)

is the energy exerted by the couple M in the interval dt ; and a

similar equation gives the work performed in overcoming a resisting

couple. When several couples act on one piece, the resultant

of their moments is to be multiplied by the common angular

velocity of the whole piece.

105. Reduction of Forces to a given Point, and of Couples to the

Alii of a given Piece. —In computations respecting machines it 'is_

often convenient to substitute for a force applied to a given poini

or a couple applied to a given piece, the equivalent force or couplft

applied to some other point or piece ; that is to say, the force oi

couple, which, if applied to the other point or piece, would exert

equal energy or employ equal work. 1 he principles of tljis reduc-

tion are that the ratio of the given to the equivalent force is the

reciprocal of the ratio of the velocities of their points of applica-

tion, and the ratio of the given to the equivalent couple is the

reciprocal of the ratio of the angular velocities of the pieces to

which they are applied.

These velocity ratios are known by the construction of the

mechanism, and are independent of the absolute speed.

106. Balanced Lateral Pressure of Guides and Bearings.—The
most impoitant part of the lateral pressure on a piece of mechanism

is the reaction of its guides, if it is a sliding piece, or of

the bearings of its axis, if it is a turning piece ; and the

balanced portion of this reaction is equal and opposite to the

resultant of all the other forces ajiplied to the piece, its own weight

included. There may he or may not be an unbalanced component

in this pressure, due to the deviated motion. Its laws will be

considered in the sequeh

107. Friction— Unguents.—The most important kind of resistance

in machines is the/ric(ion or rubbing rciistance of surfaces which

slide over each other. The direction of the resistance of friction is

opposite" to that in which the sliding takes place. Its magnitude

is the product of the normal pressure or force which presses the

rubbing surfaces together in a direction perpendicular to themselves

into a specific constant already mentioned in Part !., sect. 13, as

the coefficient offriction, which depends.on the nature and condition

of the surfaces of the unguent, if any, with which they are covered.

The tolil pressure exerted between the rubbing surfaces is the

resultant of the normal pressure and of the friction, and its

obliquity, or inclination to the common perpendicular of the

surfaces, is the angle of repose formerly mentionetl in sect. 13,

whose tangent is the coefficient of friction. Thus, let N be the

normal pressure, R tho friction, T the total pressure, / the co-

efficient of friction, and ^ the angle of repose ; then

/— tan^ .

R-/N-NUu«-Tsin0.i
(58).

Experiments on friction have been made by Coulomb, Vince,

Rennie, Wood, D. Rankine, and others. - The most complete and

elaborate experiments are those of Morin, publibhed fn his Kotions

Fnndamentales de Micanique, and republished in Britain in the

works of Moseley and Gordon. The following is an exceedingly

condensed abstract of the most important results, as regards

machines, of these exjwriments ;

—

Sui-facea. /•

Wood on wooJ, dry - 0-55 lo S

Do., •..aped S

Motils on onk, dry - J to 06
I>o., wet Oil to 056
l)o

,

toapcd ^'2

Do., elm, dry 2to05J
Ilemp on oak, dry »•« 0-03

Do,. wet OM
Lent her on oak. wet or dry 027 to S-3fl

Lvathct- on mculs, dry 0-£6

Do.. wet : OS*!

Do., Rrrasy » 0"23,

Do,, oiled 015
UeUli on ractali, dry 014 to 0-3

Do,, wet 30

Smooth turfacea with ungcnls, occa.donally Rteaaed. 0-07 t« 0-08

I>o. do,, well Rreaaed S-W
Do. do., do., test rcaults .... 0-03 to 0-OM
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It is to 1)0 understood tli.it the .ibove-stated law of friction is

only true for dry surfaces when the pressure is not sullicieut to

indent or abrade the surfaces, and for greased surfaces wheu the

pressure is not sufficieut to force out the unguent from between the

surf-occs. If the pmper limit bo exceeded, the friction inci«asc3

,

more raiiidly thau in the simple ratio of the normal pressure.

The liuiit of pressure for ungneuts diniiuishes as the speed

inci-eases. The following are some of its approximate values as in-

feirej from experience in railway locomotive and cariiage axles :

—

, Velociiy of mbbin;: In feet per second 1 2i 5

ImeJislty of noi-raal pressure per tt* per square Inch > ggo 22' 1-10»

of surface.. .r
In pivots, tilt! intensity of the pressure is usu.'xlly fixed at about

cue ton iier square inch.

ITHgueiits sliould be comparatively thick for heavy pressures, that

they may resist beiug forced out, and coiniiuratively thin for

lijlit pressures, that their viscidity m.ay not add to the resistance.

* Uu^jucnts are of three classes, viz.:—
1. FatUj: consisting of animal or vegetable fixed oils, such as

tnllow, lard, lard-oil, seal-oil, whale-oil, olive-oil. Drying oils,

which absorb oxygen and harden, are obviously unfit for tinguents.

2. Soupn : composed of fatty oil, alkali, and water. The best

grease of this cLass should not contain more than about 25 or 30 per
cent, of water ; bad kinds contain 40 or 50 per cent. The addi-

tional water diminishes the cost, but spoils the unguent.
3. Bituminous: composcdof solid aud liquid mineral compounds

of hydrogen and carbon.

108. \york of Friction—Moment of Friclian.—The work per-

formed in a unit of time in overcoming the friction of a pair of

surfaces is the product of the friction by the velocity of sliding of

the surfaces over each other, if that is tlie same throughout the
whole extent of the rubbing surfaces. If that velocity is different

for different portions of the rubbing surfaces, the velocity of each

portion is to be multiplied by the friction of that portion, and the
I'esults summed or integrated.

When the relative motion of the rubbing surfaces is one of rota-

tion, the work of friction in a unit of time, for a portion of the

rabbing sm'thces at a given distance from the axis of rotation, may
be found by nraltiplyiug together the friction of that portion, its

distance from the axis, and the angular velocity. The product of

the force of fiiclion by the distance at which it acts from the axis

of rotation is called the moment offriction. The total moment of

friction of a pair of rotating nibbing surfaces is the sum or integral

•f the moments of friction of their several portions.

To express this symbolically, let du represent the area of a

portion of a pair of rubbing surfaces at a distance r from the axis

of their relative rotation
; /) the intensity of the normal pressure at

du per unit of area ; and/ the coefficient of friction. Then the

moment of friction oi dit is

fprdn ;

the total moment of friction is

ffpr.dii;

and the work performed in a unit of f
(^''•

time in overcoming friction, when the

angular velocity is a, is

affpr.du.

It is evident that the moment of friction, and the work lost by
being performed in overcoming friction, are less in a rotating piece

as the bearings are of smaller radius. But a limit is put to the

diminution of th» radii of journals and pivots by the conditions of

durability and of proper lubrication stated in sect. 107, and also by
conditions of strength and stiffness.

109. Total Pressure between Journal and Hearing.—A. single

piece rotating with an uniform velocity has four mutually balanced
forces applied to it :—(1) the effort exerted on it by the piece

which drives it ; (2) the resistance of the piece which follows it,

—

which may be considered for the purposes of the present question

as useful resistance
; (3) its weight ; and (4) the reaction of its own

cylindrical bearings. There are given the following data :

—

The direction of the effort.

The direction of the useful resistance.

The weight of the piece and the direction in which it acts.

The mafiuitude of the useful resistance.

The radius of the bearing r.

The angle of repose <t>,
corresponding to the friction of the joarnal

on the bearing.

iud there are required the following!—
The direction of the reaction of the bearing.

The magnitude of that reaction.

The m.agnitude of the effort.

Let the useful resistance and the weight of the piece be com-
pounded by the principles of statics into one force, and let this be
called Mc given force.

The directions of the effort and of the given force are either

Fig. 30.

sect. 7 (see also

parallel or moot in a point If they are parallel, the direction of

the reaction of the bearing is also parallel to them ; if they meet
in a point, the directinn of the reaction traverses the same point.

Also, let AAA, tig. 30, be a section of the bearing, and C its axis ;

then the direction of the reaction, at the point where it intersects

the circle AA.\, must make the angle
with the mdius of that circle ; that is

to say, it must be a line such as PT
touehmg tile smaller clix'Ie BIJ, whose
radius is r. sin <p. The side ou which it

touches that circle is detcimiued by the
fact that the obliniiity of the reaction is

such as to oppose the rotatiou.

Thus is determined tlie direction of the

reaction of tlie bciring; and the magni-
tude of that reaction and of the effort are

then found by the principles of the equili-

brium of three forces already stated in Part I.,

p. 702, § 124).

Tha work lost in overcoming the friction of the bearing is the
same with that which would be performed in overcoming at the
circumference of the small circle 15b a resistance equal to the whole
pressure between the journal and bearing.

In order to diminish that pressure to the smallest possible
amount, the effort, and the resultant of the irseful resistance, and
the weight of the piece (called above the " given force ") ought to

be opposed to each other as directly as is practicable consistently
with the purposes of the machine.

110. Friction of Pivots and Collars.—When a shaft is acted
upon by a force tending to shift it lengthways, that force must be
balanced by the reaction of a bearing against a, pivot at the end of

the shaft ; or, if that be impossible, against one or more collars, or
rings projecting fi-om the body of the shaft. The bearing of the
pivot is called a step or footstep. Pivots require great hardness,
and are usually made of steel, the flat pivot is a cylinder of steel

having a plane circular end as a rubbing surface. Let N be the
total pressure sustained by a flat pivot of the radius r ; if that pres-

sure be uniformly distributed, which is the case when the rabbing
surfaces of the jiivot and its step aj'e both true planes, the inten-

sity of the pressure is

P-^
•. •

^^'>'

and, introducing this value into equation 59, the momeiU offriction

of the flat pivot is found to be

J/Nr (61),

or two-thirds of that of a cylindrical journal of the same radiu
under the same normal pressure.

The friction of a conical pivot exceeds that of a flat pivot of the

same radius, and under the same pressure, in the proportion of the

side of the cone to the radius of its base.

The moment of friction of a collar is given by the formula

—

J/N^. ^«2).

where r is the external and / the internal radius.

In the cup and ball pivot the end of the shaft and the step

present two recesses facmg each other, into which are fitted two
shallow cups of steel or hard bronze. Between the concave spheri-

cal surfaces of those cups is placed a steel ball, being either a

complete sphere or a lens having convex surface? of a somewhat
less radius than tlie concave surfaces of the cups. The momeut of

friction of this pivot is at first almost inappreciable from the

extreme smallness of the radius of the circles of contact of tlie ball

and cups, but, as they wear, that radius and the moment of friction

increase.

It appears that the rapidity with which a rubbing surface wears
away is proportional to the friction and to the velocity jointly, or

nearly so. Hence the pivots already men-
tioned wear unequally at different points, and
tend to niter their figures. Schiele has
invented a pivot which preserves its original

figure by wearing equally at all points in a
direction parallel to its axis. The following

are the principles on which this equality of

wear depends :

—

The rapidity of wear of a surface measured
in an oblique direction is to the rapidity of

wear measured normally as the secant of the

obliquity is to miity. Let/DX (fig. 31) be
the axis of a pivot, and let KPC be a portion

of a curve such that at any point P the

secant of the obliquity to the normal of the

curve of a line parallel to the axis is inversely

proportional to the ordinate PY, to which the velocity of P is

proportional. The rotation of that curve round OX will generate

the form of pivot requiied. Now let PT be a tangent to tie

Pig 31.
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<:urve at V, cuttin;? OX in T , PT = PY x seaitil ohliqinhi, and this

is to be a constant quantity , hence the curve i<i that known as the

trattory of the straight line OX, in which PT = OR~constant.

This curie is described by havinj; a fixed strai^dit cdpe parallel td

OX, along which slides a slitler oarrj'inp; a pin whose centre is T.

On that pin turns an arm, carrying at a point P a tracing-jioint,

pencil, or pen. Should the pen have a nib of two jaws, like those

of an ordinary drawing-pen, the plane of the jaws must pass

through PT. Then, while T is slid along the axis from O towards

X, P will be drawn after it from U towards C along the tractory.

This carve, King an asymptote to its axis, is cajnble of being in-

definitely prolonged towards X ; but in designing pivots it should

stop before the angle PTY becomes less than the angle of repose of

the rubbing surfaces, otherwise the pivot will be liable to stick in

its bearing.

The moment of friction of "Schielc's anti-friction pivot," as it

it called, is equal to that of a cylindrical journal of the radins

OR-PT the constant tangi'nt, under the same pressure.

111. Friction of Tedh.—Lei N be the normal pressure exerted

between a pair of teeth of a pair of wheels ; s the tot;il distance

through which they slide upon each other ; n the number of pairs

of teeth which pass the plaue of axis in a unit of time ; then

7i/Ns (63)

is the work lost in unity of time by the friction of the teeth. The
sliding » is composed of two parts, which take place during the

approach and recess rcs[>ectively. Let those be denoted by s, and
»j, so that s— 8i-f»2. Insect. 65 the ic?o<:i7j/9fslidiiigat any instant

has been given, viz., K = c(a, + a.), where u is that velocity, c the

distance Tl .at any instant from the point of contact of the teeth to

the ]>itch-poiDt, and op o^ the respective angular velocities of the
wheels.

Let V be the common velocity of the two pitch-circles, r,, r^ their

radii ; then the above equation becomes

1l = CV\ -I I .

To apply this to involute teeth, let Ci bo the lengtli of the
approach, e, that of the recess, 7(| the vican velocity of eliding
during the approach, v^ that during the r«cess ; then

f,r/ 1 1 ^ f.,1'/ 1 1 \

also, \et » ie the obliquity of the action ; then tlie times occupied
by the approach and recess arc respectively

c, _£^ ,

f C039
'

I'costf
'

giving, finally, for the length of sliding between each pair of teeth,

e'.+c'./ 1 1 \

*=''+*'=2^«(7:+7:} • • • • («^)'

whiih, substituted in eqn.ition 63, gives the work lost in a unit of
time by the fiiction of involute teeth. This result, which is exact
for involute teeth, is approximately true for teeth of any figure.
For inside gearing, if r, be the less radius and r. the greater.11 11 • o

is to be substituted for— +— »
r, r,. J-, ,-j

112. Pndion of Cords and Belts.—k flexible Land, BQeh ta a
cord, rope, belt, or strap; may bo used either to exert an effort or a
resistance upon a pulley round which it wraps. In either case the
tangential force, whether clfort or resistance, exerted between the
band and the pulley is their mutual friction, caused by and propor-
tional to the normal pressure between them.

Lei T, be the tension of the free part of the band nt that side
towards which it tends to draw the pulley, orfrom which the pulley
tends to draw it ; T, the tension of the free part at the other side •

T the tension of the band at any intermediate point of its arc of con-
tact with the i>ulley ; fl tlio ratio of the lengtli of that arc to the
radius of the pulley ; de the ratio of an indefinitely small element
of tliat arc to the radius

; F - T, - T, the tot«l friction between the
band and the j^ullcy ; dF the clcnuiit.ii y portion of that friction due
to the elementary .TIC rffl; /the coefficient of friction between the
materials of the band and pulley.

Then, According to a well-known I'lincinlc in statics, the normal
pressure at the elementary arc de is Td9, T being the meaii tniion
of the bund at that elementary arc ; consequently the frirfion on
that arc is rfF-/Trf9. Now that friction is also the difference
between the tensions of the band at the two ends of the elementary
.«rc,orrfT-rfF-/Trffl; which equation, being integrated throughout
the entire arc of contact, gives the following fomiultc :— °

hypiog^-zc 1

^^-^ • («5).

F-T,-T,-T,(l-<--«^-T,(,'»-l).

When a belt connecting n pair of pUiIeys has the tensions of its
two sides originally equal, the pulleys being at rest, and when the
pulleys are next set in motion, so that one of them drives the other
by means of the belt, it is found that the advancing side of the
belt is exactly as much tightened as the returning side is slackened,
so th;it the }iican tension remains unchanged. Its value is given by
this formula

—

T.-t-T, c^ + 1"^ 27^^^ ...... (66).

which is useful in determining the original tension required td
enable a belt to transmit a given force between two pulleys.

The equations 65 and 66 are applicable to a kind o{ bralce calleti

africlion-strap, used to stop or moderate the velocity of m.ichinei
by being tiglitened round a pulley. The strap is usually of iron-,

and the pulley of hard wood.
Let n denote the arc of contact expressed in turr>s ani fradioni

ofa turn ; then
e = 6-2832a 1 ^

c/" =nuinber whose common logarithm is 2'7288/rt (
' ''

113. Stiffness of HojKS.—Ropes offer a resistance to being bent,
and, when bent, to being straightened again, which arises from the
mutual friction of their fibres. It increases with the sectional area
of the io]ic, and is inversely proportional to the radius of the curve
into which it is bent.

The work lost in ]iulling a given length of rope over a pulley is

found by multiplying the length of the rope in feet by its stiffness

in pounds, that stilfness being the excess of the tension at the
leading side of the rope above that at the following side, which is

necessary to bend it into a curve fitting the pulley, and then to
straighten it again.

The following empirical formuliE for the stiffness of hempen ropes
liavu been deduced by Jlorin fiom the experiments of Coulomb:

—

Let F be the stiffness in pounds avoirdupois ; d the diameter of
the rope in inches, n — 4W^ for white ropes and Sfid- for tarred
ropes ; r the effective radius of the pulley in inches ; T the tension
in pounds. Then

For white ropes, F= .^(0-0012-l-0 001026n-fO-00]2T) ,

For tarred ropes, F-iL(0-006-fO-001392re-l-000168T) '

(68).

114. Fridion-Coitplings.—Friction is useful as a means of com-
municating motion where sudden changes either of force or velocity
take place, because, being limited in amount, it may be so adjusted
as to limit the forces which strain the pieces of the mechanism
within the bounds of safety. Amongst contrivances for effecting

this object are frietion-cones. A rotating shaft carries upon a
cylindrical portion of its figure a wheel or pulley turning loosely on
it, and consequently cajiable of remaining at rest when the shaft is

in motion. This jmlley has fixed to one side, and concentric with
it, a short frustum of a hollow cone. At a small distance from tha
pulley the shaft carries a short frustum of a solid cone accurately
turned to fit the hollow cone. This frustum is made always to turn
along with the shaft by being fitted on a square portion of it, or by
means of a rib and groove, or otherwise, but is capable of a slight

longitudinal motion, so as to he pressed into, or withdrawn from,
the hollow cone by means of a lever. When the cones are pressed
together or engaged, their friction causes the pulley to rotate along
with -the shaft ; when they are disengaged, tlie pulley is free to
stand still. The angle made by the sides of the cones with- the
axis should not be less than the angle of repose. Jn the/jiWioji-
elulch, a pulley loose on a shaft has a hoop or gland made to embrace

i it more or less tightly by meana of a screw ; this hoop h.ts short
1 piqjecting aims or ears. A fork or cliileh rotates along -with the

i

shaft, and is capable of being moved longitudinally by a handle.

I

When the clutch is moved towards the hoop, its arms catch those

j
of the hoop, and cause the hoop to rotate and to communicate il^

rotation to the pulley by friction. There are many other con-

,
trivaiicos of the same class, but the two just mentioned may serv^

I for examples.
115. Heal of Friction— L'ngimls.—The work lost in friction is

employed in producing heat. This fact is very obvious, and has
been known from a icmote period ; but the exact determination el

the proportion of the work lost to the heat produced, and the
experimental proof that that proportion is the same under all cir-

cumstances, and with all materials, solid, liquid, and gaseous, are
comparatively recent achievenjcnts of Jonle. The quantity of
work which produces a British uuit of heat (or so much heat as
elevates the temperature of one pound of pure water, at or near
ordinary atmospheric temperatures, by one degree of Fahrenheit)
is 772 foot-pounds. This constnnt, now designated as "Joule's
equivalent," is the principal experimental datum of the science of
thermodynamics.
The heat produced by friction, when moderate in amount, is useful

in softening and liquefyioR thick unguents ; but when excessive it
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!^ prejudicial, ty decomposing the unpiients, aiul kometimos evc:i

ky softening the metal of the bearings, and raising their temperature

M high as to set fire to neighbouring combustible matters.

F-\c«ssive heating is prevented by a constant and copious supply

of a good unguent. The elevation of temperature produced by the

friction of a journal is sometimes used as an experimental test of the

?[Uality of unguents. "When the velocity of i uubing is about 4 or 5

eet per second, the elevation of tempenture has been found by some
recent experiments to be, with good fatty and soapy ungueuts, 40°

to 50" Falir. ; with g"od mineralunguents, about 30°.

116. Rolling Resisiancc.—Xiy the rolling of two surfaces over each

other without sliding a resistance is caused which is called some-

times "rolling friction," but more correctly ruVing resislance. It

is of the nature of a couple, resisting rotation. Its moment is found

by multiplying the normal pressure between the rolling surfaces by

an arm, whoie length depends on the nature of the rolling surfaces,

and the work lost in a unit of time in overcoming it is the product

of its moment by the angular vclocitu of the rolling surfaces rela-

tively to each other. The following are approximate values of the

nrm in decimals of a foot :—
Onk upon oatt -na.-. "OB (Coulomb).

Ufnum vltre on oak 001 ,,

Cast lion on cart iron 002 (Tiedgold).

117. Reciprocaling Forces—Stored and Restored Energy,—Wlicn
a force acts on a machine alternately as an elfoit and as a resistance,

it may be called a reciprocatingforce. Of this kind is the weight of

any piece in the mechanism whose centre of gravity alternately rises

•uil falls ; for during the rise of the centre of gravity that weight

acts as a resistance, and energy is employed in lifting it to an

amount expressed by the product of the weight into the vertical

height of its rise ; and during the fall of the centre of gravity the

wei^'ht acts as an effort, and exerts in assisting to perform the work

of the machine nn «mount of energy exactly equal to that which

had previously been employed in lilting it. Thus that amount of

energy is not lost, but has its operation deferred ; and it is said to

beVorcd when the weight is lifted, and restored when it falls.

In a machine of which each piece is to move with a uniform

velocity, if the elfort and the resistance be constant, the weight of

each piece must be balanced on its axis, so that it may produce

lateral pressure only, and not act as a reciprocating force. But if

the effort and the resistance be alternately in excess, the uniformity

of speed may still be preserved by so adjusting jome moving weight

in the mechanism that when the effort is in excess it may be lifted,

and so balance and employ the excess of effort, and that when the

resistance is in excess it may fall, and so balance and overcome the

excess of resistance,— thus storing the periodical excess of energy,

and restoring that energy to perform the periodical excess of work.

Other forces besides gravity may bo used as reciprocating forces

tor storing and restoring energy,—for gxample, the elasticity of a

spring or of a mass of air.

In most of the delusive machines commonly called "perpetiial

motions," of which so many are patented in each year, and w-hich

are expected by their inventors to perfortn work without receiving

energy, the fundamental fallacy consists in an expectation that

some reciprocating force shall restore more energy than it has been

the means of storing.

Division 2. Deflecting Forces.

lis. Deflecting Force for Translation in a Curved Path.— In

machinery, deflecting force is supplied by the tenacity of some

piece, such as a crank, which guides the deflected body in its curved

path, and is unbalanced, being employed in producing deflexion,

and not in balancing another force.

119. Centrifugal Force.—See p. 682, § 35, and p. 701, § 119.

120. Rectangular Resolution of Centrifugal Force.—Sm J^ 701,

§5 117 and 119.

121. Centrifugal Force of a Bolating Body. — The cciUrifugal

force exerted by a rotating body on its axis of rotation is the same

in magnitude as if the >nass of the body were concentrated at its

fentre of gravity, and acts in a plane passing through the axis of

rotation and the centre of gravity of the body.

The particles of a rotating body exert centrifugal forces on each

9ther, which strain the body, and tend to tear it asunder ; but

these forces balance each other, and do not affect the resultant cen-

trifugal force exerted on the axis of rotation.'

Jf tht mxis of rotation traverses the centre of gravity of (he lody,

Ike centrifugalforce exerted on that axis is nothing.

Hence, unless there be some reason to the contrary, each piece of

fi machine should be balanced on its axis of rotation; otherwise the

centrifugal force will cause strains, vibration, and increased friction,

find a tendency of the shafts to jump out of their bearings.

122. Centrifugal Couples of a Rotating Body.—Besides the tend-

ency (if any) of the combined centrifugal forces of the particles of

' This is a particular ci»» of a more general principle, that the motion

of tlie centre of gravity of a body is not afected by the mutual actions

qf ilspartt, fur the proof of wtticb see p. 718, § 179.

a rotating body to shift the axis of rotation, they may also tend (o

turn it out of its original direction. The latter tendency is calltd

a centrifugal couple, and vanishes for rotation about a principhj

axis (see p. 732, § 237).

It is essential to the steady motion of every rapidly rotating pie -o

in a machine that its axis of rotation should not merely traverse

Its centre of gravity, but should be a permanent axis; for otherwiie

the centrifugal couples will increase friction, produce escillation of

the shaft, and tend to make it leave its bearings.

The principles of this and the preceding section are those which
regulatd the adjustment of the weight and position of the counter-

poises which are placed between the spokes of the driving-wheels of

locomotive engines.

123. Revolving Pendulum—Governois.—In fig. 32 AOrcpresents
an upright axis or spindle; B a weight called a iofr, suspended by roj

OB fiom a horizontal axis at 0, earned
by the vertical axis. When the spindle

is at rest the bob hangs close to it

;

when the spindle rotates, the hob, be-

ing made to revolve round it, diverges

until the resultant of the centrifugal

force and the weight of the bob is a force

acting at in the direction OB, and
then it revolves steadily in a circle.

This combination is called a revolving,

centrifugal, or conical pendulum. Re-

volving pendulums are usually con-

structed with pairs of rods and bobs,

as OB, 06, hung at opposite sides of

the spindle, that the centrifugal forces

exerted at the point may balauce

each other.

In finding the position in which the

bob will revolve « ith a given angular velocity a, for most practical

cases connected with machinery the mass of the rod may be con-
sidered as insensible compared with that of the bob. Let the bob
be a sphere, and from the centre of that sphere draw BH —

y

perpendicular to A. Let OH — i; let AV be the weight of the bob,

F its centrifugal force. Then the condition of its steady revolution

y f y-

.

Fig. 32.

isW : F : : J : y ; that is to say, — —^ consequently

(69).

Fig. 33.

Or, if —— -.

—

-— be the number of turns or fractions of a turn
2r 6 2832

in a second,

g 0-8165 foot 979771 inches ) ,.„,

4ir-n- 71- n' )

z is called the altitude of the pendulum.
If the rod of a revolving pendulum be jointed, as in fig. 33, not

to a point in the vertical axis, but to the end of a projecting arm C,

the position in which the bob will revolve

will be the same as if the rod were jointed

to the point 0, where its prolongation cuts the

vertical axis.

A revohing pendulum is an essential part

of most of the contrivances called governors,

for regulating the speed of prime movers.

The earlier kinds of governors act on the

prime mover by the variations of their alti-

tude. Thus in Watt's steam-engine governor

the rods, through a combination of levers and linkwork C,e, D, <{

(fig. 32), act on a lever EF, which acts upon the throttle-valve for

the admission of steam so as to enlarge or contract its opening when
the speed becomes too small or too great.

In a more recent kind of governors invented by the Messr»

Siemens, which may be

called dijTcrcntialgovcrnors,

the regulation ot the prime
mover is effected by means
of the difference between

the velocity of a wheel

driven by it and that of a

wheel regulated by a re-
_

volving pendulum. Fig.

34 illustrates this class of

governors. A is a vertical

dead-centre or fixed shaft,

about which the after-men-

tioned pieces turn ; is a

pulley driven by the prime

mover, and fixed to a
bevel-wheel, whiiSi is seen * '?

, . .

below it ; E is a bevel-wheel similar to the first, and having the-

same apex. To this wheel are hung the bobs B. of which there are

^i^^J"

/



APPLIED MBCRAKICS.] MECHANICS 769
usually four, although two only are shown. Those bobs foitn

sectors of a ring, and are sunoimJeJ by a cylimlrical casing F.

When the bobs revolve with their proper velocity, they are ad-
justed so US nearly to touch this casing; should they exceed that
velocity, they fly outwards and touch the casing, and are retarded
by the friction. For practical purposes their velocity of r-jtation

about the vertical axis may be considered constant. G, G are hori-

2outal arms projecting from a socket which is capable of rotation

about A, anil cairjing vertical bevel wheels which rest on E and
support C, and transmit motion from C to E. There are usually

four of the arms G, G with their wheels, though two only are shown.
U is one of those arms which projects, and has a rod attached to

its extremity to act on the throttle-valve of a steam-engine, the
sluice of a water-wheel, or the regulator of the prime mover, of

whatever sort it may be.

When C rotates with an angular velocityeqnal and contrary to that
of E with its revolving pendulums, the arms G, G remain at rest

;

but sliould C deviate from that velocity, those arms rotate in oue
direction or the other, as the case may be, with an angular velocity

etjiial to one half of the difference Iwtween the angular velocity of

C and that of E, and continue in motion until the regulator is

adjusted so that the prime mover shall impart to C an angular
velocity exactly equal to that of the revolving pendulums.
There are various modifications of the dilfereutial governor, but

they all act on the same principle.

Division 3. lyorking of Machines of Varying VctociUj.

124. General PriHcipUs.—In order that the velocity of every

piece of a machine may be uniform, it is necessary that the forces

acting on each piece should be always exactly balanced. Also, in

order that the forces acting on each piece of a machine may be
always exactly balanced, it is necessary that the velocity of that

piece should be uniform.

An excess of the etTort exerted on any piece, above that which is

necessary to balance the resistance, is accompanied with accelera-

tion; a deticiency of the efTott, with retardation.

When a machine is being started from a state of rest, and brought
by degrees up to its proper speed, the effort must be in excess

;

when it is oeing retarded for the puniose of stopping it, the
resistance must bo in excess.

An excess of effort above resistance involves an excess of energy
exerted above work perfor.ned ; that excess of energy is employed
in produi ing acceleration.

.\n excess of resistance above effort involves an excess of work
performed above energy expended; that excess of work is performed
by means of the retardation of the machinery.
When a machine undergoes alternate acceleration and retarda-

tion, so that at certain instants of time, occurring at the end of
Intcrrals called prriods or cycles, it returns to its original spcel,

then in each of those periods or cycles the alternate excesses of

'

energy and of work neutralize each other ; and at the end of each
cycle the principle of the equality of energy and work stated in

•ect. 96, with all its consequences, is verified exactly as in the
lase of machines of uniform speed.

At intermediate instants, however, other principles have also to

be taken into account, which are deduced from the second law of

motion, sect. 89, as applied by the aid of the principles of sect. 90,
to direct deviation, or acceleration and retardation.

12.'>. Energy of Acceleration and Work of Retardation for a
Shifting Body.—Let lo he the weight of a body which has a motion
•f translation in any path, and in the course of the interval of

time At let its velocity be increased at* uniform rate of acceleration

from »! to Pj. The rate of acceleration will be

— constant
At

and (p. 698, § 101) to produce this acceleration a uniform effort will

ba required, expressed by

ga.1
'

(Tlte |>rodact— of the mass of a body by its velocity is called

its noTMnlum ; so that the effort required is found by dividing
tlie increase of momentum by the time in which it is produced.)
To find the energy which has to be exerted to produce the acccl-

sration from «, to fj, it is to be observed that the distance through
nrhich the effort P acts during the acceleration is

^oDM^uently, the energy of acceleration is

YJU 2^- . . , (/.),

being intiportional ta the incimaa in tbo a;.<are of Vba veloci.'v r*^' '

independent qf uie time.

E = ^

wv"

In Older to produce a retardation' ha'-a the greater TofocUy r, to
the less velocity i',, it is necessary to apply to the body a resistarue,

connected with the retardation and the time by an equation
identical in every respect with eyuation 71, except by the substitu
tion of a resistance for an effort ; and in overcoming that resistance
the body performs work to an amount determined by equation 72,
pulling Rrfa for Vds.

126. Energy Stored and Restored by Deviations of Velocity.—Thus
a body alternately accelerated and retarded, so as to be brought
back to its original speed, performs work during its retardation
exactly equal in amount to the energy exerted upon it during its

acceleration ; so that that energy may be considered as stored during
tlie acceleration, and restored during the retardation, in a manner
analogous to the operation of a rcciiirocatiiig force (sect. 117).

Let there be given the mean velocity V = ^(i), + 1),) of a body who»
weight is w, and let it be required to determine the fluctuation of
velocity v,-i\, and the extreme velocities r„ r„ which that body
must have, in order alternately to store and restore an amount of
energy E. By equation 72 we have

w{vl - t)J)

~'2g~

which, being divided by V = 4(i;.-(-i-,), gives

_E w{v,-r,)
_

V" g '

and consequently

^-".-1^ (")•

The ratio of this fluctuation to the mean velocity, sometimes i-alled

the unsteadiness of the motion of the body, is

I«rS.?E_ "

V V»w '
'•

127. Actaal Energy of a Shifting Body.—The energy which
must be exerted on a body of the weight w, to accelerate it from a
state of rest up to a given velocity of translation v, and the equal
amount of work which that body is capable of performing by over-
coming resistance while being retardea from the same velocity of

translation t> to a state of rest, is

(7f)

This is called the acliuil energy of the motion of the body, and is

half the quantity which in some treatises is called vis vivn.

The energy stored or restored, as the case may be, by the devia-

tions of velocity of a body or a system of bodies, is the amount by
which the actual energy is increased or diminished.

128. Principle of the Conservation of Energy in Machines.—The
following principle, expressing the general law of the action of

machines with a velocity uniform or varying, includes the law of

the equality of energy and work stated in sect 99 for machines of

uniform speed.

In any given interval during the worhingof a machine, the energy

exerted added to the energy restored is e^ualtothe energy stored added
to the work performed.

129. ^Actunl Energy of Circular Translation— Moment of Inertia.

—Let a body of the weight w undergo translation in a circular path

of the ra'lius p, with the angular velocity of deflexion a, so that the

common linear velocity of all its particles is v—ay. Then the

actaal eneigy of that bodv is

W_5£aV
(76j.

2g _
ig ' '

By comparing this with the expression for tne centrifugal force

{wa-/pg), it appears that the actual energy of a revolving body

is equal to the potential energy Fp/2 duo to the action of the

deflecting force along one-half of the radius of curvature of the path

of the bodv.

The product u-p-/g, by which the half-square of the angular velo-

city is multiplied, is called the moment of inertia of the revolving

bodv.
130. Actual Energy and Moment of Inertia of Rotation—Radius

of Gi/ration.—Sec p. 732, §§ 234-237.

131. Examples of Radii of Gyration.—See p. 733, § 238.

132. Fly-wheels.—A fly-wheel is a rotating piece in a machine,

generally shaped like a wheel (that is to say, consisting of a rin:

with spokes), and suited to store and restore energy by the periodical

variations in its angular velocity.

The principles according to which variations of angular velocity

store and restore energy are the same with those of sect. 126. only

substituting ttumuni qf inertia for viass. and angular for linear

veio' ity.

Let W bo the weight of a fly-wheel, R its radius of gj-ration, o,

its maximum, o, its minimum, and A- 4(o,-foi) its mean anguhu

velocity. Let

1 1-«
1

8 A
XV. - ^7
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denote the unsUadituss of the motion of the fly-wheel; the denom-
inator S of this fraction is called the steadiness. Let « denote "the

quantity by which the energy exerted in each cycle of the working
of the machine alternately exceeds and falls short of the work per-

formed, and which has consequently to be alternately stored by
acceleration and restored by retardation of the fly-wheel. The
value of this periodical excess is

—

e^EBf.Z^ (77).

from which, dividing both sides by A-, we obtain the following
oiioations :

—

± ?!^ 1
^'^ "^

I f78>
R^\VA^ S£

(

^ '

2? ° 2 J

The latter of these equations may be thus expressed in words :

—

The acCiial energy due to the rotation of the fly, with its mean
angular rclocity, is equal to one-half of the periodical excess of
energy multiplied by the steadiness.

In ordinary machinery S = about 32; in machinery for fine

purposes S = from 50 to 60.

The periodical excess e may arise either from variations in the

effort exerted by the prime mover, or fioni variations in the

resistance of the work, or from both these causes combined.

When but one fly-wheel is. used, it should be placed in as direct

connexion as possible with that part of the mechanism where the

greatest amount of the pej-iodical excess originates; but when it

originates at two or more points, it is best to have a fly-wheel in

connexion with each of those points. For example, in a machine-
work, the steam-engioe, which is the prime mover of the various

tools, has a fly-wheel on the crank-shaft to store and restore the

periodical excess of energy arising from tlie variations in tKa effort

exerted by the connecting-rod upon the crank ; and eacl! of tho
slotting machines, punching machines, rivetting machines, and
other tools has a fly-wheel of its own to store and restore energy,

so as to enable tho very different resistances opposed to those tools

at different times to be overcome without too great unsteadiness of

motion.
According to the computation of General Morin, the periodical

excess e in steam-engines with single cranks is from I'jth to nearly

Jth of the energy exerted during one revolution of tha crank.

For a pair of steam-engines driving one shaft, with a pair of

cranks at right angles to each other, the value of e is one-fourth of

its value for a single cranked engine of the same kind, and of the
same power with the two combined.
The ordinary radius of gyration of a steam-engine fly-wheel is

from three to five times the length of the crank-arra. .(For further

particulars on this subject, see Steam-En(;ine.)
For tools performing useful work at intervals, and having only

their own friction to overcome during the intermediate intervals, e

should be assumed equal to the whole work performed at each
separate operation.

133. .BraA&s.—A brake is an apparatus for stopping and diminish-

ing the velocity of a machine by friction, such as the friction-strap

already referred to insect. 112. To find the distance s thrgngh
which a brake, exerting the friction F, must rub in order to stop a
machine having the total actual energy E at the moment when the
brake begins to act, reduce, by the principles of sect. 105, the
various efforts and other resistances of the machine which act at

the same time with the friction of the brake to the rubbing surface

of the brake, and let R be their resultant,

—

positive if. resistance,

negative if effort preponderates. Then

E
°Fh-R

(79).

134. Energy distributed between two Bodies— Projection and
Propulsion.—Hitherto the effort by which a machine is moved has
been treated aa a force exerted between a movable body and a
fixed body, ao that the whole energy exerted by it is employed
upon the movable body, and none upon the fixed body. This
conception is sensibly realized in practice when one of the two
bodies between which the effort acts is either so heavy as compared
with the other, or has so great a resistance opposed to its motion,
that it may, without sensible error, be treated as fixed. But there
are cases in which the motions of both bodies are appreciable, and
must be taken into account,—such as the projection of projectiles,
where the velocity of the recoil or backward motion of the gun
bears an appreciable proportion to the forward motion of the pro-
jectile ; and snch as the propulsion of vessels, where the velocity
of the water thrown backward by the paddle, screw, or other pro-
peller bears a very considerable proportion to the velocity of the
water moved forwards and sideways by the ship. In cases of this
kind the energy exerted by the effort is distributed between the
two bodies between which the effort is exerted in shares propor-
tional to the velocities of the two bodies during the action of the

effort ; and those velocities are to each other directly as tin
portions of the effort unbalanced by resistance on the respective
bodies, and inversely as tho weights of the bodies.

To express this symbolically, let \V„ "W'j be the weights ni
the bodies; P the effort exerted between them; S the distant*
through which it acts ; R„ K, the resistances opposed to the effoit

overcome by W,, W, respectively ; E„ E, the shares of the whoit-

energy £ exerted upon W„ Wj respectively. Then

E : E, : E, 1

. . W„(f- Ri) + Wi(P-R.) P-R, Pj^R. >. . (80).
"" W,Wj \\\ Wj )

If R, = R;, which is the case when the resistance, as well as the
effort, arises from the mutual actions of the two bodies, the above
becomes,

E : E, : E,
:: ^V,-^\VJ: W, : W, (81),

that is to say, the energy is exerted on the bodies in shares inversely
proportional to their weights ; and they receive accelerations in-

versely proportional to their weights, according to the principle o'
dynamics, already quoted in a note to sect. 121, that the mutual
actions of a system of bodies do not affect tho motion of their

common centre of gravity.

For example, if the weight of a gun he ] 60 times that of its ball,

iSf of the encijjy exerted by the powder in exploding will be

employed in propelling the ball, and iJr in producing the recoil ol

the gun, provided the gun np to the instant of the ball's quitting
the muzzle meets with no resistance to its recoil except the Irictioii

of the ball.

135. Centre of Percussion.—It is obnonsly desirable that tlit

deviations or changes of motion of oscillating pieces in machinery
should, as far as possible, be effected by forces applied at their

centres of percussion.

If the deviation be a Irnnslation,—that is, an equal change of

motion^of all the particles of the body,—the centre of percjission is

obviously the centre of gravity itself; and, according to the second
law of niotion, if dv be the deviation of velocity to tie produced in

the interval dt, and W the weight of the body, then

...... (82)
W dv

g
' dt

is the unbalanced effort required.

If the deviation be a rotation about an axis traversing the centre

of gravity, there is no centre of percussion ; for such a deviation

can only be produced by a couple of forces, and not by any single

force. Let da be the deviation of angular velocity to be produced
in the interval dl, and 1 the moment of the inertia of the body; then
ilrf(a')— lorfa is the variation of the body's actual energy. Let M
l>e the moment of the unbalanced couple required to produce the
deviation ; then, by equation 67, sect. 104, the energy exerted by
this couple in the interval dl la iladi, which, being equated to th«

variation of energy, gi-es

M^i^"=5!w.^
at g dt

Now (fig. 35), let the required deviation be a rotation of tlio body
BB about an axis 0, not traversing the centre of gravity G, da
being, as before, the deviation of angular velocity to be produced
in the interval dt. A rotation with the angular velocity o about
an axis may be considered as compounded of a rotation with
the same angular velocity about an axis drawn through G parallel

to and a translation with the velocity a. OG, OG being the-

perpendicular distance between the two
axes. Hence the re<iuired deviation may
be regarded as compounded of a deviation
of translation dv^OO . da, to produce
which there would he required, according
to equation 82, a force applied at G per-
pendicular to the plane OG

—

W OG.
d̂t

(84),

and a deviation da of rotition about an
axis d lawn through G parallel to O, to
produce which there would be required a
couple of the moment M given by equa-
tion 83. According to the principles of
statics, the resultant of .the force P, np- Fig- 35.

plied at G perpendicular to the plane OG, and the couple M is a
force equal and parallel to P, but applied at a distance GC from G.
in the prolongation of the perpendicular OG, whose value is

(85).
M R^

^^ P " OG
Thus is determined the position of the centre of percussion C,
corresponding to the axis of rotation O. It is obvious from thi»
equation that, for an axis of rotation parallel to travepsing C ill*



APPLIED MECHAA'ICS.J MECHANICS 771

centi-e of pcrcnssion is at the jioint where the perpendicular OG
meets O.

136. Impact.—Impact or collision is a pressure of short dnrntion
exerted between two bodies. For the detailed investigation of its

laws the reader is referred to SIeciianics, ii. 719, § 18U sq.

The effects of impact are sometimes an alteration of the distriliu-

tion of actual energy between the two bodies, and always a loss

of a portion of that energy, de|)ciiding on the imperfection of the
elasticity of the bodies, in permanently altering tlicir 6gurc9, «nd
producing heat. The determinatinn of the distribution of the
actual energy after collision and of the loss of energy is clfecteil

by means of the following principles :

—

I. Tlie motion of the common centre of gravity of the two bodies
is unchanged by the collision.

II. The loss of energy consists of a certain proportion of that
part of the actual energy of the bodies which is due to their motion
relatively to their common centre of gravity.

I'nless there is some special reason for using impact in machines,
it ought to be avoided, on account not only of the waste of energy
which it causes, but from the damage wliich it occasions to the frame
ind mechanism.

CiiAPTFB III. Purpo."!t:.^ and EFFEcrs OF Machines.

137. Observing Machines and Working Machines.—The present

chapter must necessarily be limited to some very general observa-

tions on the principal classes into which machines may be divided,

with reference to their purposes and effects, leaving det.ails of par-

ticular examples for treatment under the respective special headings.

Machines may be divided, in the first instance, into two great

divisions, viz. :

—

I. Observing Machines, in which cither the modification of motion
fllone, or the balancing of forces alone, is the object in view,—the

performance of work being either null or incidental, and being
limited to that whifh arises from the resistance of tho machiuc.

II. Jforking jnaehines, in which the performance of work is the

main object.

138.. drissi/tcalion of Observing MucJilncs.—Observing machines
might very properly have been classed as instruments, being de-

signed to aid the human senses and memory in obtaining and
recording information. They may be divided, in the first instance,

into four classes, according .as the subject of observation by their

<»ld is number, measure, or weight, into

—

A. Counting machines.

B. Measuring machines.

C. Copying and drawing machines.

D. AVeighing machines.

And to these may be added a fifth class, in which the fuuctiona of
ihe flnt'four aie more or kss combined, viz.:

—

E. Recording machines.

129. (A.) Counting Machines.—l^he most important as well as the

most common of counting machines are time-keepers, which count
and indicate the numbers of oscillations of bo.lies which oscillate

isoehronously (viz., pendulums forelocks, balance-wheels forwatclies

and marine chronometers) so as to measure time. In constructing

such machines, the objects to be aimed at are the exact isochronisin

of the pendulum or balance, and the equable action of the motive
power, 80 that it shall overcome the Iriction of the niccham'sui

without affecting the rate.

Other counting machines count the oscillations of the beam of a
steam-engine, or the revolutions of the cylinder of a gas-meter or ol

the wheel of a water-meter.

Others perforin addition.s, subtractions, and multiplications, and
of these the most elaborate kind (as, e.g., that of Babbage) conumto
tables of functions by the addition of dill'erences.

140. (B.) Measuring Machines.— Measuring machines arc pieces

of mechanism, by means of which the motion of some body of the
nature of an index through some geometrical magnitude, such as a
distance or an angle, is connected with some other motion, either

equal or greater or smaller in some given ratio, and capable of

being more readily compared with some standard of measure.
To this class belong all those astronomical and surveying instru-

ments in which the motion of a line of sight (generally the lino of
callimation of a telescope) through a given angle is connected with
the motion of an index or vernier round a corresponding arc of a
graduated ciixde ; also those micrometers in which the advance of

the end of a screw of fine pitch is measured by observing the simul-
taneous arc of rotation of a graduated circle attached to it.

Such micrometers have attained increased importance by the
discovery of Whitworth,—that the mechanical magnifying of small
distances by a train of screws affords a more accurate means of

measurement than optical magnifying by the microscope,—and by
the perfection to which that engineer has brought that art of accu-
rate workmanship which is necessary in order to render mechanical
magnifying possible.

Amongst measuring machines are included th* ptalomcters or
olanimtlen of Sang, Moriu, and Cleric ilaxwell, which measure

areas by means of mechanism. The amount of resistance in

a measuring machine should be perfectly unilbrm, and suCSciently
great to prevent accidental forces from disturbing the machine,
without being so great as to render it inconveniently stilf. To
combine these objects requires great accuracy of workmanship,
together with strength anU rigidity in the structui-e of the frame
and mechauisfn.

141. (C.) Coiiying and Drawing Machines.—In copying machines
for enlarging or reducing drawings there is usually a combination
of levers and linkwork connecting a tiacing-point, which is moved
over tlie lines of the original figure, with a di-awing-point, ivhich

draws the copy in such a manner that the velocity ratio of their

motions is a given constant quantity, and that the directions of
their motions make a constant angle.

Mechanism depending for its piiiiciplo on the theory of the
composition of rotations is used to draw ellipses, epicycloids,

epitrochoids, and other curves.

142. (D.) IVeighing Mucliincs.— In weighing machines the motion
of the mechanism is used only for the purjiose that its cessation, or

its becoming an oscillation about a certain position, may indicate the
equilibrium of the forces applied to the machine. Those forces may
either be weights, which are to be compared with each other, or forces

of other kinds, to be compared directly or indirectly with weights.

The machine for comparing weights which is capable of tho
most minute accuracy is also the simplest, being the balance, in

which the equality of two weights is ascertained by their balancing
each other at tlie ends of a lever of equal arms. In the steelyard,

consisting either of one lever or of a train of levers, the unknown
wtight has an uuchangeable point of application, and is compared
with a known weight by shifting the latter along the lever to » hich
it is applied until the machine is balanced ; the ratio of the weights
is then the reciprocal of the velocity ratio of tlieir points of applica-

tion. The steelyard is more convenient for weighing very heavy
loads than the balance, but is not capable of such minute accuracy.

It is essential to accuracy in balances and steelyards that the

friction should be less than the smallest admissible amount of error.

To diminish the friction as much as possible, the axes of motion are

all knife-edges, as they are termed, of steel or hardened ircn, resting

on hard surfaces of hardened iron or steel for ordinary purposes,

and of some hard mineral, such as agate, for scientific purposes.

The weight of a column of fiuid is determined by balancing it

against a column of fluid whose weight is known, as in the

barometer, where tlie weight of a column of tho atmosphere is

balanced agaiust that of a column of mercury.

Weights are compared v.ith each other indirectly, and other

forces compared with weights, by means of their effects in bending
a s[iiiiig,— a convenient method, but not susceptible of minute
accuracy.

The elastic pressure exerted by a fluid may be compared with

weight, either by balancing the pressure against the weight of a

column of a liquid, or by maintaining a piston in equilibrium

against that pressure, by means of a weight pressing it directly, or

of a weight acting through a steelyard, or of the elasticity of a

spring which has lieen compared with weights.

143. (E.) Jleeording Machines.—Recording machines may be

divided into two classes :

—

self-registering instniments, w hich, by the

aid of clockwork, record measurements either of space or of force,

together with the instants of time at which these measurements
Were made ; and dyiutmomctcrs, already mentioned in Chap. II. of

this article, which register measurements of force, together w ith the

sjmce through which it has acted, thus recording energy or work.

144. Working Machines Classed.—The object orpurpose of work-
ing machines is to perforin useful work ; and tlieir classification

relatively to their objects and purposes is founded on the kind of

useful work which they perform. In this point of view they may
be classed as follows :

—

A. Machines for lifting or lowering solid weights.

B. Machines for the horizontal transport of weights, either Com-
bined or not with lifting or lowering.

C. Machines for projecting solids.

D. Machines for lifting tluids.

E. Machines for propelling or projecting fluids.

F. Machines for dividing bodies.

O. Machines for shaping bodies by removing portions of tfatm.

H. Machines for shaping bodies by pressure.

I. Machines for uniting bodies into fabrics.

.1. Machines for printing.

K. Machines for producing sound.

L. Miscellaneous machines.

It is not pretended that the above classification (taken to a con-

siderable extent from the writing of Young and of Babbage)

exdaust* all kinds of mochines ; it is brought forward merely as an

attempt to introduce method to a certain extent into a subject which

would otherwise bo exceedingly confused.

145. {K.) Machines for Lifting and Lowering Solids.—The most

coininon machines of this glass are capstans, cranes, and leindlasstr.
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They are nsunlly worked by manual labour, but sometimes by

liydraulic engines, or by steam-engines. The useful resistance,

when a load in lifted, being the weight of that load, is in general

greater than- the effort exerted by the prime mover, » that the

niecbanism has to be adapted to givhig the working-piece a less

velo.city than the piece to which the effort is applied. In lowering

aolid loads the weight of the load acts as the ellort, and tlie energy

exerted by it is expended in overconjing the friction of a brake iu

order that the speed of descent may not be excessive.

146. (B.) Transporting Machines.—'i\\e mechanism of transport-

ing macliiues consists of two jiarts :—that by wliich the resistance is

diminished, as the wheels and axles of vehicles; and that by which

the resistance is overcome and the load propelled, comprising all

kinds of locomotive and propelling ninchinery. In the jiresent

work transporting machines are treated of in the articles relating

specially to the Vuva of conveyance to which they are applied.

147. (C.) J/af7ii')iM/oci'/o;'fcii/i^,So//rfs.—This class comprehends

all kinds of artillery.

143. (0.) Machinesfor Lifting Fluids.— See HYimoMEcnANirs.
149. (E.) Machinesfor Frojxlling or Projecting Fluids.—Seethe

annie article.

150. (F.) Machinesfor IXciding Bodies.—'Y\t\s class comprehends

all machines for separating ."solid masses into parts, whether by

Jigging, cutting, sawing, grinding, tearing, crushing, jwuncliiig,

pressing out fluids, or otherwise ; and whether ajiplied to eartli,

stones, metals, timber, fruit, grain, fibres, or other materials.

151. (G.) Machines for Shaping Bodies by Removing Portions of

<A<m. --This-'olass of machines to a certain extent resembles the pre-

ceding. It includes machines for cutting, grinding, and polishing

blocks of stone into required figures, and for shaping pieces uf wood,

metal, or other material, whether by turning, to produce sjilierical,

cylindrical, nndother curved surfaces,—by boring, punching, slotting,

or gouging, to produce cylindricil, rectangular, or other orifices and

grooves,

—

hy screw-cutting, hy planing, hy grinding aud polishing,

to produce curved or plane surfaces. The most diHicult and import-

ant of all these operations is to produce a surface truly plane ; an.l

the perfecting of this operation by Whilworth is the most im-

portant step recently made in Constructive Mechanics, or the art of

making machines and instruments. Next in point of difficulty may
ba placed the art of forming the concave reflecting surfaces of great

specula for telescopes, such as those of the Herschels, of Lassell,

and of Lord Rosse.

162. (H.) Machines for Shapi^ig Bodies hij Pi-essure comprehenA,

amongst others, rolling-mills for iron, steam-hammers, wire-

drawing machiue.s, pinmaking and naihnaking machines, coining

and other stamping machinery, brickinuking machines, presses for

{lacking and compiessing, ic.

153. (I.) Machines for Igniting Bodies into Fabrics comprise

spinning machinery, whether applied to ropes, yarn, or thread,

weaving machinery of all kinds, papcnnaking machinery, felting

niachinery, ami sewing machinery.

151. (.1.) Machines for Printing are u^ed to apply either colouring

matters or matters for discharging colour to paper, cloth, and other

materials.

155. (K.) Machinesfor producing Sound.—See Acovsxjcs and
Music.

156. (L.) Miscellaneous Machines.—Tliere are numerous machines

which iierform processes, especially iu the preparation of textile

fabrics for the market, which it would be almost impossible to claas.

Etamples of such machines will be found by leferring to the articles

relating to the various branches of manufacture.

Chapter IV. Applied Energetics, oa Theort of Prime
Movers.

167. Prime Movers in general— Their Efficiency.—Prime movers,

or receivers of power, are those pieces or combinations of pieces of

mechanism which receive motion and force directly from some
natural source of energy. The point where the mechanism belong-

ing to the prime mover ends and that belonging to the train for

modifying the force and motion begins is somewhat arbitrary ; in

general, however, the nLechanism belonging to the prime mover may
be held to include all pieces which regulate or a.ssist in regulating

the transmission of energy from the source of energy. Thus, in the

ordinary rotative steam-engine, the crank-shaft belongs to the prime

mover, because it carries the eccentric which moves the valves and
the fly-wheel which stores and restores the periodical excess of

energy of the engine, and drives the governor (when there is one)

whicli regulates the admission of steam.

The useful work of the prime mover is the energy e.xerte<1 by 5t

npon that piece which it directly drives ; and the ratio which this

bears to the energy exerted by the source of energy is the efficiency

of the prime mover.
It is often convenient to divide the prime mover into sections,

and resolve its efficiency into factors, eacn factor being the efficiency

of one of those sections. Thus the efficiency of a steam-engine may
be-resolved into the following factors:

—

Efficiency of (he furnace and boiler,—being the proportion of the

total heat of combu.stiou of the fuel which takes effect iu heating

and evaporating the water.

Efficiency of the steam in driving Ou piston,—being the proportion

of the energy exerted by the steam on the piston (callea the tnd:'-

catcd energy or power, as being measuied by an indicator) to thi

mechanical equivalent of the heat received by the water.

Efficiency of the vxechanimnfrom thepiston to tlie crank-shaft inclu-

sive,—being the proixji tioii of the effective energy transmitted by the

crank-shaft to the indicated energy.

The product of those three factois is the efficiency of the engine
as a whole.

In all prime movers the loss of energy may be distinguished into

two parts,—one being the unavoidable eflfect of the circunrstances

under which the macnine necessarily works in tlie case under con-

sideration ; the other the effect of causes which are, or may be,

capable of indefinite diminution by practical improvements. Those
two pal ts may be distinguished as neeessai-y loss and waste.

The efficiency which a prime mover would have under given

circiimstanceB if the waste of energy were altogether prevented, and
the loss reduced to necessary loss alone, is called the maximum or

the theoretical efficiency under the given circumstances.

For some prime movers there is a coniliination of circumstances

which makes the theoretical efficiency greater than any other com-
bination does. The theoretical efficiencv under those circumstances

the absol.ite maximum efficiency.

The duty of a prime mover is its useful work iu some given unit

of time, a.s a second, a minute, an hour, a day. In some cases,

such as that of the work of animals, the duty can be ascertained,

while the efficiency can only be infened indirectly or conjecturally

from the want of precise data as to the whole energy expended.'

58. Sources of Energy Classed.—The sources of energy used in

practice may be classed as follows ;

—

A. Strength of men and animals.

B. Weight of liquids.

C. tlotiou of fluids.

D. Heat
E. Electiiiity on4 magnetism.

159. {.\.) Strength of Men arui Animals.—The mechanical daily

duty of a man or of a beast is the product of three quantities—the

eflbrt, the velocity, and the number of units of time per day during

which w ork is continued. It is well known that for each individual

man or animal there is a certain set of values of those three

qu.antities which make their product, the daily duty, a maximum,
and that any departure from those values diminishes the daily

duty. Attempts have been made to represent by a formula the law

of this diminution ; but they have met with imperfect success. That
which agrees on the wh<Se best with the facts is the foimula of

Maschek, wliich is as follows :— let P, be the effort, V, the velocity,

and T, the limj of working per day, which give the maximum daily

duty, and let P, V, T, be any other set of values of those quantities

;

then

hhh' ^''^-

One consequence of this formula is, that the best time of working
per day for men, and for all animals, is mie-third part of a day, or

eight hours,—a conclusion iu accordance with experience.

The best effort P„ and the best velocity V„ are much less certain,

—

the difficulty of determining tjieir true mean values for particular

species being rendered very great by the differences, not only between

individuals, but between races or varieties of the same species.

The following table of values is proposed by Maschek as approxi-

mately true :

—

Animals.
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MEC'HITHAfilSTS, a coBgiegatiou of Armenian monks,

in communion with tlie church of Tionie, which has enjoyed
papal recognition since 1712. Its founder Mechithar, or
Mechitar da Pietro, a native of Sebaste (Sivas) in Armenia,
was born ou February 7, 1676; his original name was
Manuk, which he exchanger! for that by which lie was
subsequently known ("Comforter") when he entered Che
cloister of the Holy Cross iu his native town. In the
pni-suit of knowledge he visited various seats of learning
iu Armenia, and in the years 1691, 169G, and 1699
respectively he attained the office of deacon, priest, and
vartabed or doctor in theology. Having removed to
Constau^tiuople, he founded there iu 1701 a religious
institute for the intellottual, moral, and spiritual elevation
of Ills countrymen, and for the cultivation of their languagq
and literature. In 1703 sectarian jealousy obliged him
to retire to the Morea, where he ultimately found a
settlement at Modon, and built a cloister and church
(1706-S). The outbreak of hostilities between the Turks
and Veuetians in 1715 compelled him to take refuge in
Venice, where iu 1717 he received from the senate the
island of San Lazzaro, whichever since has been the home
of his order. Mechithar, who died on April 27, 1749, was
the author of a Grammatica Armeiia, printed in 1770, of
an Armenian Lexicon, printed in 1744, of an Armenian
translation of the Bible, printed in 17.34, and of several
commentaries on Biblical books. The order of Mechi-
tharists, which, as already mentioned, received formal
recognition (from Clement XI.) in 1712, uses the Armenian
language and the Syrian rite; its rule resembles the
Benedictine, prominent among the duties of its members
being the proclamation of tlie gospel and the diffusion of
good literature. They have accumukted at San Lazzaro a
large_ library, specially rich in Armenian MSS. ; and their
linguistic attainments are considerable. Among their
services to the cause of learning may be mentioned, in
addition to the preparation of critical tests of the Armenian
classics and of the Armenian version of the Bible, the
publication in old translations of various works of Ephraem
Syrus, Philo, and Eusebius, of which the originals have
been lost. There are establishments belonging to the order
elsewhere in Italy (Padua), as well as in Russia and
Turkey, in Paris, in Austria-Hungary, and in Germany.
Of these the most important is that of Vienna, which has
existed smce 1810, and has become a sort of leanped
"academy," receiving honorary members even from beyond
the pale of the Roman CathoUc Church.
MECHLIN, or Malines, a city of Belgium, in the pro-

vince of Antwerp, on the river Dyle, about 14 miles north
of Brussels. The general aspect of the town, belted by
a fine avenue of trees, with well-built houses, extensive
gardens, and broad airy streets and squares of proverbial
cleanliness, is pleasing to the eye; there is, however, a
lack of life and motion, a repos"e bordering on stagnation;
and the area occupied by the town is much too extensive
foi the population. Mechlin was for many centuries, and
is to this day, the religious metropolia of Flanders, and its

monnments and curiosities are in general of a sacred
description. Among the most remarkable is the cathedral
church of St Rombold or Rombaut, mainly built in the
latter half of the 14th century ; the square massive tower,
rising 300 feet high and bearing four dials, each 48 feet
in 'diameter, is visible from all the country round. The
interior proportions of the edifice are grand, and it contains
some fine works of art—statues of the apostles, standing
against the pillars of the nave, Vandyck's picture of the
Trucifiiion, the Adoration of the Shepherds, by Erasmus
Qaellin, and others. The church of St John possesses
a celebrated triptych of Rubens, and aoother by the same
master is to be seen at Notre Dame. The "Halle" or

market still retains some vestiges of the splendid palace
raised on the site by Charles V. in 1530, and on the chief

market-place is a monument erected to Margaret of Austria,

daughter of the emperor Maximilian. Mechlin is an
archiepiscopal see, occupied by a cardinal, primate of
Belgium, deriving his spiritual power from Rome, and
quite independent of (at times even openly opposed to)

the civil Government. His palace is the headquartei-s of
the Catliolic party, and the seat of considerable moral and
political influence extending over every parish in the land j
the university of Louvain, the Catholic scliools, more tLuii

four thousand in number, and the great seminary of
Mechlin, tiie nursery of the Belgian priesthood, are entirely

under tlie direction of the archbishop. The industrial

activity of the town, formerly very great, has constantly
decreased in the present century, and is now almost extinct.

The important corporation of weavers was scattered by
the i)olitical troubles of the 15th and 16tli centuries; and
the lace trade has gradually been transferred to Brussels
and other towns. There still exist a few special manu-
factures, those of carved oak furniture, straw chair?,

and wool aud linen tissues being among the foremost j

some tuiiyards and breweries are also to be found, and
the means of communication furnished by the Dyle supply
a tolerably brisk market in com, oils, flax, hemp, and hops.

As a railway station Mechlin possesses peculiar importance,
being u junction of the chief Belgian Government lines and
the great central workshop for constructing and repairing

the rolling-stock. The population of Mechlin in 1880 was
42,381.

llechlin appears to hove been about the 8lh century a mere
group of cabins surrounding a noted monastery where St Kombaut,
now the patron saint of the town, suffered martyrdom on the 24tli

of Jons 775. After having belonged to the first prankish
monarchs, it was given by Pippin the Little to his relative Aden,
and passed, at the commencement of the 10th century, under the
dommioQ of the bishops of Liege, iu whose name it was governed
by the powerful house of Berthold until the year 1333. TrVlicn tbia

family became e.xtinct, Mechlin and the surrounding district were
divided in two portions and sold by the bishops to the duke of

Prabant and the count of Flanders, the former of whom, ten years
later, once more united the whole territory under his own sway.
By the marriage of Margaret of Brabant with Philip the Bold,
Jlechlin was brought imder the sceptre of the house of Burgundy,
whose fate it shared from that time. Stormed by the French in

1572, by the prince of Orange in 1578, by the English in 1580, the
town suffered much during the wars of the 17th and 18th centuries.

Napoleon I. had its fortihcations razed in 1804, and made it the
capital of the French " Departemeut des deux Nethes " until 1814,
when it was comprised in the kingdom of the Netherlands, and it

finally became part of Belgium iu 1830.

MECKLENBURG, a territory in North Germany, on
the Baltic Sea, extending from 53° 4' to 54° 24-'. N. lat.,

and from 10" 35' to 13° 57' R long., corresponds with

tolerable closeness to the old lower Saxon province of the

same name, and is now unequally divided intothe two grand-

duchiesof Mecklenburg-Schwerin and Mecklenburg-Strelitz.

These are so closely related in history, political organiza-

tion, natural features, and general development that it is

convenient to treat them in a single article.

Mecklenbdrg-Schwerin, the seventh state of the

German empire in size and the eighth in population, is

bounded on the N. by the Baltic Sea, on the W. by tlm

principality of Ratzebnrg and Laueuburg, on the S. by
Brandenburg and Hanover, and on the E. by Pomerania
and Mecklenburg-Strelitz. It embrpces the duchies of

Schwerin and Giistrow, the district of Rostock, the prin-

cipality of Schwerin, an^ the barony of Wismar, besides

several small "enclaves" in the adjacent territories. Its

total area is about 5117 square milea
Mecklesbcbg-Streutz, the eleventh state of the

German empire in area and the nineteenth in population,

consists of two detached parts, the duchy of Strelitz on the
east of Mecklenburg-Schwerin and tb.o orincipality of
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Rahebarg on the west. The first of these is bonnded by
Mecklenburg-Schwerio, Pomerania, and Brandenburg, the

second by Mecklenburg-Schwerin, Lauenburg, and the

territory of the free town of Lubeck. Their joint area is

112G square miles.

Mecklenburg lies wholly within the great North-European

plain, and its flat surface is interrupted only by one range

of low hills, intersecting the country from south-eist to

north-west, and forming the watershed between the Baltic

Sea and the Elbe. Its highest point, the Helpter Berg,

is 580 feet above the sealevel. The cuast-line runs for

C5 miles along the Baltic (without including indenta-

tions), for the most part in flat sandy stretches covered

with dunes. The chie^ inlets are the bays of Wismar,
Grosse NViek, Salzhaff, and Kroy, and the roads of Warne-
miinde. The rivers are numerous though small ; most

of thera are affluents of the Elbe, wliich itself traverses

n small portion of Mecklenburg. Several of the streams

are navigable, and the facilities for inland water traffic

are increased by a tolerably extensive system of canals.

Likes are very numerous; about four hundred of fair size,

covering an area of 500 square miles, are reckoned in the

two duchies. The largest is Lake Miiritz, 52 square miles

iu extent. The climate on the whole resembles that of

Great Britain, but the winters are generally more severe
;

the mean annual temperature is 48° F., and the annual

rainfall is about 28 inches. Although there are long

stretches of marshy moorland along the coast, the soil

IS on the whole productive. According to the official

leturns of 1878, about 57 per cent, of the total area of

Mecklenburg-Schwerin consisted of cultivated land, 17

per cent, of forest, and 13 per cent, of heath and pasture.

In Mecklenburg-Strelitz the corresponding figuies were

48, 20, and 9 per cent. Agriculture is by far the most
important industry in both duchies. The following table

shows the areas and products of the chief crops in 1880 :

—

Cro[».
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anee.of aboat 250 students. In 1860-81 only 0-5G per

cent, of the recruits in Jleckleuburg-Schnerin were unable

to read and write tlieir names, wliile all the rcL-ruits in

Mecklenburg-Strelitz were able tu do both. The pre-

dominant confession in Mecklenburg is the Lutheran,

which is professed by both the grand dukes. The propor-

tion of Ronjan Catholics, Jews, and members of the IJc-

formed Church is insignificant, 'ihe ultimate spiritual

autliority is exercised by consistories ut Schwerin and
Strelitz. Mecklenburg also contains a fait share of learned

societies and benevolent institutions. The supreme court

of appeal for both duchies, in all criminal and civil cases,

is at Ilostock.

Tiie population of Mecklenburg-Scliwcrin in 1861 was
.548,149; in 1871, 557,707; in 1875,553,785; and in

1860, 577,055. The capital is Schwerin (30,140 inhabi-

tants), but the most important town is Rostock (36,9(37

inhabitants). The population of Jlecklenburg-Strelitz in

1801 was 99,000; in 1871, 90,982; in 1875, 95,673; in

1860, 100,269. The chief town is Neu-Strelitz. About
71 per cent, of the inhabitants are engaged iu agricultural

pursuits.** The proportion of the rural to the urban popu-

lation is as^3 to 1, or exactly the reverse ratio to that in

the neighbouring Prussia. The peasantry of Mecklenburg
Btill ; retain ^ numerous traces of their Slavonic origin,

especially in their speecli, but thsir peculiarities have been

much modified by amalgamation with the German colonists

who settled within this district at various times. The
townspeople and nobility are 'almost wholly of Saxon
strain. The slow rate of increase in the population of

Mecklenburg is chiefly accounted for by the constant streani

of emigration. Between 1870 and 1880 the two duchies

contributed iu the highest pro[)ortion to the emigration

from Germany. Out of 595,151 German emigrants who
sailed from Bremen, Hamburg, Stettin, and Antwerp
within that period, 24,570 came from Mecklenburg-
Schwerin and 2481 from Jlecklenburg-Strelitz, reiiresent-

ing respectively 4 '38 and 252 per 1000 inhabitants as the

yearly average. Probably another cause of the slow growth
of population is to be sought for in the difficuUics thrown
in the way of the marriage of the peasants by the semi-

feudal character of their tenure. It is a significant fact

that in 1880 the proportion of illegitimate births in the

two duchies amounted to 14 per cent, as compared with

9 per cent, in the entire German empire.

HidOTij.—The VanJaU, who in the time of Tacitus occupied the
region now known as Mecklenbnig, were succeeded in the 6th cen-

tury by a Slavonic race. Though partly conquered by Charlemagne
in 789, this people soon regained their independence, and long

offered a successful resistance to all attempts on the part of tlie

German emperors to overcome and Christianize them. At last, in

1160, Duke Henry of Saxony made himself master of the country.
The native prince was, however, permitted to retain his sovereignty,

^nd has transmitted to his descendants and successors of the present
<Iay the distinction of being the only ruling princes of Slavonic
origin in Germany. In 1160 he was raised by the emperor Frederick
I. to the dignity of a prince of tlie empire. From 1202 till 1227
Mecklenburg was under Danish supremacy ; and in 1229, two years
after its restoration to Germany, tliere occurred the first of a long
series of divisions of the territory, which, witli subsequent reunions,
constitute so much of its complicated history. In 1348 Charles IV.
inide Mecklenburg a duchy. In 1523 the trials and commotions
springing from the rivalry and jealousy of two joint rulers incited
the prelates, nobility, and burghers to form a union among them-
selves, the effects of which arc visible to the present day,—most
prominently in the existence of the common Landes-Union. The
Reformation was welcomed by the inhabitants of Mecklenburg in
1524 ; and about 1555 nearly all the monasteries were suppressed.
In 1621, when a new partition took place, the town of Postock
"with its university and high court" was declared to be held in
-common. The diet also retained its joint character, and henceforth
alternated between Sternberg and Malchin.

In the Thirty Years' War both Mecklenburg-Schwerin and
Mccklenburg-GUstrow—as the parts were then called—incurred the
suspicion of the emperor, who secretly sold them to Wallenstein,
and expelled the dukes in his behalf. They were reinstated, how-

ever, by Gustavus Adolphus, and at tlie peace of Prague in 1635
tlicy both made their peace with the cnipeior. At the peace
of Westphalia Hostock and sonic other jiaits of Jleckleuburg teiii-

tory wcregiven in jiledge to Sweden, and they were not redeemed
till 1803. The suflciings ot the Mcckleiibnig [icasantry during tlio

Tliiity YcaiV War were exceeded in no other pait ot sorely-tried

Germany. « Jlost were reduced to sertdoDr through iioverty ; in somo
cases whole villages utterly vanished. In 1895 the WeckUnburg-
Giistrow line became extinct ; and, after some contfnliyn between

the brother and the nephew of the last duke of Mecklenburg-
Schwerin for the vacant succession, the "ilambuig Division"
(March 8, 1701) apportioned to each shares that are represented

by the present duchies. The aflixes Schwerin and Strelitz are

derived from the capital towns of the two dukes.

Mecklenburg-Schwerin began its new independent existence by a
series of constitutional struggles between its nobility and its rulers.

The heavy debt incurred by Charles Leopold, who had joined Kussia

in a war against Sweden, broi gbt matters to such a pitch that in

1728 the emperor Charles \'I. deposed the duke in favour of hii)

brother Christian l.onis. Vndcr this iniiice, the " Rostock Con-
tract," which is still the basis of the conslitntion, was framed in 1755.
During the Seven Ye.irs' War Jlccklenlmrg Schweiiii asbumed a

hostile attitude towards Frederick the Great; and was in conse-

quence occupied by rrussian troops. In 1806 it was oveiinn by
the French, and in 180S it joined the confederation of the Khiiic.

The duke, however, though lie assisted Najiohon in 1812, was
the first member of the confederation to renounce it, and in the
following year his troojis fought against I'lancc and Denmark, On
joining tho Germanic conledcration he assumed the title of grand-
duke, with the style of royal highness. In and alter 18J8 the

duchy witnessed a considerable agitation in favour of a new and
more liberal constitution, but the subsequent reaction rescinded all

the concessions that had been made, and reduced matters to their

former fcud.il condition. In 1819 and 1820 serfdom and personal

bondage were abolished, and various slight ameliorations of the
state of the peasantry have since been introduced.

Jlecklenburg-Strelip! adopted tlie constitution of the sister duchy
by an " Agnilions-Act " in 1755. In 1806 it was spared the inflic-

tion of a I'lench occupation through the interest of the king of

Bavaria; but in 1S13 it was mulcted in the sum of two million

thaleis for the French army. In 1808 it entered the Rhenish con-

federation, but i'C|iudiated it in 1813 and joined the alliance against

Xapolcon. In 1815 the duke assumed the title of giand-duke.

Authorities.—Boll, Geschifhte Me<lletiUn-g$^ 16.'>5 ; Kizze, Vo'isuirlHsrhfj/Hiebe

7i"tdiiffe in Meckltitbui'j, 1861; Jioll, Abrisf dcr Mfcklti.burg^r LaiidfSkuiiJe\

lloger, Toporjraphifilies J/niifibiich /.(t. (jro^fhfrti^f^lhvincr ilecklet'butg Schtcfttn

vnd MitklenburriKlielilz, Kiel, 1881 ; tlic offlclal Slaatskaleiider, piiblislicd

iinnunlly; tha Jteitiage lur .^lalisHk Meekltnbuigs, published by the StuIlsticoJ

Office ut ScliMerin; Johi bi'> /it dt% Veteitn Juv J/,ck eiittirgisebe Gr^ehi-litr,

IS'JGISS:;. l-oi- tlic recent constitutional slrugKlcs scl-IIic various vorl s of Al.

Wigetrs, tlie most prominent leadLi of the den.ociatic faity. (J. K JI.)

MEDALS. See Numismatics.
^lEDEA, the daughter of itietes, king of the Colcliiana,

who were believed to be of Egyptian descent (Herod., ii.

104), and are said to have found a settlement on tlie cast

of the Euxine and to the Eout'i of the Caucasus. Medea
was one of the "wise women" (witches or sorceresses) of

antiquity, and perhaps, like Helen, was a human embodi-

ment of some goddess connected with Eastern element-

worship, possibly with Hera. For the story of berlove for

Jason the Argonaut, and of the revenge she took for his

desertion of her for another bride, a Corinthian princess,

Glance, daughter of Creon, see ArGoxauts and Jason. A
more interesting inquiry is tho origin of the tale, and its

connexion with solar myths.

The legend of the Argonautic expedition is a very

ancient one. It is alluded to in the Oilyssey (xii. 70), in

more than one passage of jEschylus,' and is given nt

some length in the fourth Pythian ode of Pindar, the close

agreement of which with the Alexandrine compilation by
Apollonius Rhodius, entitled Argonautira, in four books,

shows that, according to the general law of mythology,,

the main features of the legend differed but little. The
original story, it is probable, was contained in a still older

epic poem called 17 Mnaa? ttoi'tjo-is, the authorship of which

was ascribed to Prodicus of Phocaea.'' ^_
The "Golden Fleece," in quest of which the adventurer;

' He alludes to Phineus and the Ltmnia facivora (Eum. 50 ; Cho.

620), and there were plays composed by him on both, these subjects.

' Pausan., iv. 33, 7. He quotes from it two hexameter verses i~

X. 28, 2.
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made a voyage from the liome of Jason, lolchiis in the

Thessaliaii Magnesia, is virtually identical with the fiery

robe which Jledea prepared for her rival Glauce, the new

bride, with the Homeric "aegis," and with the garment

smeared with phosphorus which was sent by Deiaiiira to

Hercules, and burst into a flame when brought near to a

sacrificial fire.* Jason, as the story went, was not allowed

by the guardian of the fleece. King yEetes, to approach it

till he had performed a certain task in putting to the yoke

fire-breathing bulls, which lie effected by the aid of Medea.

The bidl is a well-known symbol of the sun, and it occurs

in the bull-slaying group representing the Persian sun-god

Mitliras. Again, the slaying of a father by a son (the old

sun killed by the new one) is seen alike in CEdipus having

caused the death of his father Laius, in .(Eson, the father

of Jason, having been restored to life by the magic arts of

Medea, and in Pelias having been killed and boiled in a

caldron by his own daughters at the instigation of the

sorceress. Lastly, the legend that Medea was herself the

granddaughter of the Sun, and that she escaped in a car

drawn by Hying dr.agons, given to her for safety by her

grandsire,^ equally tends to prove that the whole story is

of solar origin, and can be e.xplained on that theory

alone.

This, indeed, lias been well stated by Sir G. W. Cox.'

Ihe "dragon chariot is simply the chariot of Indra,

Helios, and Achilles ; and it is drawn by dragons because

*,he word denoted simply beings of keen sight, and was

Naturally applied to the creatures which may be supposed

to bear the sun across the heaven."

In all these legends about the sun the performance of

certain imposed "toils" or labours is included, the idea

expressed being the hard necessity of the sun going his

daily course in the appointed time in spite of thickening

Btorm-clouds and opposing powers of darkness, through

which he has to figlit his way, both visibly above and
invisibly underneath the earth. Thus Hercules has Lis

twelve labours (the number corresponding to the lunar

months), while Jason is not ouly required by his uncle

King Pelias to bring the golden fleece, but is commanded
by yEetes to tame the bulls as a condition of obtaining it.

The name MTjSfia may possibly be referred to /u»j8co-Sa(,,

"to care for," as Jason may contain the root iacr^ai, " to

heal," which 'n the meaning that Pindar attaches to it,^ or

to loy, the violet-coloured dawn, as in locaste, lamos, and
Iulau9.^ In his relation to the snake, which guarded the

fleece, and to the dragons' teeth which he sowed on the

ground ploughed by the fiery bulls, compared with the

serpent entwining the staff of the healing god Asclepius,

we see that almost invariable connexion that subsists

between solar and phallic worship." This view is confirmed

by the "ship Argo," one of the many sexual symbols of

C'lpshaped and boat-like form.' It is the "ship" which
was the Teutonic symbol of the goddess Isis.*

The ctistlnf; literature on the love of Medea for Jnsoii shon-a bow
popular was the story iu antiouity for its pathos anJ its sentimen-
tality. Thus the Ucdca of turipiiles was rendered by Ennius

;

Neophron of Sicyon and Melanthius ' wrote plays of the same name
;

we have the long and fine Pythian ode of Pindar, already referred'
to, the touching epistle "Medea Jasoni" in the //c™irff,»of Ovid, and
the interesting, beautiful, and too little read Argonaulka of
Apollonius.

Of course, the similarity of the names M^Soi and M^Scia led to

' Soph., Track., 765.,
» Eur.. Med., 1321; Hesiod, Theog., 958.
' Mythology and Folklore, p. 264; see also Mythology of the Aryan
,</;mi« nti 9in .191 ?i9a '

luyutoiogy ana roiKiore

yutions, pp. 240, 384, 388,
• Pylh., iv. ]19.
• Cox, Art/an Myttiology, pp. 244, 385
• Cox, ibid., p. 363.
' Aryan Mythology, p. 104 and 354
» Tac, Qerm., 9. • Ar,, Pac, 1012.

etymological speculations on the idrntily of the nomHiclnture^-aha
one Medus, a son of Medea, was believed to have been an eponym
hero." The author of the compilation known as Hcsiod's yAcojonw
says that MeJeus was a son of Medea by Jason," and was brought
up, as Jason liimself had been, by Chiron in the mountains.
Kuripidcs assigns but two cljiklren to Medea and Jason,'* and
Apollodorus'' gives their names as Mernierus and Pheies. " "
MEDELLIN, a town of Colombia, South America^

capital of the state of Antioquia, is situated at a height of

4845 feet above the sea, in the valley of the Rio Porce, a

right-hand tributary of the Rio Cauca, and, though 100
miles from tlie confluence, not more than 16 miles east

from the valley of the larger stream. ^It is a clean and
well-built place, but has no public Tjuildings of note.

Though the population is estimated at 14,000, there is no
great activity except on the usarket days, twice a week,

when the buyers and sellers flock in from the country.

See Fr. von ^chenck in Petermanii's Midheil., 1880.

MEDFORD, a town of the United States, in Middlesex
county, Massachusetts, at the head of navigation on Mystic
river, and 5 miles north-west of Boston by a branch of the

Boston and Maine Railroad. It is a. busy place, with %
considerable variety of manufactures—woollens, carpets,

buttons, bricks, leather, <tc. Tufts College, situated near

the town on Walnut Hill, was founded by the Univer.'^alists

in 1853, and named in honour ot Charles Tufts, the donor
of the 70 acres occupied by the building and its grounds.

The endowment amounts to more than 81,000,000.
The population of Medford was 5717 in 1870 and 7537
in 1880.

MEDHURST, Walter Henry (1796-1857), one of the

most distinguished Protestant missionaries to the Chinese,

was born in London in 1796. His education began at St

Paul's Cathedral school. As he grew up,- he learned the

business of a printer ; and, having become interested in

missions to the heathen, he sailed in 1816 for the London
Missionary Society's station at Malacca, which was likely

to be a great printing-centre. His linguistic powers soon

showed themselves. He became proficient in JIalay, in a

knowledge of the written characters of Chinese, and in the

colloquial use of more than one of its dialects. He was
ordained at Malacca in 1819, and was -n all missionary

labours " more abundant,"-—first at Penai.g, then at Ba-

tavia, and finally at Shanghai. To give only the names of

his various works, some in English, some in Chinese,

,would take a considerable space. A dictionary of one of

the FuhKien dialects is Btill valuable; and his Chinese-

English and English-Chinese dictionaries (Batavia, 1842)
are more complete and reliable than any earlier or later

works of the same kind. After the conclusion r.f the first

English war with China he reniQved to Shanghai in 1843,

and there he continued till 1856, laying the foundations,

broad and deep, of a successful mission. His principal

labour for several years, as one of a committee of delegates

of whom he was facile princeps, was in the revision of

existing Chinese versions of the Sacred Scriptures. The
result was what should be called a new version of the

Bible, marvellously correct in idiom, and faithful to the

meaning of the original. The university of New York
conferred upon him in 1843 the degree of D.D. Medhurst

left Shanghai in 1856, with several members of his family,

to try the effect of a visit to England for his failing hcaltli.

He died, however, two days after reaching London, on the

21th January next year. Strong, sprij;litly, versatile,

and genial, he nas a man of extraordinary gifts and
generous soul. No efforts (and many were made) could

draw him from his devotion to the work of missions.

MEDIA. See Persia.

'" Pausan., ii. 3, 8. " Throg., 1001.
'• AiTTyxos Ifovi}, V. 113C. Hence in 969 tlie dual is used, fiVcA'

9it^t. " Dill., i. 9, 28.
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MEDICAL JURISPRUDENCE, or, as it i3 now more

usually termed, Forensic JIedicine, is that branch of

state mediciue which treats of the application of medical

knowledge to the purposes of the law. The term medical

jurispmdrjnce, though sanctioned by long usage, is not an

appropriate one ; since the subject is, strictly speaking, a

branch of medicine rather than of jurisprudence ; it does

not properly include sanitation or Hygiene {q.v.), both

this and medical jurisprudence -proper being distinct

branches of state medicine. The connexion between

medicine and the law was perceived long before medical

jurisprudence was recognized, or had obtained a distinct

appellation. It first took its rise in Germany, and sub-

sequently, but more tardily, received recognition in Great

Britain.

Forensic medicine, or medical jurisprudence proper as

distinguished from hygiene, embraces all those questions

which bring the medical man iufo contact with the kw,
and embraces (1) questions affecting the civil rights of

individuals, and (2) injuries to the person.

L Questions. Affecting the Civil ou Sociai, Rights
OF Individuals.

1. Development of the Human Frame.—The develop-

ment of the physical and mental powers of the human
being is a matter of the highest importance, and is a factor

of great consequence in determining criminal responsibility,

civil responsibility, or the power of giviag validity to civil

contracts, and in determining the personal identity of a

living person or of a corpse. Human life is usually di-

vided into the five periods of infancy, childhood, youth,

manhood, and old age. Some writers increase the number
of these, unnecessarilv, to seven periods, without any prac-

tical advantage.

Infancy is the period from birth till the first or milk
set of teeth begin to be shed—usually about the seventh

year. During this period the body increases iu size and
stature more, relatively, than at any other period of esist-

ence; and the mental faculties undergo great develop-

ment The milk teeth, twenty in number, are evolved in

a definite order, beginning with the central incisors at

about six months, and ending with the second molars about

the termination of the second year. From the size and
stature of the body, the development of the teeth, and the

more or less advanced state of ossification or solidification

of the bony skeleton, conclusions may be drawn as to the

probable age of the. infant.

Childhood extends from tlie commencement of the shed-

ding of the milk teeth to the age of puberty—usually from
the seventh to the fourteenth or fifteenth year. During this

period the body expands, as well as the bony structures,

without any clearly marked difference in structure being

observable between the sexes except as regards the genitals,

so that it is impossible to distinguish absolutely between
the male and the female skeleton during this period. The
milk-teeth are shed, and are replaced by the second or per-

manent set, thirty-two in number, though these do not usu-

ally all make their appearance during childhood. Marked
differences between the proclivities of the sexes are notice-

able even at an early period of childhood, and long before

ths characteristic functions begin to be developed.

Youth is marked at its commencement by the changes
which occur at puberty—the development of the genitals

in both sexes, the appearance of hair on the genitals,

the appearance of a beard in the male, the development of

the breasts in the female, the appearance of the monthly
flow in the female, and the ability to secrete semen in the

male. Marked mental chnngee now occur, and the genera-

tive functions are pertectej. Youth terminates at tha tge

of legal majority, twenty-one years ; or perhaps the pehoo
ought to be extended to twenty-five years of age, as it U
with some nations.

Manhood (or Womanhood) is the period of perfection

of all the bodily and mental powers. It ceases in woman
with the cessation of the monthly flow at about forty-fiv»

years of age; but in man it often extends to a mud
later period of life.

Old Age begins with the decay of the bodily find

mental faculties, and is characterized by wrinkling of

the skin, loss of the teeth, whitening of the hair, and
feebleness of the limbs. In its later stages decay of the

mental faculties, deafness, obscurity or loss of vision, and
bowing of the spine are added.

2. Duration of Unman Life.—Tlie cliances of hmnas
life form an important subject of inquiry, which has been

elucidated by the labours of Price, Milne, Farr, and

others; and on deductions from comparisons of birth and

death rates is founded the system of annuities, insurance

ageinst loss in sickness, and the insurance of lives. Since

the establishment of corapulsory registration of deaths, our

knowledge of the ordinary and extraordinary chances of

human life has been much extended, and surer data are

now available for calculations of probabilities of life, of

survivorships, and of the payments which ought to be

made in benefit clubs. See Insurance and Longevity,
3. Personal Identify.—It might be imagined that there

is little danger, with the exercise of ordinary care, of mis-

taking one person for another ; but the remarkable case of

the Tichborne claimant, and some other lessknowu but

perhaps equally singular instances, have demonstrated that

mistakes as to the identity of individuals are easily made,
and are more frequent than is commonly supposed. Where
the identity has to be established or disproved after long

absence, exposure to foreign climates and great hardships,

wounds, (fcc, the problem is often one of extreme diliiculty.

The data for identifying a person are individual and
family likeness, stature, the colour of the eyes, peculiarities

of garb and manner, recollection of antecedent events,

but more especially marks on the person either congenital

or acquired. Such are na;in or mother's marks, scars,

and disunited or badly united fractures, known to hav«

existed upon the missing person. An accurate solution c'

the question is, nevertheless, often a matter of the greateii>

difficulty.

4. Marriage.—Under this head the medical jurist has tc

deal principally with the nubile age, viewed in the light

of nature and according to legislative enactments, and with

such physical circnmstanees as affect the legality of mar
riages, or justify divorce.

In Great Britain the age at which the sexes are first

capable of propagating the species is later than in more
southern climes. Ordinarily it does not occur beforb

fifteen years of age for the male and fourteen for the

female; exceptionally, however, it occurs at the ages of

thirteen and of twelve (or even less) respectively in the

male and female. By legislative enactment, nevertheless,

parents and guardians may, in England at all event.s, forbid

the marriage of young people till the age of legal majority.

The only physical circumstances which iu Great Britain

form a bar to marriage are physical inability to consummate,
and the insanity of one of the parties at the time of

marriage. Both tho.se circumstances have been pleaded

and sustained in the law courts. In other countries minor

physical circumstances, as disease, are held to invalidate

marriage.

5. Impotence and &'tcrility.—^These may arise Cron>

organic or from functional causes,— the former being alcn"

irremediable, and as such taken cognizance of by the law

courts. Ou this subject it is uanece-sgacy to enlarge her*
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6. Pregnancy.—'fhis subject presents one of the widest

fields for medico-legal evidence. The limits of age between
which it is possible, the limits of utero-geatation, and the

eigns of pregnancy may all in turn be the subjects of

investigaiion.

The limits of age between which pregnancy is possible

are usually fixed by the appearance and cessation of the

monthly flow ; and these ordinarily begin about fourteen

and cease at forty-five years of age. Exceptionally they

appear as early as the tenth year, and may not cease till

the end of the fifth decade of life. Cases, however, have
occurred where a woman has conceived before menstru-

ating ; and a few donbtfnl cages of conception ore recorded

ill women upwards of fifty, or even sixty, years of age.

The general fact of pregnancy being limited by the age

of puberty on the one hand and the cessation of the

monthly flow—or fifty years as the extreme limit of age

—

must be accepted as the safest guide in practice.

The limits of utero-gestation are not in England fixed

ty legislation. The French code fixes the extreme limit

of three hundred days. The ordinary period is forty

\i-eeks and a half, or two hundred and eighty-three days

from the cessation of the last monthly flux. The limit of

three hundred days, as fixed by the French code, is

perhaps never exceeded, if ever reached. The uncertainty

of females in fixing the exact date of conception has given

rise to the discrepant opinions of physiologists on the

subject. It is well known, however, that among the higher

animals the period is not a precise one ; and impregnation

and conception are doubtless not necessarily coincident.

The signs of pregnancy are of tlie utmost importance

to the medical jurist. He may be called upon to pronounce

upon the virtue of a female, to sustain or rebut a plea for

divorce,- to determine whether a capital sentence shall be
carried out, or to determine whether it is probable "that an

heir will be bom to an estate. Should he err in his judg-

ment—and mistakes are very possible iu the earlier months
of utero-gestation—he may commit a grievous wrong.

Medical jurists are in the habit of classifying the signs of

pregnancy as uncertain or certain ; it is the former which

are most regarded by the public, but the latter are alone

of probative value to the jurist. The usual and uncertain

signs are the cessation of the monthly flow, nausea, sick-

ness, a darkening of the areola and the formation of a

secondary areola around the nipple, enlargement of the

breasts, increased size of the abdomen, the formation of a

tumour in the womb, quickening, and tl'.e motions of the

foetus. There are also other minor signs of less importance.

The certain signs are the uterine souifle, which is a peculiar

soft sound heard over the abdomen, and synchronous with

the maternal pulse ; ballottement, or the examination for a
floating tumour in the abdomen between the fifth and
eighth months of pregnancy ; and the pulsations of the

foetal heart, heard by means of the stethoscope. These
pulsations are much quicker than, and not synchronous

with, the maternal pulse. This is the only indubitable sign

of pregnancy. It is inapplicable before the fourth month of

gestation.

7. Parluriiion.—The imminence of the process of par-

turition is of comparatively little interest to the medical

jurist; but the signs of recent delivery are all-important.

These signs ^aro the bruised, swollen, and lacerated state

of the external genitals, rekxation and dilatation of the

vagina and womb, the existence of a peculiar vaginal dis-

charge known as the lochia, a relaxed and fissured condition

of the abdominal walls, a peculiar aspect of the countenance,

and the distended state of the breasts due to the secretion of

milk. The lochial discharge is the most characteristic sign.

All the Signs may disappear within ten days of delivery,

though this is not usuiiy.

Connected with parturition, the question of viahilili/ o1
the child is not unimportant. After the intra-uterine age of

seven months is reached a child is certainly viable. The
period at wliich the foetus becomes viable cannot be stated

with certainty; but five calendar months, or one hundred
and fifty days, is perhaps the nearest approximation which
can be made. The viability of a child is judged by its

size and weight, its general state of development, the state

of the skin, hair, and nails, its strength or feebleness, the

ability to cry, and its [lower of taking maternal nourish-

ment. The question of viability has important bearings

upon the crime of infanticide, and the enccession. to

property.

The subject of superfcefation, or the possibility of two
conceptions having occurred resulting in the birth of twins
with a considerable intervening interval, is a very obscure
one, and has given rise to much controversy,—its existence

being afiirmed by some medical jurists, and denied by
others. There is mucli, however (e.ff., the existeace of a
double or bifid womb), to countenance the view that a
double conception is possible.

In the curious case of a man marrying a woman having
possession of an estate of inheritance, and by her Iiaving

issue born alive and capivjble of inheriting her estate, the

man on the death of his wife holds her lands for life as a
tenant by the "curtesy" of England. Here the meaning
of " born alive " is different from the meaning of the same
expression as used respecting infanticide. In questions of

tenancy by the curtesy it has been decided that any kind
of motion of the child, as a twitching and tremulous motion
of the lips, is sufficient evidence of live-birth. As regards

infanticide, proof of a conclusive separate existence of the

child is demanded before livc-birth is admitted.

8. Monsters ancLIIermaphrodites.—To destroy any living

human birth, however unlike a human creature it may
be, is to commit a crime. Blackstone states that a mon-
ster which hath not the shape of mankind hath no inherit-

able blood ; but the law has not defined a monster, jior

what constitutes a human form. The same author states

that if, in spite of deformity, the product of birth has
human shape, it may be an heir. Hermaphrodites are

beings with malformations of the sexual organs, simulating

a double sex. Physiologists do not admit, however, the

existence of true hermaphrodites with double perfect

organs, capable of performing the functions of both sexes.

9. Paternity ani Affiliation.—These are often matters

of great doubt. A considerable time may elapse between

the absence or death of a father and the birth of his

reputed child. As has already been said, three hundred
days is the utmost limit to which physiologists would
extend the period of utero-gestation. This subject in-

volves questions respecting children born during a second

marriage of the mother, posthumous children, bastardy,

and alleged cases of posthumous children.

10. Presumption of Survivorsldp.—When two or more
persons perish by a common accident, when a mother and

her new-born child are found dead, and in a few analogous

cases, important civil rights may depend upon the question

which lived the longest; and great ingenuity has boon

displayed in elucidating the disputes which have arisen in

the law courts in such cases.

11. Maladies Exempting from Discharge of Public Dvliet

frequently demand the attention of the medical man.

He may be called upon to decide whether a man is able to

undertake military or naval service, to act as a juryman

without serious risk to life or health, or to attend as a

witness at a trial. An endeavour to give a feafless and

honest certificate should animate the medical man in the

discharge of this delicate duty.

12. Feigned and Simulated Diseases often require much
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sKill and acuteiiess in order to detect the imposture.

Where there is reaaon to suppose that a disease is simu-

lated, much caution as to procedure is also required.

13. Insanity or Menial Alienation.—This subject pre-

sents an enormous field to the medical jurist. A medical

man may be required to give evidence in any of the law

courts, civil, criminal, or ecclesiastical, before commissions

de lunatico inquireiulo, or before a magistrate, as to the

sanity or insanity of an individual ; and ho may have to

sign certificates of unaoundiiess of mind with the view of

providing for the safe custody and proper treatment of a

lunatic. Hence he must be familiar with tlie chief forma

of insanity (see Insanity), and be able to distinguish and

treat each of these. He will also be required to detect

feigned insanity, and to examine persons charged with

crime with the view of preventing real lunatics from

being treated as criminals.

The terms " unsoundness of mind,'' applied to the con-

dition of the mind itself, and " non compos mentis " to the

person whose mind is affected, are legal terms applied to

insanity. Lawyers have disputed as to whether imbecility

Bhould or should not bo included under the head of

insanity; but medical men include under this category all

disorders or defects of the mind which disqualify a person

for managing his affairs, and entering into a binding

contract, or which render the individual morally irrespon-

sible for his or her otherwise criminal actions. There is

good legal authority for recognizing four forms of unsound-

ness of mind

—

idiocy, dementia, mania, and monomania.

The chief questions respecting unsoundness of mind
which present themselves to the medical jurist are—ia the

person of sound or unsound mind; if unsound, are there

real lucid intervals ; is he fit to manage his affairs, to

contract a marriage, or to execute a will; is he dangerous

to others]

As grounds for restraint, the law recognizes only ttiese

conditions— danger to himself, inability to manage his own
affairs and property, and danger to the person of others.

Before an individual can be placed under restraint in an

asylum the certificates of two medical men must be obtained,

and the formal order of a relation or friend. The certificates

to be valid must bo signed by legally qualified medical

practitioners having no interest, direct or indirect, in the

patient, or in the asylum to which he is to be sent. The
msdicill examiners must pay separate visits, each medical

man examining the patient separately. The certificates,

which remain valid for seven days only, must bear the exact

address of the lunatic, his occupation, and the date of the

examiiiation; they mustalsoset forth distinctly the grounds

of the opinion they express, under the separate heads of

facts observed by the examiner, and facts (to be specified)

communicated by others. In the case of pauper lunatics

one medical certificate only is required, which is supple-

mented by an order from a justice of the peace. In urgent

cases also one medical certificate suffices for incarceration

in an asylum, provided that within three days of the

patient's reception two other such certificates are signed by
two other medical practitioners, not being connected with

the asylum, upon a like examination. The superintendent

or proprietor of the asylum must in all cases forward to

the commissioners of lunacy a notice of admission within

one clear day from the patient's admission. Any infringe-

ment of the statutory regulations subjects the persou who
commits it to a heavy penalty.

II. l.VJURIES TO THE PeRSOX.

1. Defloration.—The signs of defloration are obscure and uncer-
tain ; and it is rather- hy the coexistence of several of the usual
marks than the existence of any one sign, that any just couclusioa

can be arrived at.

2. liajit. —This crime conbi^ts in tlie cai-nal knowledge of a woman

forcibly and against her will. The resistance must be to the
utmost, else the crime of rape has not been committtd in tlie lej^al

sense of the word. The proofs of rape, accoiiliiigly, apait from the

consistency of the woniiHi's story, mainly depend on the presence

of the signs of defloration, and on marks of injury on the man.
3. Mulilalioii.—Tliis may consist in the cutting or maiming of

any member ; castration U the most important, and perhaps but
rarely cH'ccted as a crime. Self-mutilalion, giving rise to false

accusations, is occasionally resorted to.

4. Criminal Abortion.—The crime of abortion consists in unlaw-
fully administering to a woman, or causing to be taken by her
(whether she be with child or not), with intent to procure licr mis-

carriage, any poison or noxious tiling, or using for the same purpoba
any instrument or other means whatsoever ; also in the use of tho

same means, with the same intent, by any woman being with child.

5. Homicide.—The legal sense of tho term homicide excludes

such injuries as are the result of either accident or of suicide. It

embraces niiirdcr or wilful homicide, nianslnughter or culpable

homicide, casual homicide, and justihable homicide.

As 8 preliminary in all cases of homicide, it is the duty of the
medical jurist in the first place to ascertain the fact of death, and
to distinguish between real and apparent death ; and then to deter-

mine, if possible, the period at which death took place.

Infanticide or chilil murder is by the Brili.ih law treated with
the same severity as the murder of an adult. Indeed infanticide as

a crime distinct from murder has no legal recognition. Practi-

cally this severity defeats itself, and olfeiices which arc really cases

of child murder are often tieatsd simply as cases of concealment
of birth. The iuinuity of the old law which threw the onus of proof

of still-birth on the mother now no longer e.\ists, and the law
demands strict proof of live-birth at the hands of the prosecution.

Hence the subject involves very nice points of forensic medicine.

The child must be proved to have arrived at the period when thcro

was a probability of its living (proof of viability) ; and as the estab-

lisliment of respiration is necessary to prove live-birth the evidences

of tl>is act must be carefully investigated. The size and position of

the lungs, and the state of the vessels concerned in fcetal circulation,

must be carefully noted. The fcetal lungs are dark, dense, and
liver-like in appearance and consistence, and sink when immersed
in water ; whilst the fully respired lungs are rosy, marbled, and
soft and crepitant when handled. Minor degrees of respiration ate

recognized by the appearance of little groups of dilated air-vesicles,

and by the fact that, although the lungs as a whole may sink in

water, certain portions of them, into wliich resj)ired air has peue-
trated, float in water even after subjection to firm pressure in the
hand. Care must be taken, neveitlieless, to exclude buoyancy of

the lung due to putrefaction ; in this case the air may be expelled
by gentle pressure, and the previously buoyant portion of lung
now sinks in water. It is impossible, however, to distinguish
certainly between a lung naturally inflated and one artificially

insufllated.

It must bo borne in mind that, although live-birth cannot be
affirmed in the absence of signs of respiration, the presence of these
signs is not proof of live-birth in the legal sense of the term. Tho
law demands for live-birth a separate existence of tho child after

delivery ; and breathing may take place whilst the child is still

cither wholly or partially within the maternal passages, and in some
speci.al cases whilst still within the woinb itself.

When proofs of respiration—it may be to such an extent as to
leave no dor.bt as to live-birth—have been found, the cause of death
is then to be investigated. Wounds, and other forms of injury,

must be sought for. There may be signs of strangulation, suffoca-

tion, puncture of the fontanelles, and consequent injury to the brain,

the administration of a poison, or other means of piocuiing deitb.
It must be borne in mind that some of these causes may be brought
about by omission, or even by accident. Thus strangulation may
arise from natural and unrelieved pressure of the navel string on
the neck of the child ; sufTocalibn from immersion of the face of the
child in the maternal discharges, or by pressure of clothes on the
mouth. Death may result from haemorrhage through neglect to tio

the navel string, or the infant may perish from exposure to cold.

In the case of exposed infants it is very important to ascertain
the real mother. As such exposure usu.iliy taltes place soon after

birth, comparison of the age of the infant with the signs of recent
delivery in the suspected mother is the best method of proving tlio

relation.

Ordinary homicide may be accomplished by several modes that
may sometimes be ascertained by examination of the body. Of one
of the most important of these consideration is deferred to the
article Poiso.ss.

Death by aspJiyxia is a common mode of accomplishing homi-
cide, as by suH'ocation, drowning, hanging, strangulation, or by
exposure to mephitic air. Suicide and accidental death from these
causes are still more common. (1) Drou-ningis thought to produce
death occasionally by the suddenness of the shock causing sus|)en-

sion of the functions of circulation and respiration—by shock
without a struggle. The usual mode of death appears, however.
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to be by fhe~ciiculation of iinoxygen.-vled Hood through the brain

actin;; as a poison upon that organ ; and tliis is attended with all

the iihcnomena of asphyxia, as in suHbcation. The phenomena
attending asphyxia are as follows. As soon as the oxygen in the

arterial blood, thiough exclusion of air, sinks below the normal, the

respiratory movements grow deeper and at the same time more fru-

mient ; both the inspiratory and expiratory phases aie exaggerated,

the supplementary respiratory muscles arc brought into play, aud
the breathing becomes nurricd. As the blood becomes more and
more venous, the respiratory movements continue to increase both in

force and freijuency. Very soon the expiratory movements become
more marked than the inspiratory, and every muscle which can iu

any way assist in cxi>iratioii is brought into play. The orderly

expiratory movements culininiite in expiratory convulsions ; these

violent etl'orts speedily exhaust the nervous system, and the convul-

felons suddenly cease and arc followed by a period of calm. The calm
is one of exhaustion ; all expiratory active movements have ceased,

and all the muscles of the body are flaccid and quiet. But at long

intervals lengthened deep inspiratory movements take place ; then

these movementsbecome less frequent; the rhythm becomes irregular,

so that each breath becomes a more and more prolonged gasp, whicli

becomes at last a convulsive stretching of the whole body ; and with

extended limbs and a straightened trunk, with the head thrown
back, the mouth widely open, the face drawn, and the nostrils

dilated, the last breath is taken. The above phenomena are not

all observed except in cases of sudden and entire exclusion of air

from the lungs. In slow asphyxia, where the supply of air is

gradually diminished (e.f?., in drowning), the phenomena are funda-

mentally the same, but with minor ditl'ereiices. The appearances

of the body after death from drowning are various. There may be

pallor of the countenance, or this may be livid and swollen. The
air passages are filled with frothy mucus, and there may be water

in the stoinach. The ends of the fingers are often excoriated from

grasping at olyects ; and weeds, &c., are sometimes found grasped

in tlie nands. The distinction between murder and suicide by
drowning can rarely be made out by examination of the body alone,

aud is usually decided from collateral circumstances or marks of

a struggle. Attention must also be paid to the existence of wounds

on the body, marks of strangiilation on the neck, and the like.

(2) Hanging may result in death from asphyxia, or, as is more
particularly the case in judicial hanging, some injury is inflicted on

the upper porti-^n of the spinal cord, resulting in instant death.

The orclinaiy appearances of death from asphyxia may be found :

dark fluid blood, congestion of the brain, inteusely congested lungs,

the right cavities of the heart full, and the left comparatively empty
of blood, and general engorgement of the viscciu. Ecchymosis may
be found beneath the site of the cord, or a mere parchmeuty appear-

ance. There may even be no mark of the cord visible. The mark,

when present, usually follows an oblique course, and is high

up the neck. The fact that a body may be suspended after death,

and that if this be done speedily whilst the body is still warm
there may be a post-mortem mark undistingiiishable from the

mark observed in death from hanging, must not be forgotten.

(3) Suffocation may occur from the impaction of any substance iu

the glottis, or by covering up the mouth and nose. It is frequently

of accidental origin, as when substances become accidentally

Impacted in the throat, and when infants are overlaid. The pheno-

mena are those of pure asphyxia, which have already been detailed.

On post-mortem examination thecurface of the lungs is found covered

with minutoextravasation3of blood, known as punctated ecchymosis.

{i] Strangulation may he accomplished by drawing a cord tightly

round the neck, or by forcibly comiwessing the i^indpipc (throttling).

Hence there may be either a circular mark round the neck, not so

oblique as after hanging, or the marks of the lingers may be found

about the region of the larynx. The cartilaginous structures of the

larynx and windpipe may be broken. The mark of the ligature is

often low down in the neck. The signs of asphyxia are present in

a marked degree. (5) Mephilism.— Death from the inhalation of

irrespirablo gases'is a mode of assassination seldom employed, but
is frequently resorted to on the Continent by suicides, charcoal

fumes being commonly used for the purpose (see Poisons).

6. Death from Starvation.—Cases occur in which it is important

to distinguish this from other modes of death. In such caiies the

skin becomes harsh and dry, and may acquire a peculiar odour ; the

subcutaneous fat disappears ; the gums shrink away from the teeth
;

the tongue and mouth become dark-coloured and dry; the eyes are

bloodshot ; the intestines become thin and their coats translucent

;

the gall-bladder is distended. The period of total abstinence from
food required to kill an adult is unknown, and greatly depends upon
whether there be access to liquid. In some ca.ses persons have
been able to subsist on little or no nourishment for long periods,

the body being in a state of quasihibernation.

7. Death from Extre^mes of Temperature.—(1) Death from cold

is not often observed in the untisn Isles. A portion only of the

body, as the extremity pf a limb, may perish Irom extreme cold.

Aft_eT the first sensatioa of tingling experienced on exposure to

Bevere cold, loss of sensaOjon supervenes, with languor aud an irre-

sistible propensity to sleep. The tendency to this fomis an extrern*
danger in such cases. (2) Death from extreme heat usually occurs
in the form of burning and scalding, attended with destruction of
a large portion of the cutaneous structures. Here the cause of

death is obvious. The human body is capable of exposure to veiy
hot air—as is seen in Turkish baths—for a considerable period with
impunity. Sun-stroke is a cerebral affection brought on by too great
exposure to a hot atmosphere, especially whilst undergoing fatigue.

8. Death b'j Lightning.—Lightnin" or an artificial electric current
may cause instant death. Iso visible marks of the effects of the
electric current may be left, or the body may be singed or dis-

coloured, or the skin may be perforated at one or two spots.

9. Wounds.—The examination of wounds, whether latal or not,

often becomes an important branch of forensic medicine. AVounds
are usually divided into contused, lacerated, incised, punctured, and
gunshot wounds. For poisoned wounds see Poiso.ns. Each kind of

wound requires to be minutely examined and described, as they are in

approved works on surjgery. The degree of danger from each should
be familiar to the medical jurist ; and he should recollect that there

is no wound which may not become incidentally fatal from improper
treatment, peculiarities of constitution, or accidental inoculation

with septic material. Punctured wounds or stabs require minute
attention ; for there have been instances in which death has been
produced by an instrument so small as a pin thrust into a vital

part. If'ounUs of the head are always dangerous, especially if the

blow has been severe. The person so wounded inay die without
division of the skin, or fracture of the bones, as happens in what is

known as concussion of the brain. Contusions which do not divide

the skin may fracture the skull ; or the inner table of the skull m.ay

be fractured without the outer being broken or depressed. Even
wounds of the scalp may prove fatal, from inflammation extending

towards the brain. Punctured wounds of the head are more danger-

ous than cuts, as more likely to excite fatal iutTommation. AViieu

the brain aud its membranes are injured, all such wouu^ls are gene-

rally fatal. Wounds of the face or organs of sens* are often danger-

ous, always disfiguring, and productive of serious iuconvenieiice.

Wounds of tlie neck are always Tciy serious wherever more than
the skin is divided. The danger of opening large blood-vessels, or

wounding important nerves, is imminent ; even the division of a

large vein in the neck has proved immediately fatal, from the

entrance of air into the vessel, and its speedy conveyance to the

heart. A blow on the neck has instantly proved fatal, from injury to

an important nerve, generally the pneumogastric or the sympathetic.

Dislocations and fractures of the bones of the neck prove instantly

fatal. Wounds of the chest are always serious when the cavity is

penetrated, though persons may recover from wounds of the lungs,

and have even survived for some time considerable wounds of tne

heart. This last is an important fact ; because we are not always to

consider the spot where the body of a person killed by a wound of

the heart, anci apparently remaining where he fell, is found as that

in which the fatal wound was inflicted. Instances have occurred of

persons surviving severe wounds of the heart for several days,

broken ribs are never without danger ; and the same may be said

of severe contusions of the chest, from the chance of inflammation

extending inwards. Wounds penetrating both sides of the chest

are generally considered as fatal ; but possibly there may be recovery

from such. Wounds of the abdomen, when they do not completely

penetrate, may be considered as simple wounds, unless when inflicted

with great force, so as to bruise the contents of the abdominal cavity

;

in that case they may produce death without breach of surface,

from rupture of some viscus, as sometimes happens from blows or

kicks upon the belly. Wounds injuring the peritoneum are highly

perilous, from the risk of severe inflammation. Wounds of the

stomach or intestines, or of the gall-bladder, generally prove mortal,

from the effusion of their contents into the peritoneal cavity pro-

ducing fatal inflammation. Wounds of the liver, spleen, or kidneys

are generally soon mortal, from the great vascularity of those organs.

Wounds of the extremities, when fatal, may generally be con-

sidered so fiom excessive ha;morrhage, from the consequences of

iuflammation and gangrene, or from the shock to the system when
large portions of the limb are forcibly removed, as in accidents from

machinery, and in wounds from firearms.

10. Poisonous Food.— Under certain conditions, various articles of

diet, especially butcher meat, eggs, milk, butter, cheese, aud honey,

may become possessed of poisonous properties, end this may arise

from a variety of causes oesides the introduction of known and

specific poisons. Moreover, certain kindsof animal food— fish chiefly

—may Iiave definite toxic properties. Food may be more or less

poisonous— (1) from unsoundness, cither from putridity or decom.

position or disease : (2) from the presence of parasites
; (3) from

mouldiness, or presence of deleterious microscopic fungi ; and (4)

where the tlesh is that of animals which have fed ou noxious plants,

—and under this head may also be classed poisonous honey, which

bees have gathered from poisonous plants. (5) It may be of the

nature of poisonous fisb, u^ing the term fish in the popular sense.

(6) Certain fungi or mushrooms are poisonous. Parasitic diseases

would, strictly speaking, come under the first head ; but the Dr6<
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[ve measures to bo adopted in ttici use of

sites will alone be treated of in thisfplace.

food infested withventiv

parasites

(1) Foisonous Vegetables.—Unsound or even rotten vegetables

and fruits may be consumed, and become fertile sources ot varied

forms of poisoning, especially in hot summers. The symptoms
produced by the ingestion of large quantities of unsound fniit or

vegetable^ are of a diarrlioeal character, not often of an alarming
severity, except in the cases of the young and feeble. They may,
however, sometimes attain a fatal severity. The cause is usually

obvious, and the treatment is simple ; mild purgatives, as rhubarb

or castor oil, with or followed by opiates, to remove peccant

matters from the intestines ; and stmnilnnts, as ammonia or

alcohol, if there bo much collapse. Certain fungi or mushrooms
are known to bo specifically poisonous, such as the Amanita
muscaria, or fly-fungus, and others. Certain kinds of mushrooms,
nsually innocuous, are occasionally poisonous or deleterious ; and
the cause of this is not always clear. Poisonous fungi produce

narcotic and irritant symptoms.
(2) Foisonous, Tainted, or Putrid Meat.—Tlie obvious char-

acteristics of good sound flesh meat are that its colour is red—neither

pale pink nor deep purple ; that it is marbled in appearance ; firm

and elastic to the touch, scarcely moistening the fingers ; having a

slight and not unpleasant odour ; and that when exposed to the

air for a day or two it should neither become dry on the surface

nor wet and sodden. Sound meat is acid to litmus paper; unsound
meat riiay be neutral or alkaline. Meat may bo tainted with

physio administered to the animal. It is a common practice, when
a fat and valuable animal is unwell, to physic it, and if its recovery

be not speedy to slaughter it. The meat of such animals may often

be met with in our markets, and may induce illness from the

physio with which it is contaminated. The effects of simple

Eutridity are most varied. It is well known that some nations

abitually eat putrid meat, and even prefer it to fresh ; and
the development of rottenness in eggs for the epicure is an art

in China. There is no doubt that habit has much to do with tlis

tolerance by the stomach of putrid meat, whether cooked or un-

cooked. But tainted game, and indeed all kinds of meat in

which putrefaction has commenced, may indubitably produce

disease. This is chiefly of a diarrheal character, preceded by
rim)rs, and attended with collapse and, it may be, convulsions and
other signs of a profound affection of the nervous system. The
effects of such tainted meat are slight as compared with those which
are produced by the sausage-poison, developed by a sort of modified

putrefaction in certain German sausages. These sausages, when
they become musty and soft in their interior, nauseous in odour
and flavour, and strongly acid to test paper, acquire a highlypoisonous

character, and are frequently fatal in their effects. The symptoms
produced by the use of poisonous flesh are gastric pain, vomiting,
diarrhcea, depression, coldness of the limbs, and weak irregular

action of the neart. Fatal cases end in convulsions and oppressed

respiration, death ensuing from tho third to the eighth day. The
nature of the sausage-poison, which is probably akin to that of

putrid and indeed all non-specifically tainted meats, has been a
matter of considerable controversy. Some have held that the

poisonous action is due to the development of rancid fatty acids ;

ethers believe that a so-called catalytic body is produced, capable of

Betting up by contact a similar catalytic action. Others have
regarded the sausage-poison as due to the formation of pyrogeneous
acids during the drying or smoking of the sausages. The recent

discovery by Selini of a class of poisonous alkaloids or amides, termed
ptomaines, developed during putrefaction of animal matters, on the

one hand, and the discovery by Ballard and Klein, still more
recently, that tho fatally poisonous properties of hams prepared

according to the American method may be due to the presence of a

parasitic bacillus, point to one or other of these two latter can.sesas

that of tiie effects of sausage-poison. Others again have referred the

effects to the presence of a microscopic fungus

—

Sarcinn bolulina.

The poisonous nature of the llesh of animals which have fed on
certain plants—for example, hares which liavn fed on certain species

of rhododendron, pheasants on the k.ilmia shrub, kc.—has been

abundantly demonstrated, and need only bo rcferrc;! to here. The
honey from bees which have garnered on poisonous plants, as the

azalea, may likewise be deleterious ; and the fact is of classic

interest. The milk even of goats which have browsed on poisonous

herbs has also proved poisonous.

(3) Diseased Meat.—The poisonous effects of meat affected with

certain parasites—trichinae, cysticerci, trematodes, &c., is an un-
doubted fact. Great quantities of meat pass through our markets
which u undoubtedly tho flesh of animals affected with disease,

such as foot-and-mouth disease, pleuropneumonia, pig typhoid,

the so-called scarlatina of swine, sheep-pox, lie. ; and the question

is quite undecided as to whether such flesh produces any injurious

effects. To stop the sale of Buch meat would be to cut off large

sources of our meat supplies. The evils attending the use of such
diseased meat, when well cooked, have undoubtedly been exagger-

ated ; but, on the other hand, there is enough evidenc* to show that

the use of certain kinds of diseased meat may l>e loUowed by serious

results. Thus It is generally admitted that the flesh of animals
which have suffered from pleuro-pneumonia and munain will give
rise to boils and carbuncles. Braxy mutton may also produce
disease when eaten. Tiichinse will produce trichinosis, flukes, the
tape-worm, &c. Hams are occasionally fatally poi.sonous ; and
this has been traced to the presence of certain low organisms known
as bacilli.

(i) Poisotiotis Pish.—Fish is sometimes a poisonous article of
food. Cases of poisoning by the so-called shelt-lish of the British

islands are not unfrequently met with. Generally it is the eating
of crabs, lobsters, and mussels which produces such results. These
are ntually of a distressing rather than of a serious character,

nettle-msh being a common symptom. Occasionally, however, fatal

results have ensued from the use of mussels. In tropical seas

poisonous fish are more plentiful—the golden sardine, the bladder
fish, the grey snapper, ice. ; and, these being eaten by larger fish,

as the barracuda, perch, globe-fish, conger eel, lie, the latter n'ay

in turn become i)oi.sonous.

Good cookery, that is, exposure to a sufliciently high temperaturo
for a sufficiently lengthened time, is undoubtedly the best measure
to adopt short of absolute destruction of unsound and diseased

meat. So long as meat is high-priced, and the effects of diseased

meat so little understood and so undefined, it will be impossible

to induce medical officers of health and sanitary inspectors to seize

all the diseased and unsound meat which is daily ottered for sale.

Notwithstanding all that has been said to the contrary, experienced
observers are pretty well agreed that thorough exposure of the meat
thronghout to the temperature at which albumen is coagulated is

destructive to the paia-sites of flesh. Smoking is less effective.

Salting is more effective than smoking ; but there is some evidence

to show that salting may merely hold the life of organisms i»

suspense without entirely destroying their vitality ; and thus in the

conversion of salted pork into hams—a process of re-salting and
subsequent drying— the specific germ (a bacillus) has been known
to be again rendered harmful. It is not known whether efficient

cooking entirely removes the deleterious effects of flesh affected

with other than parasitic disease, as for example pleuro-pneumonia.

The curative measures for the results of eating poisonous f«8d

cannot be specifically described. They are those which must be

arrived at on general principles. Symptoms are to bo treated, and
tho powers of the patient sustained until the deleterious matter is

removed by the ordinary channels, or the trichinse have become
encysted.

HisTOKY OP For.EKSic Medicine.

The true origin of medical jurisprudence is of comparatively

recent date, although traces of its principles may bo perceived in

remote times. Among the ancient Greeks the principles of medical

science appear only to have been applied to legislation in certain

questions relating to legitimacy. In the writiugsof Galen we find,

however, remarks on the differences between the foetal and the adult

lungs; ho also treats of the legitimacy of seven months' children,

and discusses feigned diseases. Turning to Kome, we find that the

luws of the Twelve Tables fix three hundred days as the extreme

duration of utero-gcstation. It is doubtful whether the Koinan

law authorized medical inspections of dead bodies. In tlie codo

of Justinian we find Dc fStalu Hominum ; t>e Ptcnis cl Manumissis

;

De Sicariis ; De Inspicicndo Ventre Custodicndoqitc Parlu ; De
Muliere guee pcperil undecimo mense ; De Impotenlia ; De Her-

maphroditis,—titles which show obvious traces of a recognized

connexion between medicine and law. It was not, however, by the

testimony of living medical witnesses that such questions were

to be settled, but on the authority of Hippocrates.

Medical jurisprudence, as a science, dates only from the 16lh cen-

tury. In 1507 tho bishop of Bamberg introduced a penal code in

which the necessity of medical evidence in certain cases was re-

cognized
i
and in 1532 the emperor Charles V. persuaded the

diet of Katisbon to adopt an uniform code of German penal juris-

prudence, in which the civil magistrate was enjoined in all cases of

doubt or difficulty to obtain the evidence of medical witnesses,—as

in cases of personal injuries, infanticide, pretended pregnancy,

simulated diseases, and poisoning. The tnie dawn of forensic

medicine dates, however, from the publication in 1563 of the Con-

stitutio Cnminalis Carolina in Germany. A few yeai-s later

Weiber, a physician, having undertaken to prove that witches and

demoniacs are, in fact, persons subject to hypochondriasis and

hysteria, and should not be punished, aroused popular indignation,

and was with difficulty rescued from the flames by his patron,

William duke of Cleves.

At the close of the 16th century Ambrose Pare wrote on

monsters, on simulated diseases, and on the art of drawing np
medico-legal reports ; Pineau also published his treatise on virginity

and defloration. About the same time as these stimuli to thestudy of

forensic medicine were being made known in Paris, the first system-

atic treatise on the science appeared in Sicily in the form of a

treatise De Relatimibus Medicorum by Fidele. Paulo Zacchia, the

illustrious Roman medical jurist, moreover, published from 1621
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u> 163b 11 woiK entitlea Quxsliones Mcdico-Legak.% which marks a

new era in the history of tlie science,—a work wliich ilisi)Iays an

immense amount of learning and sagacity in an age when chenlistry

wa&. in its infancy, and physiology very imperfectly understood.

The discovery of the circulation of the blood by Harvey soon

foHowed, and gave a new im[)etus to the study of those branches of

forensic medicine having direct relations to physiology ; and to

Harvey we owe the idea how to apply Galen's observations on the

(iilfcronces between the ftetal and the adult lungs to the elucidation

of cases of supposed infanticide. About this time, too, Scbiz pub-

lished two treatises, on the signs of virginity and on the examina-

tion of wounds respectively. In the former he contended that the

hj-mcn was the real mark of virginity ; but this was denied by

Augenio and Gassendi. In 16C3 Bartholin, a Danish physician, in-

vestigated the period of human uterine gestation, a subject which
had engaged the attention of Aristotle. He also proposed the
" hydrostatic test" for the determinatiou of live-birth—a test still

in use, and applied by observing whether the lungs of an infant

float or sink in water. Swammerdam explained tlie rationale of

the process in 1677 ; but it was not till 1BS2 that it was first

practically applied by Jan Snhreyer.

Germany, ever the leader in questions oi forensic medicine,

introduced the first public lectmes on medical jurisprudence.

Michaelis gave the first course about the middle of the 17th cen-

tury in the university of Leipsic ; and these were followed by the

lectures of Bohn, who also published Dc Rcnunciationc Vulncrum ;

cui accesacnmt Disscrtationcs hinie dc pariu cnccato, et an quia

virus iaortuusve aquis submersus, alrangulalus, nut vulncratus

faerit, and De OJjUciis Medici Duplicis, Clinici el Foroisis. Welsch
and Amman wrote on the fatality of wounds, and Licetus ou
monsters.

From the time of Ambrose Pare the mode of conducting investi-

gations in forensic medicine had attracted attention in France; and
in 1603 Henry IV. authorized his physician to appoint persons

skilled in medicine and surgery to make medico-leg.al inspections

and reports in all cities and royal jurisdictions ; in 1692, diifi-

cultics having arisen, Louis XIV. created hereditary royal

physicians and surgeons for the performance of like duties. These,

having become a coiTupt and venal body, were suppressed in 1790.

The only works on forensic medicine which appeared in France
during the 17th century, however, were Gendrj's .Siir Us Moyeiis

de bien rapportcr li Justice, and Blegny's Doctrine ties Mtiptwns en
Clururgic. At the beginning of the 18th century the latter was
superseded as a text-book by Devuux's L'aH de /aire dcs rapports

en Chirurgic. Valentini followed with two works, which were
finally incorporated in his Corpus Juris Medico-Legale which
appeared in 1722. Tliis work is a vast storehouse of medico-legal

information, and a summary of the knowledge of the time.

Professorships for teaching the subject were founded in the Ger-
man universities early in the 18th century, and numerous treatises

on forensic medicine were published. Teichmeycr's In stitut tones

Ucdtcinx Legalia long formed the text-book of the subject ; and
Alberti, professor of legal medicine at Halle, in his Systcma
gave to the world a most complete and laborious treatise on the
science. His industrious collection of facts renders his works a
precious mine of information. Indeed towards the close of last

century the Germans were almost the only cultivators of legal

medicine. But in France the celebrated case of Villeblancho
attracted attention to tho subject, anil called forth Louis, who in a,

memoir on utero-gostation attacked with powerful arguments tho
p.retcndcd instances of protracted pregnancy, and paved the way for

the adoption in the Code NapoUon of three hundred days as the
limit of utero-gestation, a period in precise accordonce with the
ancient Roman law of the Twelve Tables. Louis also wrote on
death from hanging, and pointed out tho mode by which we may
distinguish murder from suicide under such circumstances. It is

he who is credited with having been the first in France to publicly
leach the just apidication of medical knowledge to jurisprudence.

Fodere's celebrated Traiti de Midecint Ligale appeared in 1798,
and marks a new era in tho annals of legal medicine.

No British author wrote systematically on forensic medicine till

17S8, when Dr Samuel Farr published a short treatise on the
Elcmenla of Medical Jurispnulence ; but this was merely an abridg-
ment of an earlier work of Fazelius. Previous writers, as Mead,
Munro, Denman, Percival, and tho two Hunters, had, however,
di'alt with fragments of the subject ; nevertheless the scieno a.s a
w hole was little appreciated or recognized in tuis country during
the last contuiy.

In the jirescnt century Franco took the lead ; and the institution
of three professorehipa of forensic medicine at the end of the 18th
century produced excellent fruits. In 18U Orfila, a Spaniard by
birth, but naturalized in France, published his Toxicologie, a work
which revolutionized this branch of medical jurisprudence, and first

placed the knowledge of poisons upon a scientific basis. Since the
time of Orfila, France has never ceased to haye one or more living

medical jurists, among tho most recent of whom we must ennmerate
Tai'di'U, whose treatise* on abortion, on poisons, ou wouiidn

kc, are justly celebrated. Germany too has industriously pursued
the subject, and Casper's great work on forensic medicine will
ever remain a classic in the science. In Russia Dragehdoitf has
greatly contributed to our knowledge of jioisons.

Though forensic medicine may be said to have 'BeeU entirely
neglected in England till the beginning of the presen^CfBtOry, itf

progress has since been by no means slow or unimportant ; and the
fubject now forms a recogni2ed and obligatory portion of medical
study. The first lectures delivered in Great Britiiiii were given in

the university of Edinburgh in 1801 by the ehler Dr Duncan ; anJ
the first professorship was held by his son in 1803. Dr Alfred
Swaine Taylor gave the first course of lectures delivered in England,
nt Guy's Hospital in 1831 ; and in 1863 the university of I^ndou
made forensic medicine a separate subject for examination an(|

honours for medical graduates. In 1822 there was not in thfl

English language any treatise of authority either on medical juris-

prudence or on any important division of the subject; for it was not
till the following year that the useful compendium of Paris and
Fonblanquo was published ; and even half a century ago medical
jurisprudence may be said t» have been almost in its infancy as

comjmred with what it is now. Since 1829 Great Britain has pro-

duced an abundant crop of literature on forensic medicine. Sir

Iiobert Christison's admirable treatise on Toxicology, Dr A. S,
Tayloi''3 I'rivciptcs and Practice of Medical Jurisprudence, the
same author's Elements of Medical Jurisprudence, Dr Guy's
Forensic Medicine, and Ogston's Lectures on Medical Jurv^rndence
are well-known and widely circulated works. The separate

memoirs of Taylor, Christison, Guy, and others are also storehouses

of facts and deductions in the science.

\merica, too, has not been behind hand in the race. Wharton
and Stille's Manual and AVorinley's Toxicology are the best-known
works of American authors. (T. S.*)

MEDICI. This family is renowned in Italian liistory

for the extraordinary niiiubor of statesmen to whom it

gave birth, and for its magnificent patronage of letters and

art. It emerged from private life and rose to power by
means of a very subtle policy that was persistently pursued

from generation to generation. The origin of the family

is buried in obscurity. Some court historians indeed

declare it to have been founded by Perseu.s, and assert

that Benvenuto Cellini's bronze Perseus holding on high

the head of Medusa was executed and placed in tho Loggia

dei Lanzi to symbolize tlie victory of the Medici over

the republic. But this only proves that the real origin

of the family is unknown, and equally uuknown is the

precise signification of the Medicean arms— Eis red balls

on a field of gold.

The name appears in Florentine chronicles ns early as the

close of the 12th century, although only casually mentioned

in connexion with various offices of the republic. The
first of the family to be a distinct figure in history was
Salvestro dei Medici, who, in the year 1378, took an active,

part in the revolt of the Ciompi—so-called because it was
led by a wool-carder (ciompo), one Michele di Lando, and
because the chief share in it was taken by the populace,

who held the reins of government for some time, and .sought

to obtain extended political rights. But, although Michele

di Lando was the nominal chief of the revolt, Salvestro dei

Medici was its real leader. The latter, although a member
of the greater guilds, had joined the lesser and sought to

be at their head, in order to lay the foundation of his own
power and that of his kindred by attaclcing the Albizzi, who
were tho leading men of the greater guilds. The "ictory

of the Ciompi, however, was brief, for the excesses of the

lower classes brought about a reaction, in which they were

crushed, and Michjle di Lando sent into banishment.

Nevertheless the lesser guilds had gained eome ground by

this riot, and Salvestro dei Medici the great popularity at

which he had aimed. Ilis prflicy during that period had

traced the sole possible road to power in liberty-loving

Florence. And this was tho road henceforth pursued by
the Medici.

On Salvestro's death in 1388 the Albizzi repossessed

themselves of the government, and conducted the wars of

the republic. Vieri dei Medici, who seems to have been

the next head of the family, understanding the temper of
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the times, abstained from becoming a popular leader,

»nd left it to his successors to prosecute the task under
easier conditions. Tlien, in the person of Giovanni, son

of Bicci dei Medici (I3G0-1429), another branch of the

family arose, and became from that time forward its

tepresentative branch. Indeed this Giovanni may be con-

sidered the actual founder of Medicean greatness. He
took little part in political affairs, but realized an immense
fortune by trade,—estiblishing banks in Italy and abroad,

which in his successors' iiands became the most efficient

engines of political power. The council of Constance (1414-
1418) enabled Giovanni dei Medici to realize enormous
profits. Besides, like his ancestor Salvestro, he w.i.« a

constant supporter of the lesser guilds in Florence. His-

torians record his frequent resistance ti the Albizzi when
they sought to oppress the people with heavier tiixiitiun,

and his endeavours to cause the chief weight to fall u|)(iu

the richer classes. For this reason he was in favour of the

so-called law of catasto, which, by assessing the property

of every citizen, prevented those in power from arbitrarily

imposing taxes that unjustly burdened the people. lu
this way, and by liberal loans of money to all who were in

»eed of it, he gained a reputalion that was practically the

foundation-stone of the grand family edifice. Giovanui dei

Medici died in 1429 leaving two sons, Cosinio (1389-
1464) and Lorenzo (1395-1440). From the former pro-

ceeded the branch that held absolute sway for many genera-

tions over the nominal republic of Florejice. and gave to

Italy popes like Leo X. and Clement VIL On the extinc-

tion of this elder line in the 16ih century, the younger
branch derived from Lorenzo, Cosimo's brother, seemed to

acquire new life, and for two centuries supplied grand-dukes

to Tuscany. Cosimo, surnaraed Cosimo the Elder, to dis-

tinguish him from the many others bearing the same name,
and honoured after his death by the title of Pater palrise,

first succeeded in solving the strange problem of becoming
absolute ruler of a republic that was keenly jealous of its

liberty, without holding any fired office, without suppress-

ing any previous form of government, and always preserving

the appearance and demeanour of a private citizen. Bom
in 1389, he had already reached the age of forty at the time

of his father's death. He had a certain amount of literary

culture, and throughout his life showed much taste and au

earnest love both for letters and art. But his father had
mainly trained him to commerce, for which he had a special

liking and aptitude. lu fact he was devoted to busjness

to the day of his death, and like his forefathers derived

pecuniary advantage from hb frieiully relations with tlie

papal court. He accompanied Pope John XXIII. to the

council of Constance, transacted a vast amount of business

in that city, and made very large gains. He then travelled

in Germany, and aftor his return to Florence discharged

several ambassadorial missions. At the death of his father

he was possessed of a vast fortuDe and au ex4«oded experi-

ence, and inherited the leadership of the opposition to the

then dominant party of the greater guilds headed by Hinaldo

degli Albizzi, Palla Strozzi, and Niccolo da Uzzaiio. Of
gentle and kindly manners, generous in lending and even

in giving money whenever he could gain popularity by
that meaus, at critical moments he freqaeotiy came to the

succour of the Government itself. He was very dexterous

in turning his private liberalitiea to account for the increase

of his political prestige, and showed no less acumen and still

fewer scruples in making use of his political prestige for

purposes of pecuniary profit. Indeed, whenever his own in-

terests were at stake, he showed himself capable of positive

villainy, although this wai> always tempered by calcalatiou.

Cosimo proved his skill in these knavish arts during the

war between Florence and Lucca. He had joined the

Mbizzi in urging ou this war, and maoy writers assert

that he turned it to much pecuniary advantage by mean"o

of luans to the Government and other banking operations.

When, however, military affairs went badly, Cosimo jeinad

the discontented populace in invectives against the war
and those who had conducted it. This won him nn
enormous increase of popularitj', but the hutied of the

Albizzi and their friends augmented in equal degree, and
a conflict became inevitable. The Albizzi, who were far

more impetuous and impatient than Cosinio, were now
bent upon revenge. In 1433 one of their own friends,

Bernardo Guadagni, was elected gonfalonier, and thereupon

Cosimo dei Medici was called to the palace and summarily
imprisoned in the tower. A general assembly of the ]>eople

was convoked and a "balia" chosen, which changed the

Government and sent Cosimo into exile. Undoubtedly

I

the Albizzi party would have preferred a heavier seiiicnce,

but they did not dare to attempt their enemy's life, being

! well aware of the great number of his adherents. Cosimo
had some aiiprehension that he might be poisoned in prison,

but Federigo dei MalavoUi, ca|)taiii of the palace guard,

.showed him the utmost kindness, and, in order to soothe

his fer.rs, voluntarily shared his meals. On the 3d October
the prisoner was sent to Padua, his allotted place of exile.

The Albizzi speedily saw that they had done either too

much or too little. While seeking to keep the government
entirely in their own hands, they beheld the continual

growth of the Medici party. When it was necessary to

make a campaign in Eomagna against the mercenary
captains commanding the forces of the duke of Jlilan, it

was plainly seen that in banishing Cosimo the republic had
lost the only citizen banker in a position to assist it with

considerable loans. The Florentines were defeated by Pic-

cinino in 1434, and this event greatly increased the public

exasperation against the Albizzi. Meanwhile Cosimo, who
had gone to Padua as a private individual, was entertained

there like a princa Then, being permitted to transfer his

rssidence to Venice, ha entered on a course.' of lavish

expenditure. He was overwhelmed with letters and appeak
from Florence. Finally, on the 1st of September 1'134, a

signory was elected composed of his fi lends, and his recoil

was decreed. Rinaldo degli Albizzi deterniined to op|)osi»

it by force, and rushed to the Piazza with a band of armed
men ; but his attempt failed, and he left the country to

return no more. The Medici were now reinstated in all

their former dignities and honoure, and Cosimo, on the

evening of September 6th, rode past the deserted mansions

of the Albizzi aud re-entered his own dwelling after au
exile of a year. For three centuries, dating from that

moment, the whole historj- of Florence was connected with

that of the house of Medici.

Cosimo's first thought was to secure himself against all

future risk of removal from Florence, ancj accordingly he
drove the most powerful citizens into exile to all parts of

Italy. Nor did he spare even his former political adversary,

Falk Strozzi, although the latter had been favourable to

him during the recent changes. His rigour iu this parti-

cular case was universally censured, but Cosimo would
tolerate no rivals in the city, and was resolved to abase

the great families and establish Lis power by the support

of the lower classes. He was accustomed to say that states

could uot be ruled by paternosters. Still, when cruelty

seemed requisite, he always contrived that the chief odium
of it should fall upon others. When Neri Capponi, the

valiant soldier and able diplomatist, gained great public

favour by his military prowess, and his influence was
further increased by the friendship of Baldaccio d'Anghiari,

captain of the infantry, Gosiuio resolved to weaken his

position by indirect means. Accordingly, when in 1441 8

partisan of the Medici was elected gonfalonier, Baldaccic

was instantly summoned to the palace, imprisoned
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iiiuiJci-ed, ami his bucly hurled from tlie window. No
Olio could actually fix this crime upon Cosimo, but tlio

majority believed that he had tlius coutrived to rid himself

<'f one enemy and cripple another without showing his

hand. It was impossible for Cosimo openly to assume the

position of tyrant of Florence, nor was it worth his while

to become gonfalonier, since the term of office only lasted

two months. It was necessary to discover soma other

way without resorting to violence ; he accordingly employed

what were then designated " civil methods." He managed
to attain his object by means of the " balie." These

magistracies, which were generally renewed every five

years, placed in the ballot bags the names of the candidates

from whom the siguory and other chief magistrates

were to be chosen. As soon as a " balia " favourable to

Cosimo was formed, he was assured for five years of having

the government in the hands of men devoted to his

interests. He had comprehended that the art of politics

depended rather upon individuals than institutions, and

that he who ruled men could also dictate laws. His

foreign policy was no less astute. His great wealth

enabled him to supply money not only to private indi-

viduals, but even to foreign potentates. Philippe de

Comiues tells us that Cosimo frequently furnished

Edward IV. of England with sums amounting to many
hundred thousand florins. When Tommaso Parentucelli

was still a cardinal, and in needy circurej^tances, Cosimo
made him considerable loans without demanding guarantees

of payment. On the cardinal's accession to the tiara aa

Nicholas V. he was naturally very well disposed towards

Cosimo, and employed the Medici bank in Rome in all the

affairs of the curia, which brought immense profits to the

house. At tho time when Francesco Sforza was striving

for the lordship of Milan, Cosimo foresaw his approaching

triumph, showed him great friendship, and aided him with

large sums of money. Accordingly, when Sforza became
lord of Milan, Cosimo's power was doubled. Without the

title of prince, this merchant showed royal generosity in his

expenditure for the promotion of letters and the fine arts

Numerous edifices were raised and public works accom-
plished with his purse. Besides his palace in the city he
constructed noble villas at Careggi, Fiesole, and other places

He built the basilica of Fiesole, and that of St Lorenzo in

Florence, and enlarged tho church and monastery of St ilark.

Even in distant Jerusalem he endowed a hospice for the

USB of pilgrims. The artists of the day comprised men like

Doiiatello, Brunelleschi, Ghiberti, Luca della Kobbia, and
many others, and Cosimo's magnificent commissions not only
developed their powers but stimulated other men of wealth
to tlie patronage of art. Without being a scholar, Cosimo
had a genuine taste for letters, and gave them much and
erticient patronage Ho purchased many Greek and Latin
manuscripts; he opened tho first public library at St Mark's
at his own expense, and founded another in the abbey of

Fiesole. The Greek refugees from Constantinople found
u constant welcome in his palace. During tho council of

Florence (1439-144-), Gcmisthus Pletho bpoke to him
with enthusiasm of the Platonic philosophy. Cosimo was
po deeply attracted by tho thenio that ho decided to have
tlio young Marsilio Ficino trained in philosophy and Greek
learning in order to make a Latin translation of the
complete works of Plato. And thus a version was pro-

duced that is still considered one of the best extant, and
that Platonic academy w.as founded which led to such
important results in the history of Italian philosophy and
letters. On tho 1st of August 1461 Cosimo breathed his

last, at the age of seventy-five, while engaged in listening

to one of Plato's dialogues.

Tho concluding years of his life had been years of little

happiness for Florence. Being old and infirm, he had left
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the govcriimciit to the management of his friends, among
whom Luca Pitti was one of the more powerful, and they

had ruled with disorder, corruption, and cruelty. The
lordship of Florence accordingly did not pass without some
difficulty and danger into the hands of Piero, surnamed the

Gouty, Cosimo's only surviving legitimate son. Afflicted

by gout, and so terribly crippled that he was often only

able to use his tongue, the new ruler soon discovered thai

a plot was on foot to overthrow his power. Howfivee
showing far more courage than he was supposed to possea
he had himself borne on a litter from his villa to Florence,

defeated his enemies' designs, and firmly re-established his

authority. But his success may be mainly attributed to the

enormous prestige bequeathed by Cosimo to his posterity.

Piero died at the end of five years' reign, on the 3d
December 1469, leaving two sons, Lorenzo (1449-92) aud
Giuliano (1453-78). The younger, the gentler and less

ambitious of tho pair, was, as we shall presently see,

quickly removed from the world. Lorenzo, on the con-

trary, at once seized the reins of state with a firm grasp,

and was, chronologically, the second of the great men
bestowed upon Italy by the house of Medici. In literary

talent he was immensely superior to Cosimo, but greatly his

inferior in the conduct of the commercial affairs of the house,

for which he had neither aptitude nor inclination. In

politics he had nobler conceptions and higher ambitions, bat

he \^;as more easily carried away by his passions, less prudent

in his revenge, and more disposed to tyranny. He had
studied letters from his earliest years under the guidance

of Ficino and other leading literati of the day, who were

constant habitues of the Medici palace. At the age of

eighteen he visited the different courts of Italy in order to

gain experience of the world and mankind. At his father's

death he was only twenty-one years old, but instantly

showed his determination to govern Florence with greater

despotism than Lis father or grandfather. He speedily

resorted to the system of the "balle," and was very dexterous

in causing the first to be chosen to suit kis purpose. He
then proceeded to humiliate the great families and exalt

those of little account, and this was the policy he constantly

pursued. His younger brother Giuliano, being of a mild

and yielding disposition, had only a nominal share in the

government.

Lorenzo's policy was not exempt from danger, but,

although pnsecuted with less cautoii, it was still the old

astute and fortunate policy initiated by Cosimo. But the

grandson bestowed no care upon his commercial interests,

although sqirandcting his fortune with far greater lavish-

ness. Accordingly he was sometimes driven to help himself

from the public purse without ever being able to assist it

as Cosimo had done. All this excited blame and enmity

against him, while his greed in the matter of the alum

mines of Volterra, and the subsequent sack of that

unhappy city, were crimes for which there was no excuse.

Among his worst enemies were the Pazzi, and, as they

formed a very powerful clan, he sought their ruin by
competing with them even in business transactions. They
were just on the point of inheriting the large property o£

Giovanni Borromeo when, in order to prevent this. Lorenza

hurriedly caused a law to be passed that altered the righ,|

of succession. Tho hatred of the Pazzi was thtrtby exa*
perated to fury And in addition to these things there

ensued a desperate quarrel with Pope Sixtus IV , a man
of very impetuous temper, who, on endeavouring to erect

a state "n the frontiers of the Florentine republic for the

benefit of his nephews, found a determined and successful

opponent in Lorenzo, Consequently tho Pazzi and Arch-

bishop Salviati, another enemy of Lorenzo, aided by the

nephews of tho pont'ff, who was himself acquainted with

the nhole matter, determined to put an end to the family.
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On tlis 26tli Aprii HIS, while Giuliano and Lorenzo were

attending high mass in the cathedral of Florence, the

former was mortally stabbed by conspirators, but the latter

was able to beat back his assailants and escape into the

sacristy. His Life saved; and, no longer having to share the

government with a brother, Lorenzo profited by the oppor-

tunity to wreak cruel vengeance upon his foes. Several of

the Pazzi and their followers were hanged from the palace

windows ; others were hacked to pic ces, dragged through the

streets, and cast into the Arno, vrhile a great many more

were condemned to death or sent into exile. Lorenzo seemed

willing and able to become a tyrant. But he stopped short

of this point. He knew the temper of the city, and had

also to look to fresh dangers threatening him from with-

out. The pope had excommunicated him, put Florence

under an interdict, and, being seconded by the Neapolitan

king, made furious war against the republic. These

hostilities speedily assumed alarming proportions, and the

Florentines began to tire of submitting to so many hard-

ships in order to support the yoke of a fellow-citizen.

Lorenzo's hold over Florence seemed endangered. But he

did not lose heart, and, on the contrary, rose superior to

the difficulties by which he was encompassed He boldly

journeyed to Naples, to the court of King Ferdinand of

Aragon, who was reputed to be as treacherous as he was
cruel, and succeeded in obtaining from him an honourable

peace, that soon led to a reconciliation with Sistus. Thus
at last Lorenzo found himself complete master of Florence,

and was in a position to turn his power to account. But,

as the " balie " changed every five years, it was always re-

quisite, in order to retain his supremacy, that he should be

prepared to renew the usual manauvre at the close of that

term and have another elected equally favourable to his aims.

This was often a difficult achievement, and Lorenzo showed

much dexterity in overcoming all obstacles. In 1460 he

compassed the institution of a new council of seventy,

which was practically a permanent " balia " with extended

powers, inasmuch as it not only elected the chief magis-

trates, but had also the administration of numerous state

affairs. But, this permanent council of his own devoted

adherents once formed, his security was firmly established.

By this means, the chroniclers tell us, "liberty was buried,"

but the chief affairs of the state were always conducted by
intelligent and experienced men, who promoted the public

prosperity. Florence was still called a republic ; the old

institutions were still preserved, if only in name. Lorenzo

was absolute lord of nil, and virtually a tyrant. His im-

morality was scandalous ; he kept an army of spies, and
frequently meddled in the citizens' most private affairs,

and exalted men of the lowest condition to important

offices of the state. Yet,' as Guicciardini remaiis, " if

Florence was to have a tyrant, she could never have found

A better or more pleasant cue.'' In fact all industry, com-

merce, and public works made enormous progress. The
civil equality of modern states, which was quite unknown
to the Middle Ages, was more developed in Florence than

in any other city of the world. Even the condition of the

peasantry was far more prosperous than elsewhere. And
Lorenzo's authority was not confined to Tuscanj-, but was
also very great throughout the whole of .Italy. He was
on the friendliest terms with Pope Innocent VIII., from
whom he obtained the exaltation of his son Giovanni to the

cardinalate at the age of fourteen. This boy cardinal was
afterwards Pope Leo X, From the moment of the decease

of Sixtus IV., the union of Florence and Rome became the

basis of Lorenzo's foreign policy. By its means he was
able to prevent the hatreds and jealousies of the Sforzas of

Milan and the Aragonese of Naples from bursting into the

q)cn conflict that long threatened, and after his death

actually caused, the beginaiug of new aud irrepacable

calamities. Hence Lorenzo was styled the needle of tho

Italian compass.

But the events we have narrated cannot suffice for the

full comprehension of this complex character, unless we
add the record of his deeds as a patron of letters and his

achievements as a writer. His palace was the school and
resort of illustrious men. AVithin its walls were trained

the two young Medici afterwards knowu to the world as

Leo X. aud Clement Vfl. Ficino, Poliziano, Pico della

^Mirandola, and all members of the Platonic academy
were its cunstant habitufe. It was here that Pulci gave

readings of his Jloiyanle, and Michelangelo essayed the

first strokes of his chisel. Lorenzo's intellectual powers

were of exceptional strength and versatility. He could

speak with equal fluency on painting, sculpture, music,

philosophy, and poetry. But his crowning superiority over

every other Miecenas known to history lay in his active

participation in the intellectual labours that he promoted.

Indeed at certain moments he was positively the leading

spirit among the literati of his time. He wa.s an elegant

prose writer, and was likewise a poet of real originality.

At that period Italians were forsaking erudition in order

to forward the revival of the ns.tional literature by recur-

ring to the primitive sources of the spoken tongue and
popular verse. It is Lorenzo's lasting glory to have beeu

the initiator of this movement. Without being— as somu
have maintained—a poet of genius, he was certainly a
viriter of much finish and eloquence, and one of the first toi

raise popular poetry to the dignity of art. In his Ambia,
his Caccia del Falcone, and hisiVf;itia da Barhermo, he gives

descriptions of nature and of ihe rural life that he loved,

with the graphic power of an acute and tasteful observer,

joined to an ease of style that occasionally sins by excess

of homeliness. Both in his art and in his politics he leant

upon the people. The more oppressive his government,

the more did he seek in his verses to incite the public to

festivities and lull it to slumber by sensual enjoyments.

In \)\i Ballate, or songs for dancing, and more esijeciallv

in his carnival songs, a kind of verse invented by himself,

Lorenzo di.'-played all the best qualities and worst defects

of his muse. Marvellously and spontaneously elegant,

very truthful and fresh in style, fertile in fancy and rich

in colour, they are often of a most revolting indecency.

And these compositions of one filling a princely station iii

the city were often sung by their author in the public

streets, in the midst of the populace.

Lorenzo left three sons,—Pietru (1471-1503), Giovanni

(1475-1521), and Giuliano (1479-1516). He was suc-

ceeded by Pietro, whose rule lasted but for two years.

During this brief term he performed no good deeds, and
only displayed inordinate vanity and frivolitj'. His con-

duct greatly helped to foment the hatred between Lodovico
Sforza and Ferdinand of Naples, which hastened tlio

coming of the French under Charles VIII., and the renewal

of foreign invasions. No sooner did the French approach

the frontiers of Tuscany than Pietro, crazed with fear,

hastened to meet them, and, basely yielding to every

demand, accepted terms equally humiliating to himself

and the state. But, returning to Florence, he found
that the enraged citizens had already decreed his deposi-

tion, in order to reconstitute the republic, and was there-

fore compelled to escape to A'enice. His various plots

to reinstate himself in Florence were all unsuccessful.

At last he went to the south of Italy with the French,

was drowned at the passage of the Garigliano in 1503,

and was buried in the cloister of Monte Cassino.

The ensuing period was adverse to the Medici, for a

republican government was maintained in Florence from
1494 to 1512, and the city remained faithful to its alliance

wjtli thfe French, who were all-powerful in Italy. Cardinal
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tJiovanni,~^tlie Lead of the family, resided in I'lOnie,

playing the patrun to a circle of literati, artists, and friends,

.seeking to increase bis popularity, and calmly waiting for

better days. The battle of Ravenna wrought the downfall

of the fortunes of France in Italy, and led to the lise of

those of Spain, whose troops entered I'lorence to destroy

the republic and reinstate the Jledici. Pietro had now been

dead for some time, leaving a young son, Lorenzo (1492-

151Q), who wasafterv/ardsdukeof Urbino. The following

year (151.3) Cardinal Giovanni was elected pope, and
iissumed the name of Leo X. He accordingly removed to

Rome, leaving his brother Giuliano with his nephew
Lorenzo in I'lorence, and accompanied by his cousin

jUiulio, who was a natural son of the Giuliano murdered
HI the conspiracy of the Pazzi, and was soon destined

to be a cardinal and ultimately a pope. Meanwhile his

kinsmen in Florence continued to govern that city by
means of a " balia," although preserving an empty show
of republican institutions. And thus, being masters of

the whole of central Italy, the Medici enjoyed great

authority throughout the country, and their ambition

plumed itself for still higher flights. This was the moment
when Niccolo Machiavelli, in his treatise The Prince,

counselled them to accomplish the unity of Italy by arming

the whole country, and expelling its foregin invaders.

Leo X., who is only indirectly connected with the

history of Florence, gave his name to the age in which he

lived in consequence of his magnificent patronage of art

and letters in Kome. But he was merely a clever amateur,

and had not the literary gifts of his father Lorenzo.

He surrounded himself with versifiers and inferior writers,

who enlivened his board and accompanied him wherever he

went. He liked to lead a gay and untroubled life, was fond

of theatrical performances, satires, and other intellectual

diversions. His patronage of the fine arts, his genuine

affection for Raphael, and the numerous works he caused to

be executed by him and other artists, have served to

confer an exaggerated glory on hi? name. He failed to

comprehend the significance of the great religious movement
already stirring in Germany, and had not the remotest idea

of the grave importance of the Reformation, which indeed

he unconsciously promoted by his reckless and shameless

sale of indulgences. The whole policy of Pope Leo X.

consisted in oscillating between France and Spain, in always

playing fast and loose, and deceiving both powers in turn.

Yet the evil results of this contemptible policy never

seemed to disturb his mind. He finally joined the side of

the emperor Charles V., and in 1521, at the time of the

defeat of the French by the Spanish troops on the river

Adda, he ceased to breathe at his favourite villa of JIagliana.

Giuliano dei Medici had died during Leo's reign, in 151G,

without having ever done anything worthy of record. He
was the husband of Philiberta of Savoy, was duke of

Nemours, and left a natural son, Ippolito dei Medici

(1511-1535), who afterwards became a cardinal. Lorenzo,

being of more ambitious temper, was by no means content

to remain atthe head of the Florence Government hampered
by many restrictions imposed by republican institutions,

and subject to the incessant control of the pope. In his

eagerness to nggruudizo his kinsmen, the latter had further

decided to give Lorenzo the duchy of Urbino, and formally

invested him in its rights, after expelling on false pretences

its legitimate lord, Francesco Maria della Rovere. This
prince, however, soon returned to Urbino, where he was
joyously welcomed by his subjects, and Lorenzo regained

possession only by a war of several mouths, in which
•lie was wounded. In 1519 he also died, worn out by
disease and excess. By his marriage with Madeleine de
la Tour d'Auvergne, he had one daughter, Caterina dei

Jledici (1519-89), married in ISS.T to Henry, duke of

Orleans, afterwards king of France. She played a loD^
and sinister part in the history of that country. Lorenn
also left a natural son named Alessandro, inheriting tht
frizzled hair and projecting lips of the negro or mulatto
slave who had given him birth. His miserable deatb
will be presently related. Thus the only three surviving

representatives of the chief branch of the Medici, Cardinal

Giulio, Ippolito, and Alessandro were all of illegitimate

birth, and loft no legitimate heirs.

Cardinal Uiulio, who had laboured successfully for th^

reinstatement of his family in Floenco in 1512, hud been
long attached to the pc'i:»:jn of Leo X. us his trusted

factotum and companion. He had been generally regarded
as the mentor of the pope, who had no liking for hard work.
But in fact, his frivolity notwithstanding, Leo X. always
followed his own inclinations. He had much aptitude for

command, and pursued his shuffling policy without any
mental anxiety. Giulio, on the contrary, shrank from all

responsibility, muddled his brains in weighiitg the reasons

for and against every possible decision, and was therefor©

a better tool of government in others' hands than he waa
fit to govern on his own account. When Giuliano and
Lorenzo died, the pope appointed the cardinal to the
government of Florence. In that post, restricted within

the limits imposed by republican institutions, and acting

under the continual direction of Rome, he performed his

duties fairly well. He caressed the citizens with hopes of

extended liberties, which, although never destined to he
fulfilled, long served to keep men's minds in a pleasant

flutter of expectation ; and when the more impatient spirits

attempted to raise a rebellion he speedily quenched it

in blood. When, after the death of Leo X. and the very

brief pontificate of Adrian VI., he was elected pope (1523)
under the name of Clement '\'II., he entrusted the govern-

ment of Florence to Cardinal Silvio Passerini conjointly

with Alessandro and Ippolito, who were still too young
to do much on their own account.

The pontificate of Leo X. had been a time of felicity

to himself if of disaster to Italy and the church. The reign

of Clement, on the contrary, was fatal to himself as well,'

a result chiefly due to his hesitating temper and continual

uncertainty of mind. His policy, like that of Leo X.,'

consisted in perpetual oscillation between France and
Spain. By his endeavours to trick all the world, he
frequently ended in being tricked himself. In 1525 he

was the ally of the French, who then suffered a terrible

defeat at Pavia, where their king Francis I. was taken

prisoner. The armies of Charles V. triumphantly ad-

vanced, without Clement being able to oppose any effectual

resistance. Both Rome and Florence were threatened

with a fearful catastrophe.

Thus far we have had no occasion to speak of the

younger branch of the Medici, descended from Lorenzo,

brother to Cosimo the Elder. Always in obscurity, and
always held in check by the elder line, it now seemed

to acquire new life, and first entered the arena of history

when the other was on the point of extinction. In fact

the most valiant captain of the papal forces was Giovanni

dei Jledici, afterwards known by the name of Giovanni

delle Bande Nere. His father was Giovanni, son of Pier

Francesco, who wa.s the son of Lorenzo, the brother of

Cosimo dei Medici. History has little to tell of the elder

Giovanni ; but his wife Caterina Sforza, of whom he was

the third husband, was a woman of more than masculine

vigour. Giovanni dei Medici married her in 1497, but

died in 1498, leaving her with one son who was christened

Lodovico, but afterwards took his father's name of

Giovanni (1498-152G). Trained to arms from his earliest

years, this youth inherited all the energy of hisjmother,

whose Sforza blood seemed to infuse new life into the.
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'younger Oi-audi of tlie Medici. Notwithstanding Lis

extreme youth, he had already achieved tlie title of

the best captain in Italy. He always fought with

immense dash and daring, and was devotedly lovud and

obeyed by his soldiery. He was the only leader who
opposed a determined resistance to the imperial forces.

He was seriously wounded at Tavia when fighting on the

French side. On his recovery he joined the army of the

League, and wa-s much euraged by finding that tlie duke

of Urbino, commander of the Venetian and papal forces,

would never decide on attacking. When the imperial

troops were struggling through the marshes of ilautua,

surrounded on every side, and without stores or ammuni-

tion, Giovanni could not resign himself to inactivity like

his colleagues in command. He was ignorant that the

imperialists had just received supplies and artillery from the

duke of Ferrara, and therefore daringly attacked them with

a small body of men without taking any precautions for

defence. One of the first shots fired by the enemy injured

him so fatally that he died a few daj's after. He was
married to Maria Salviati, by whom he had one son,

Cosirao (1519-1574), born, as we shall see, to lofty fortunes,

for he became the first grand-duke of Tuscany, and indeed

the founder of the grand-duchy and the new dynasty.

Jleanwhile the imperial army pursued its march upon
Rome, captured the Eternal City after a few hours' combat,

and cruelly sacked it during many days (1527). Thanks
to his perpetual shuffling and excessive avarice, the pope

found himself utterly forsaken, and, being unable to defend

,ihe city, was obliged to seek refuge in the castle of St

Angelo, whence he only effected his escape after some
months. Hethensigned atreatyof alliancewiththeemperor

;{1529), who sent an army to besiege Florence and restore

the Madici, whom the people had expelled in 1527 on the

te-establishment of the republic. After an heroic defence,

^he city was forced to surrender (1530); and, although it

Was expressly stipulated that tlie ancient liberties of

jFlorence should be respected,, every one foresaw that the

conditions would be violated. In fact, pope and emperor

immediately began to dispute as to which should be the new
lord of the city. Clement VII. had inhei'ited the traditional

family dislike for the younger branch of his kin, and so

the choice lay between the two bastards Ippolito and
Alessandro. The former being a cardinal, the latter was

Buke
' chosen. Alessandro, who already bore the title of duke of

Mesa- Citti di Penna, came to Florence in 1531, and by imperial

patent was nominated head of the republic. According

to the terms of this patent, the former liberty enjoyed

under the Medicean rule was to remain iutact. But no
previous ruler of the city had enjoyed hereditary power
confirmed by imperial patent, and such power was incom-

patible with the existence of a republic. Moreover,

Clement VII. showed dissatisfaction with the uncertainty

of the power conferred upon his kinsman, and finally

succeeded in obtaining additional privileges. On the 4th
of April 1532 a parliament was convoked for the last time
in Florence, and, as usual, approved every measure pro-

posed for acceptance. Accordingly a new council was
formed of two hundred citizens elected for life, forty-eight

of which number were to constitute a senate. Alessandro,

as duke of the republic, filled the post of gonfalonier, and
carried on the government with the assistance of three

senators, changed every three mouths, who took the place

of the suppressed signory.

The duke's chief advisers, and the contrivers of all these
arrangements, were Baccio Valori, Francesco Vettori, and
above all Francesco Ouicciardini,—men, especially the two
latter, of lofty political gifts and extensive influence. The
mind and character of Duke Alessandro were ax yet
oomparatirely unknown. At first lie seemed very auxlous

kiidc

to win the favour of the people, and disposed to rule witf
justice and prudence. But soon encountering difiiculties

that he was unable to overcome, he began to neglect the

business of the state, treated his new office as affording the

means for increased indulgence in pleasure and vice, and
acted as if the sole function of government consisted in

lulling the peo|ile by festivities and corrupting it by the

dissolute life of which he set the example. The question

of the moment was the transformation of the old re-

publican r(5gime into a princedom ; as an unavoidable

result of this change it followed that Florence was no

longer to be tlie ruling city to whose inhabitants alone

belonged the monopoly of political oSice. AVhen the

leading Florentine families realized, not only that the re-

public was destroyed, but that they were reduced to equality

with those whom they had hitherto regarded as their

inferiors and subjects, their rage was indescribable, and
hardly a day passed without the departure of influential

citizens who were resolved to achieve the overthrow of

their new ruler. They found a leader in Cardimd Ippolito

dei Medici, who was then in Rome, embittered ly the

preference given to Alessandro, and anxious to become

his successor with the least possible delay. Under the

pressure of terror the duke at once became a tyrant. He
garrisoned the different cities, aud began the erection in

Florence of tlie Fortezzsv da Basse, built chiefly at the ex-

pense of Filippo Strozzi, who. afterwards met his death,

within its walls.

In 1534 Clement VIT. died, and the election fell oil Paul

III., from whom Cardinal Ippolito hoped to obt.iin assistance

for his designs. Accordingly the principal Florentine

exiles were despatched on a mission to the emperor

Charles V. with complaints of Alessandro's tyranny and hia

shameless violation of the terms upon which the city had
surrendered. Cardinal Ippolito also represented his own
willingness to carry on the government of Florence in a

more equitable manner, and promised the emperor a large

sum of money. Beply being delayed by the emperor's

absence, he became so impatient that he set out, accom-

panied by several exiles, to meet Charles in Tunis, but on
the 10th of August 1535 died suddenly by the way, at Itri,

poisoned by order of Alessandro. Such at least was the

general belief, aud it was confirmed by the same fate be-

falling other enemies of the duke about the same time.

On tlie emperor's return from Africa, the exiles presented

themselves to him in Naples, and the venerable patriot

Jacopo Nardi pleaded their cause. Duke Alessandro,

being cited to appear, came to Naples accompanied by
Francesco Guicciardini, who by speaking in his defence

rendered himself odious to all friends of liberty, and
irretrievably tarnished his illustrious name. The cardinal

being dead, it was hard to find a successor to Alessandro.

On this account, and perhaps to some extent through the

emperor's personal liking for the duke, the latter rose higher

than before in the imperial favour, married Margaret of

Austria, the natural daughter of Charles, and returned to

Florence with increased power. And now Alessandro

indulged unchecked in the lowest excesses of t)Tanny, and
although so recently a bridegroom gave way to increased

libertinism. His whole time was passed in vicious haunts
and in scandalous adventures. In order to conceal the

obscurity of his birth, he left his mother to starve, and it

was even asserted that he finally got rid of her by poison.

His constant associate in this disgraceful routine was
his distant kinsman Lorenzo, generally known as Lorenzino
dei Medici. Of the younger branch of the Medici, the

latter was second cousin of the Cosimo already mentioned
as the son of Giovanni delle Bande Nere. He had much
culture and literary talent, but led an irregular life,

sometimes acting like a madman and sometimes like a
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villain. He was a writer of considerable elegauce, the

author of several plays, one of which, the .-1 ridosio, was held

to be among the best of the age, and lie was a worshipper

of antiquity. Notwithstanding these tastes, when in Rome
he knocked off the heads of some of the finest statues of

the age of Adrian, an act by which Clement VII. was so

incensed that he threatened to have him hanged. There-

upon Lorenzino fled to Florence, where he became the friend

of Duke Alessandro and his partner in tlie most licentious

excesses. They went together to houses of ill-fame, and

iolated private dwellings and convents. They often

showed themselves in public mounted on the same horse.

All Florence eyed them with disgust, but no one foresaw

the tragedy that was soon to take place.

Ou the evening of January 5th, 1537, after a day
pissed in the usual excesses, Lorenzino led the duke to

his own lodging, and left him there, promi.siug shortly to

return witli the wife of Leonardo Ginori. Alessandro,

worn out by the exertions of the day, fell asleep on the

couch while awaiting Lorenzino'ii return. Before long

the latter came accompanied by a desperado known aa the

Scoronconcolo, who aided him in falling on the sleeper.

Roused- by their first thrusts, the duke fought for his life,

and was only despatched after a violent struggle. The
murderers then lifted the body into bed, hid it beneath

the clothes, and, Lorenzino having attached a paper to it

bearing the words, vincit amor patris, laudiimqiie immensa
cnpido, they both fled to Venice. In that city Lorenzino
was assassinated some ten years later, in 1548, at the age

of thirty-twn, by order of Alessandro's successor. Thus he
was only about twenty-two at the time he committed the

murder. He wrote an Apologia, in which he defended
himself with great skill and eloquence, saying that he had
been urged to the deed solely by love of liberty. For this

reason alone he hud followed the example of Brutus and
played the part of friend and courtier. The tone of this

Apolofia is so straightforward, sometimes even so eloquent
and lofty, that we should be tempted to give it credence
were it possible to believe the as.iertions of one who not
enly by his crime but by the infamy of his previous and
subsequent career completely gave the lie to his vaunted
nobility of purpose. By Alessandro's death the elder branch
of the Medici became extinct, and thus the appearance of

the younger line was heralded by a bloody crime.

When the dnke's absence from his own palace was dis-

covered on the morning of January 6th, he was at first

supposed to have spent tlie night with one of his mistresses
;

but soon, some alarm being felt, search was made, and
Cardinal Cybo was the first to discover the murder.
Enjoining the strictest secrecy, he kept the corpse concealed
for three days, and then had it interred in the sacristy of

San Lorenzo. Meanwhile he had hastily summoned
Alessandro V^telli and the other captains, so that, by the
time Alessandro's death was made public, the city was
already filled with troops. The cardinal then convoked
the council of forty-eight to decide upon a successor
Alessandro's only issue was a natural son named Giulio,
aged five. The cardinal favoured his election, in the hope
of keeping the real sovereignty in his own hands. But he
speedily saw the impossibility of carrying out a design that
was ridiculed by all. On tlie other hand, Guicciardini,
Vettori, and others of the leading citizens favoured the
choice of Cosimo, the son of Giovanni delle Bando Xcre.
He was already in Florence, was aged seventeen, was
keen-witted and aspiring, strong and handsome in person,
heir to the enormous wealth of the Medici, and, by the
terms of the imperial patent, was Alessandro's lawful
successor. Charles V. approved the ni»mination of Cosimo,
who without delay seized the reins of government with a
firm grasp, Like Alessandro, he was named head of the

republic; and Guicciardini and others who had worked

hardest in his cause hoped to direct him and keep him
under their control. But Cosimo soon undeceived them
by proving that, his youth notwithstanding, he had a will

of his own, and was resolved to rule unshackled by
republican forms and unhampered by advisers di.sposed to

act as mentors. The Florentines had now an absolute

prince who was likewise a statesman of eminent ability.

Ou learning the death of Alessandro and the election of

Cosimo, the exiles appreciated the necessity for prompt

action, as all delay would be fatal to the overthrow of the

Medicean rule. They had received money and promise.?

from France ; they were strengthened by the adhesion of

Filippo Strozzi and Baccio Valori, who had both become
hostile to the Medici through the infamous conduct and

mad tyranny of Alessandro; and IStrozzi brought them the

help of his enormous fortune and the prowess of that very

distinguished captain, his son Piero. The exiles accordingly

met, and assembled their forces at Jlirandola. They had
about four thousand infantry and three hundred horse;

among them were members of all the principal Florentine

families ; and their leaders were Bernardo Salviati and

Piero Strozzi. They marched rapidly, and entered Tuscany
towards the end of July 1537. Cosimo on this occasion

displayed signal capacity and presence of mind. Fully

informed of the exile.s' movements by means of Lis spies,

he no sooner learned their approach than he ordered

Alessandro Vitelli to collect the best German, Spanish,

and Italian infantry at his disposal, and advance against the

enemy without delay. On the evening of July 31 Vitelli

marched towards Prato with seven hundred picked infantry

and a band of one hundred horse, and on the way fell in

with other Spanish foot soldiers who joined the e.vpeditiopj.

At early dawn the following mocning he made a eudden

attack on the exiles' advanced guard ckise to Montemurlo,

an old fortress converted into a villa belonging to tiie

Nerli. Having utterly routed them, he proceeded to storm

Montemurlo, where Filippo Strozzi and a few of his young
comradeshad taken refugeand barricaded the gates. Know-
ing that they mu.st either conquer or die, they made a

desperate resistance for some hours; and tlien, overwhelmed

by superior numbers, were obliged to yield themselves

prisoners. The main body of the army was still at some

distance, having been detained in the mountains by heavy

rains and difficult passes, and, on learning the defeat at

^lontemurlo, its leader refused to advance, and turned back

by the way he had come. Alessandro Vitelli then re-

entered Florence with his victorious army and his fettered

captives. Cosimo had achieved his first triumph.

All the prisoners, who were members of great families,

were brought before Cosimo, and were received by him with

courteous coldness. Soon, however, a scaffold was erected

in the Piazza, and on four mornings in succession four of

the prisoners were beheaded. Then the duke saw fit to

stay the executions. Baccio Valori, however, and his sou

and nephew were beheaded on the 20th of August in the

courtyard of the Bargello. Filippo Strozzi still survived,

confined in the Fortezza da Basso, that had been built at

his expense. His family was illustrious, he had numerou'i

adherents, and he enjoyed the protection of the French king.

Nevertheless Cosimo only awaited some plausible pretext

to rid himself of this dreaded cnemj*. He brought him to

trial and had him put to the question. But this cruelty

led to nothini;, for Strozzi denied every accusation and

bore the torture with much fortitude. On December IStli

he was found dead in his prison, with a blood-stained

sword by his side, and a slip of paper bearing these words :

eroriare (iliqnis nostris ex ossibus nltor. It was believed

that, having renounced all hope of his life being spared,

Strozzi had preferred suicide to death at the hands of tlie
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executiouer. Some, however, thought that Cosimo had
caused him to be murdered, and adopted this mode of con-

cealing the crime. The young prince's cold-blooded

maBsacre of his captives cast an enduring shadow upon

his reign and dynasty. But it was henceforward plain to

all that he was a man of stern resolve, who went straight to

his end without scruples or half measures. Before long he

was regarded by many as the incarnation of Machiavelli's

Prince, "inasmuch as he joined daring to talent and

prudence, was capable of great cruelty, and yet could

practise mercy in due season." Guicciardini, who still pre-

tended to act as mentor, and who on account of his many
services had a certain iuHuence over him, was obliged to

withdraw from public life and busy himself with writing

his Jlisior!/ at his villa of Arcetri. He died in this retreat

in 1540, and it was immediately rumoured that the duke

had caused him to be poisoned. This shows the estimation

in which Cosimo was now held. It was true that he

punished with death all who dared to resist his will. By
1540 sentence of death had been pronounced against four

hundred and thirty contumacious fugitives, and during his

reign one hundred and forty men and sis women actually

ascended the scaffold, without counting those who perished

in foreign lauds by the daggers of his assassins. He
reduced the old republican institutions to empty forms,

by making the magistrates mere creatures of his will.

He issued the sternest edicts against the rebels, particu-

larly by the law known as the " Polverina," from the

name of its proposer Jacopo Polverini. This law decreed

not only the confiscation of the property of exiles, but

likewise that of their heirs, even if personally acquired by

the latter. Cosimo ruled like the independent sovereign of

3. great state, and always showed the capacity, firmness, and

courage demanded by that station. Only, his state being

small and weak, he was forced to rely chiefly upon his

personal talent and wealth. It was necessary for him to

make heavy loans to the different European sovereigns,

especiftlty to' Charles V., the most rapacious of them

all, and to give enormous bribes to their ambassadors.

Besides, he had to carry on wars for the extension of his

dominions, and neither tis inherited wealth nor the large

sums gained by confiscating the estates of rebellious

subjects sufficed for all this outlay. He was accordingly

compelled to burden the people with taxes, and thus begin

at once to diminish its strength.

Cosimo bore a special grudge against the neighbouring

republics of Siena and Lucca. Although the latter was

small and weak, and the former garrisoned by Spaniards,

yet the spectacle of free institutions at the frontiers of his

own state served as a continual incitement to subjects dis-

affected to the new regime. In fact Francesco Burlamacchi,

a zealous Lucchese patriot, had conceived the design of

re-establishing republican government in all the cities of

Tuscany. Cosimo, with the emperor's help, succeeded in

having him put to death. Lucca, however, was an insig-

nificant state making no pretence of rivalry, whereas Siena

was an old and formidable foe to Florence, and had always

given protection to the Florentine exiles. It was now
very reluctantly submitting to the presence of a Spanish

garrison, and, being stimulated by promises of prompt and
efiicacious a-ssistance from France, rose in rebellion and
expelled the Spaniards in 15.32. Cosimo instantly seized

the opportunity, wrote to the emperor in terms that

appealed to his pride, asked leave to attack Siena, and
begged for troops to ensure the success of his enterprise.

As no immediate answer arrived, he feigned to begin

negotiatious with Henry IL of France, and, by thus arous-

ing the imperial jealousy, obtained a contingent of German
and Spanish infantry. Then came a long and bloody war.

Siena was besieged for fifteen months, and its inhabitants,

aided by the valour of Piero Strozzi, who fougK viwder th*.

French flag, made a most heroic resistance, even womeu
and children helping on the walls. But fortune was
against them. Piero Strozzi sustained several defeats, and
finally the Sienese, having exhausted their ammunition and
being decimated by famine and the sword, were obliged to

capitulate on honourable terms that were shamelessly

violated. By the varied disasters of the siege and the num-
ber of fugitives the population was reduced from forty to

eight thousand inhabitants. The republicans, still eager

to resist, withdrew to Montalcino. Cosimo now ruled the

city and territory of Siena in the name of Charles V., who
always refused him its absolute possession. After the

emperors abdication, and the succession of Philip II. to the

Spanish throne, Cosimo at last obtained Siena and Ponto-

ferra by giving up his claim to a sum of 200,000 ducats

that he was to have received from Charles V. lu 1559

he also captured Montalcino, and thus formed the grand-

duchy of Tuscany, but he continued to govern the new state

—i.e., Siena and its territories—separately from the old.

His rule was intelligent, skilful, and despotic; but hi.<

enormous expenses drove him to rabe large sums of money
by special contrivances unsuited to the country and the

people. Hence, notwithstanding the genius of its founder,

the grand-duchy held from the first the elements of its future

decay. Cosimo preferred to confer office upon men of

humble origin in order to have pliable tools, but he also

liked to be surrounded by a courtier aristocracy on the

Spanish and French pattern. As no Tuscan aristocracy any

longer existed, he created new nobles, and tempted foreign

ones to come by the concession of various feudal privileges

;

and, in order to turn this artificial aristocracy to some account,

he founded the knightly order of St Stephen, charged

with the defence of the coast against pirates, which in coujse

of time won much honour by its prowess. He also estab-

lished a small standing army for the protection of his fron-

tiers ; but, as we have seen, he generally employed German
and Spanish troops for his wars, and always had a foreign

bodyguard. At the commencement of his reign he opposed

the popes in order to maintain the independence of his

own state ; but later, to obtain help, he truckled to them

in many ways, even to the extent of giving up to the

Inquisition his own confidant, Piero Carnesecchi, who,

being accused of heresy, was beheaded and burnt in 1567.

In reward for these acts of submission, th? popes showed

him friendship, and Pius V. granted him tte title of grand- Title o

duke, conferring the patent and crown upon him in Borne, gi-aml-

although the emperor had always withheld his consent.
^'^^'^

Finally, however, the latter confirmed the title to Cosimo's

successor. The measure most injurious to Tuscany was

the fiscal system of taxes, of which the sole aim was to

extort the greatest possible amount of money. The con-

BSquent damage to industry, commerce, and agriculture was

immense, and, added to the devastations caused by the

Sienese war, led to their utter ruin. Otherwise Cosimo

did not neglect useful measures for the interior prosperity

of his state. He was no Mjecenas, but nevertheless

restored the Pisan university, enlarged that of Siena, had

the public records classified, and also executed public works

like the Santa Trinitk bridge. During the great inunda-

tions of 155" he turned his whole energy to the relief of

the sufferers.

In 1539 he had espoused Eleonora of Toledo, daughter

of the viceroy nf Xaples, by whom he had several children.

Two died in 1502, and their mother soon followed them to

the grave. It was said that one of these boys, Don Garcia,

had murdered the other, and then been killed by the

enraged father. Indeed Cosimo was further accused of

having put his own wife to death ; but neither rumour had

any foundation. He now showed signs of illness and failnra
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of strength. He was not old, but worn by the cares of state

and selfiodulgence. Accordingly in 15G4 be resigned the'

government to his eldest son, who was to act as his

lieutenant, since he wished to remain the virtual head of the

state and have power to resume the sceptre on any

emergency. In 1570, by the advice of Pias V., he married

Camilla Martelli, a young lady of whom he had been long

enamoured. In 1574 he died, at the age of fifty-four years

and ten months, after a reign of thirty-seven years, leaving

three sons and one daughter besides natural children. These

sons were Francesco, his successor, who was already at the

head of the government. Cardinal Ferdinand, and Piero.

Francesco!., born in 154-1, began to govern as his father's

lieutenant in 15G4, and was married in 1565 to the arch-

duchess Giovanna of Austria. On beginning to reign on

his own account in 1574, he speedily manifested his real

character. His training in the hands of a Spanish mother

had made-him suspicious, false, and despotic. Holding

everyone aloof, he carried on the government with the

assistance of a few devoted ministers. He compelled his

etepmother to retire to a convent, aud kept his brothers at

a distance from Florence. He loved the privileges of

power without its burdens. Cosimo had known how to

maintain his independence, but Francesco cast himself like

a vassal at Austria's feet. He reaped his reward by
obtaining from Maximilian IL the title of grand-duke, for

which Cosimo had never been able to win the imperial sanc-

tion, but he forfeited all independence. Towards Philip II.

he showed even greater subraissiveness, supplying him with

large Jums of money wruug from his over-taxed people.

Ho held entirely aloof from France, in order not to awake
the suspicions of his protectors. In short, under his rule

the history of Tuscany was reduced to a mere record of

local and municipal events. To increase his funds, he

traded on his own account, thus creating a monopoly
that was ruinous to the country at large, and led to an enor-

mous number of failures. He raised the tax upon corn to

BO high a rate that few continued to find any profit in grow-

ing it, and thus the .Marcmme, already partly devastated

during the war wuh Sie.iia, were converted into a desert.

Even industry declined under this system of government;
Hnd, although Francesco founded porcelain manufactories

and pietra dura works, they did not rise to any prosperity

until after his death. His love of science and letters was
the only Medicean virtue that he possessed. He had an
absolute passion for chemistry, and pa.->sed much of Lis time
in his laboratory. Sometimes indeed ho gave audience to

liis secretaries of state standing before a furnace, bellows

in hand. He took some useful measures to promote the

rise of a new city at Leghorn, which at that time had only

a natural and ill-sheltered harbour. The improvement of

.Leghorn hid been first projected by Cosimo I., and was
carried on by all the succeeding .Medici. Francesco was
a slave to his passions, and was led by iliem to .scandalous

excesses and deeds of bloodshed. Ills e.xample and
neglect of the affairs of the state .-.oon caused a vast increase

of crime even amojig the peo^de, and, during the first

eighteen months of his reign, there occurred no less than
one hundred and sixty-eight murders.

In default of public events, the historians of this

jieriod enlarge upon private incident.s, generally of a
iicandalous or sanguinary kind. In 157.") Orazio Pucci,

wishing to avenge his father, whom Cosimo had hanged,
determined to get up a conspiracy, but, soon recognizing
how firmly tho .Medicean rule had taken root in the country,
<le3isted from the attempt. Cut tho grand-duke, on hear-

ing of the already abandoned plot, immediately caused
I'ucci to be hanged from the same window of tho Palazzo
Vec( hio, and I'ven from the same iron stanchion, from which
Ilia father before him had hung. His companions, who

had fled to France and England, were pursued and murdered
by the ducal emissaries. Their possessions were con-

fiscated, and the " Polverina " law applied so that the con-

spirators' heirs were reduced to penury, and the grand-duke
gained more than 300,000 ducats.

Next year Isabella dei Medici, Francesco's sister, was
strangled in her nuptial bed by her husband, Paolo Giordano
Orsini, whom she had betrayed. Piero dei Medici,

Francesco's brother, murdered his wife Eleonora of Toledo
from the same motive. Still louder scandal was caused by
the duke's own conduct. He was already a married man,
when, passing one day through the Piazza of St Mark in

Florence, he saw an exceedingly beautiful woman at the

window of a mean dwelling, and at once conceived a passion

for her. She was the famous Bianca Cappello, a Venetian
of noble birth, who had eloped with a young Florentine

named Pietro Buonaventuri, to whom she was married at the

time that she attracted the duke's gaze. - He made her

acquaintance, and, in order to see her frequently, nominated
her husband to a post at court. Upon- tliis, Buonaventuri
behaved with so much insolence, even to the nobility, that

one evening he was found murdered in the sticet. Thus
the grand-duke, who was thought to have sanctioned the

crime, was able to indulge his passion unchecked. On the

death of the grand-duchess in 1578 he was privately united

to Bianca, and afterwards married her publicly. But she
had no chilc^en, and this served to poi,«on her happiness,

sir.ee the next in succession was her bitter enemy, the
cardinal Ferdinand. The latter came to Florence in

1587, and was ostentatiously welcomed by Bianca, who was
most anxious to conciliate him. On October 18th of the-

same year, the grand-duke died at his villa of Poggio
a Caiano, of a fever caught on a shooting excursion in the

ilaremme, and the next day Bianca also expired, having
ruined her health by drugs taken to cure her sterility. -But

rumour asserted that she had prepared a poisoned tart for

the cardinal, and that, when he suspiciously insisted on the

grand-duke tasting it first, Bianca desjierately swallowed
a. slice and followed her husband to the tomb.

Such was the life of Francesco dei Jledici, and all that

can be said in his praise is that he gave liberal encourage-

ment to a few artists, including Giovanni Bologna, who
pxecuted for him the group of the Piape of the Sabines..

He was the founder of the Uffizi gallery, of the Medici
theatre, and the villa of Pratolino ; and during his reigu

the Delia Cruocan academy was instituted.

Ferdinand I. was thirty-eight years of age when, in 1587,1

he succeeded his brother on the throne. A cardiii il from the

age of fourteen, he had never taken holy orders. He showedil

much tact and experience in the management of ecclesi^j

astical affairs. He was the founder of the Villa Medici at

Rome, and the purchaser of many priceless works of art,

such as tho Kiobe group and many other statues afterwards

transported by him to Florence. After his accession he
retained the cardinal's purple until the time of his marriage.

He was in all re.spects his brother's opposite. Affable in

his manners and generous with his purse, he chose a crest

typical of the proposed mildness of his rule,—a swarm of

bees with the motto }[njeslate tariltim. He instantly

pardoned all who had opposed him, and left his kinsmem
at liberty to choose their own place of residence. Occa-
sionally, for political reasons, he committed acts unworthy
of his character ; but he re-established the administration)

of justice, and sedulously attended to the business of thw
state and the welfare of his subject.*. Accordingly
Tuscany revived under his rule and regained the independ-
ence and political dignity that his brother had sacrificedi

to love of ease and personal indulgence. He favoured
commerce, and etTectually ensured the prosperity of

Leghorn, by an edict enjoining toleration towards Jews and
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heretics, wLich led to the settlement of many foreigners in

that city. He also improved the haibour and facilitated

communication with Pisa by means of the Naviglio, a canal

into which a portion of the water of the Arno was turned.

He nevertheless retained the reprehensible custom of trad-

ing on his own account, keeping banks in many cities of

Europe. He successfully accomplished the draining of the

Val di Chiana, cultivated the plains of Pisa, Fucecchio,

aiid Val di Nievole, and executed other works of public

utility at Siena and Pisa. But his best euergies were

devoted to the foreign policy by which he sought to

emaucipate himself from subjection to Spain. On the

as-sassiuation (1589) of Henry III. of France, Ferdinand

supported the claims of the king of Navarre, undeterred

by the opposition of Spain and the Catholic League, who
were dismayed by the prospect of a Huguenot succeeding

to the throne of France. He lent money to Henry IV., and
strongly urged his conversion to Catholicism ; he helped

to persuade the pope to accept Henry's abjuration, and
pursued this policy with marvellous persistence until his

efforts were crowned with success. Subsequently, however,

Henry IV. showed faint gratitude for the benefits conferred

upon him, and paid no attention to the expostulations of

the grand duke, who then began to slacken his relations

with France, and showed that he could guard his independ-

ence by other alliances. He gave liberal assistance to

Philip III. for the campaign of the latter in Algiers, and to

the emperor for ihe war' with the Turks. Hence he was
compelled to burden his subjects with enormous taxes,

forgetting that while guaranteeing the iadependetfce of

Tuscany by his loans to foreign powers he was increasingly

sapping the strength of future generations. He at last

succeeded in obtaining the formal investiture of Siena,

which Spain had always considered a fief of her own.

During this grand-duke's reign the Tuscan navy was
notably increased, and did itself much honour on the

Mediterranean. The war-galleys of the knights of St

Stephen were despatched to the coast of Barbary to attack

Bona, the headquarters of the corsairs, and they captured

the town with much dash and bravery. And in the

following year (1608) the same galleys achieved their most
brilliant victory in the archipelago over the stronger fleet

of the Turks, by taking nine of their vessels, seven hundred
prisoners, and a store of jewels of the value of 2,000,000

I ducats.

Ferdinand I. died in 1609, leaving four sons, of whom
the eldest, Cosimo II., succeeded to the throne at the age

of nineteen. Ho was at first assisted in the government
by his mother and a council of regency. He had a good
disposition, and the fortune to reign during a period

when Europe was at peace and Tuscany blessed with

abundant harvests. Of his rule there is little to relate.

His chief care was given to the galleys of St Stephen, and he
sent them to assist the Druses against the Porte. On one
occasion he was involved in a quarrel with France. Coiicinu

Concini, the Marshal d'Ancre, being assassinated in 1617,
Louis Xlir. claimed the right of transferring the property
of the murdered man to De Luyues. Cosimo opposed the

decision, and, refusing to recognize the confiscation decreed
by the French tribunals, demanded that Concini's son should
be allowed to inherit. Hence followed much ill-feeling and
mutual reprisals between the two countries, finally brought
to au end by the intervention of the duke of Lorraine.

Like his predecessors, Cosimo IL studied to promote the
prosperity of Leghorn, and he deserves honour for abandon-
ing all commerce on his own account. But it was no praise-
worljiy act to pass a law depriving women of almost all

rights of inheritance. By this means many daughters of
the nobility were driven into convents against their will
He gave scanty attention to the general affairs of the state.

He was fond of luxury, spent freefy on public fertlvitie*,

and detested trouble. Tuscany was apparently ti-anquil

and prosperous ; but the decay of which the beeds "ere

sown under Cosimo I. and Ferdinand I. was rapidly

spreading, and became before long patent to all and beyond

all hope of remedy. The best deed done by Cosimo II.

was the protection ac;orded by him to Galileo Galilei, who
had removed to Padua, and there made some of his grandest

discoveries. The grand-duke recalled him to Florence

in 1610, and nominated him court mathematician and

philosopher. Cosimo (fied in February 1621, after twelve

years of a quiet reign marked by no great event. Feeling

his end draw near, when he was only aged thirty and all

his sons were still in their childhood, he hastened to

arrange his family affairs. His mother, Cristina of Lorraine,

and his wife, Maddalena of Austria, were nominated

regents and guardians to his eldest son Ferdinand IL,

u boy of ten, and a council of four appointed, whose

functions were regulated by law. Accordiugly, after

Cosimo's death, the young Ferdinand was sent to Pionie and

Vienna to complete his education, and the government of

Tuscany remained in the hands of twojeidous and quarrel-

some women. Thus the administration of justice and

finance speedily went to ruin. Out of submissiveness to the

pope, the regents did not dare to maintain their legitimate

right to inherit the duchy of Urbino, and in 1623 sane-,

tioned the transfer of that right to the holy see. They
conferred exaggerated privileges on the new Tuscan nobility,

which became increasingly insolent and worthless. They
resumed the practice of trading on their own account,

and, without reaping much benefit thereby, did the

utmost damage to private enterprise.

In 1627 Ferdinand II. , then aged seventeen, returned to FerdinM^

Italy and assumed the reins of government ; but, boing of a H.

very gentle disposition, he decided on sharing his power with

the regents and his brothers, and arranged matters in such

wise that each was almost independent of the other. He
gained the love of his subjects by his great goodness; and,

when Florence and Tuscany were cruelly ravaged by the

plague in 1630, he showed admirable courage, and carried

out many useful measures. But he was totally incapable

of energy as a statesman. When the pope made bitter

complaints because the board of health had dared to subject,

certain monks and priests to the necessary quarantine, the

grand-duke insisted on his officers asking pardon on their

knees for having done their duty. On the death in 1631

of the last duke of Urbino, the pope was allowed to seize

the duchy without the slightest opposition on the part of

Tuscany. As a natural consequence the pretensions of the

Roman curia became increasingly exorbitant; ecclesiastics

usurped the functions of the state ; and the ancient laws of

the republic, together with the regulatious decreed by Cosimo

I. as a check upon similar abuses, were allowed to become
obsolete. On the extinction of the line of the Gonzagas at

Mantua in 1627, war broke out between France on the one

side and Spain, Germany, and Savoy on the other. The grand-

duke, uncertain of his policy, trimmed his sails according

to events. Fortunately peace was re-established in 1631.

Mantua and Monferrato fell to the duke of Nevers, as France

had always desired. But Europe was again in arms for the

Thirty Years' War, and Italy was not at peace. Urban
VIII. wished to aggrandize his nephews, the Barberini, by
^resting Castro and Ronciglione from Odoardo Farnese,

duke of Parma and brotherin-law to Ferdinand. Farnese

determined to maintain his rights, and marched his army
through Tuscany into the territories of the pope, who was

greatly alarmed by the attack. Naturally the grand-duke

was drawn into the war to defend his own state and hia

kinsman. His military opexations, however, were of th»

feeblest and often the most laughable character. At
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last, by means of tlie Frencli intervention, peace was made

in 16+4. But, although the pope was forced to yield, he

resigned none of his ecclesiastical pretensions in Tuscany.

It was during Fexdinand,'s reign that the septuagenarian

Galileo was obliged to appear before the Inquisition in

Rome, which treated him with mfamous cruelty. On the

death of this great and unfortunate man, the grand-duke

wished to erect a monument to him, but was withheld by

fear of tlie opposition of the clergy. The dynasty as well

as the country now seemed on tiie brink of decay. Two
of the grand duke's brothers had already died childless, and

Ippolito, the sole survivor, was a cardinal. Accordingly

tbo only remaining heir was Cosimo IH., married to a

wife who held him in detestation, and did her best to have

her marriage annulled or at least obtain a separation.

L'ke nearly all his predecessors, Ferdinand II. gave

liberal patronage to science and letters, greatly aided

therein by his brother Leopold, who had been trained by

Galileo Galilei, and who joined with men of learning in

founding the celebrated academy Del Cimento, of which he

was named president. Tliis academy took for its motto

the words Provando e riprovando, and followed the experi-

mental method of Galileo. Formed in 1657, it was dissolved

in 1667 in consequence of the jealousies and dissensions

of its members, but during its brief existence won renown

by the number and importance of its works.

Cosimo ni. succeeded his father in 1670. He was

weak, vain, bigoted, and hypocritical. In 1661 he had
espoused Louise d'Orl^ans, niece of Louis XIV., who,

being enamoured of Duke Charles of Lorraine, was very

reluctant to come to Italy, and speedily detested botlr her

husband and his country, of which she refused to learn the

language. She had two sons and one daughter, but after

the birth of her third child, Giovan Gastone, her hatred

lor her hOsband increased almost to madness. She first

withdrew to Poggio a Caiano, and then, being unable to get

her marriage annulled, returned to France, where, although
supposed to live in conventual seclusion, she passed the

greater part of her time as a welcome visitor at court.i

Even her testamentary dispositions attested the violencef

of her dislike to her husband.
,

Cosimo's hypocritical zeal for religion compelled liis

subjects to multiply services and processions, that greatly
infringed upon their working hours. He wasted enormous
sums in pensioning converts—even those from other
countries—and in giving rich endowments to sanctuaries.

Meanwhile funds often failed for the payment of Govern-
ment clerks and soldiers. His court was composed of

bigots and parasites ; he ransacked the world for dainties

for his table, adorned his palace with costly foreign

hangings, had foreign servants, and filled his gardens with

exotic plants. He purchased from the emperor the title of
" Highness " in order to be the equal of the 'duke of Savoy.
He remained neutral during the Franco-Spanish war, and
submitted to every humiliation and requisition exacted by
the emperor. He had vague notions of promoting agricul-

ture, but accomplished no results. At one time he caused
eight hundred families to be brought over from the Morea
for the cultivation of the Maremme, where all of them died

of fever. But when, ofter the revocation of the edict of

Nantes, French Huguenots offered to apply their labour
and capital to the same purpose, the grand-duke's religious

scruples refused them refuge. So ruin fell upon Tuscany.
Crime and misery increased, and the poor, who only a.sked

for work, were given alms and sent oftener to church. This
period witnessed the rise of many charitable institutions

of a religious character under the patronage of the grand
duke, ns for instance the congregation of San Giovanni
Battista. But these could not remedy the general decay.

Cosimo's dominant anxiety regarded the succe.ssiou to

the throne. His eldest son Ferdinand died childless in

1713. The pleasure-loving Giovan Gastone was married

to Anna Maria of Saxe-Laueuburg, widow of a Germim
prince, a wealthy coarse woman wholly immersed in

domestic occupations, and who seemed little likely to give

birth to any children. After living with her for some time

in a Bohemian village, Giovan Gastone yielded to bis

dislike to his wife and her country, withdrew to France,

and ruined his health by his excesses. After a bri'^f return

to Bohemia he finally separated from his wife, by tvhom he

had no family. Thus the dynasty was doomed to extinction.

Cosimo had a passing idea of reconstituting the Florentine

republic,but,this design being discountenanced by the Euro-

pean powers, he determined to transfer tlie succession, after

the death of Giovan Gastone, to his sisterAnna Maria Louisa,

who in fact survived him. For this purpose he proposed to

annul the patent of Charles V., but the powers objected to

this arrangement also, and by the treaty of 1718 the quad-

ruple alliance of Germany, France, England, and Holland

decided that Parma and Tuscany should descend to the

Spanish Infante Don Carlos. The grand-duke made
energetic but fruitless protests.-!

Cosimo III. had passed his "eightieth year at the time

of his decease in_ October 1723, and was succeeded by his

son Giovan Gastone, then aged fifty-three. The new
sovereign waa in bad health, worn out by dissipation, and'

had neither ambition nor aptitude for rule. His throne

Was already,at the disposal of foreign powers, and his only

thoughfonra^cending it was to regain strength enough to

pass the remainder of his days in enjoyment. He dismissed

the spies,- parasites, and bigots that had formed his father's

court, abolished the pensions given to converts, suppressed

Beveral taxes,' and prohibited the organized espionage estab-

lished in the family circle. He wished to live and let live,

and liked tho people to be amused. Everything in fact

bore 'a; freer and gayer aspect under his reign, and the

Tuscans seemed to feel renewed attachment for the dynasty^

as the moment of its extinction drew near. But the grand-'

duke was too feeble and incapable to accomplish any real

improvement. Surrounded by gay and dissipated young;

men, he entrusted all the cares of government to a certain'

Giuliano Dami, who drove a profitable trade by the sale of

offices and privileges. In this way all things were in the

haiids of corrupt individuals; while the grand-duke, com-

pelled to pass the greater part of his time in bed, vainly

sought diversion in the company of buffoons, and was

only tormented by perceiving that all the world disposed

of his throne without even asking his advice. And when,

after prolonged opposition, he had resigned himself to

accept Don Carlos as his successor, the latter led a Spanish

army to the conquest of Naples, an event afterwards lead-

ing to the peace of 1735, by which the Tuscan succession

was transferred to Francesco II., duke of Lorraine, and

husband of Maria Theresa. Giovan Gastone was finally

obliged to submit even to this. Spain withdrew her

garrisons from Tuscany, and Austrian soldiers took their

place and swore fealty to the grand-duke on the 5th of

February 1737. He expired on the 9th July of the same
year. Such was the end of the younger branch of the

Medici, which had found Tuscany a prosperous country,

where art, letters, commerce, industry, and agriculture

flourished, and left her poor and decayed in all n-ays,

drained by taxation, and oppressed by laws contrary to

every principle of sound economy, downtrodden by the

clergy, and burdened by a weak and vicious aristocracy.
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MEDICINE
PART I.—SYNOPTICAL VIEW OF MEDICINE.

MEDICINE, the subject-matter of one o'f the learned

professions, includes, as it now stands, a wide range

of scientific knowledge and practical skill. The history of

its growth from small beginnings in Greece is traced in

the second section of the present article; it remains

Lere to give a synoptical view of medicine, including its

ecientific or philosophical position, its subdivisions or

ramifications as an art and discipline, and its relations to

the body politic.

Scientific Position of Medicine.—The science of medicine
is the theory of diseases and of remedies. While the

notion of disease is necessarily or inevitably correlated

with the notion of health, there is no necessary and invari-

able relation, but, oa the other hand, a merely conventional
association, between a disease and a remedy. Th;it part of

the science of medicine which corresponds to the theory of

remedies is not therefore in a position scientifically inferior

to the theory of diseases ; for each article of the materia
medica—apart from a few inert substances—has a certain

effect on the organism in health and in disease, which is

Bscerffiinable with scientific precision. Those properties
and actions of drugs are the subject of pharmacology and
toxicology ; the circumstances under which the several

•rticlQs of the materia medica become remedial are the

subject of therapeutics, and therapeutics is dependent for

its scientific position upon the completeness of the theory

of diseases, or pathology.

Disease is the correlative of health, and the word is not

capable of a more penetrating definition. From the time of

Galen, however, it has been usual to speak of the life of th&

body either as proceeding in accordance with nature (Kara

(^va-i.v, secundum naturam) or us overstepping the bounds
of nature (Trapa <j>vcnv, fn-xler naturam). Taking disease

to be a deflexion from the line of health, the first requisite

of medicine is an extensive and intimate acquaintance with

the norm of the body. The normal condition of the body
is capable of being determined without ambiguity ; it is

the absence from its structures and functions of every

disease hitherto known. The structure and func^tions of

the body form the subject of anatomy and physiology.

'

Physiology is, strictly speaking, the . science of that

which is Kara (})v<7lv, or secundum naturam, and it is usual

to say that the theory of diseases is based upon physiology.

But, although all that was implied in the Hippoeratic term

</)i;'cris (natnra) may be claimed as the subject-matter of

physiology, yet, in the ordinary connotation of the term,

physiology divides the empire with anatomy. To physio-

logy the functions of the body are usually assigned, and tn,
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anatomy its form and structure. But, as a matter of fact,

tlie structures and functions of the organism are not

separable ; structure is correlated to function, whether

active, dormant, or extinguished, and in like manner
function is the twin notion of structure. In the ultimate

analysis neither term means anything without the other,

and both together mean life It. ii owing mostly to its

inittte that physiology is supposed ^o have a preponderant

interest for the theory of disease ; the word anatomy is

not well adapted to carry its own half of the structure-

and-functiou dualism. Both in the historical development

and in the logical connotation, anatomy is as much
associated with the living and moving body as physiology

itself ; but its etymology has always been against it, and
it has become more and more diliicult to retain for anatomy
anything beyond the technicalities of the dissecting-room.

The subject of general anatomy has for the most part dis-

appeared from modern text-books, its place being taken

by histology, wliich deals with the minute structure of

the simple tissues, and, in a nider acceptation, with the

finer anatomy of all the organs and parts of the body.

Histology, like anatomy, has had a somewhat technical or

descriptive role assigned to it ; and it is nov/ mainly

under physiology that the processes, activities, or living

mechanisms of the body fall to be considered. The deve-

lopment of the body as a whole, and of its several tissues

and organs, forms the subject of embryology ; many of

the physiological types of diseased processes, especially

the cellular, are discoverable in the embryological period.

For the period of development, no arbitrary separation has

been attempted hitherto between structure and function,

and embryology is, in theory at le^st, as much physiolo-

gical as anatomical. The development of function is a

legitimate and even desirable subject of scientific study,

and a more distinctive place is probably awaiting it in the

future: but so- indissoluble does the union of structure

and function present itself in the period of genesis and
growth that the function has Iiardly as yet come to be

abstKicted from the structure, or the .structure from the

function.

The theory of disease rests, therefore, upon physiology,

with its more or less technical adjuncts. Pathology is all

that physiology is, with the engrossing and difficult element

of perturbation,' deflexion, or shortcoming added. By
virtue of this element of deviation from the line of health,

l)athology is a discipline apart, with an abundant literature

of its own, and with separate academical institutes and
chairs. But pathology is also a discipline apart by virtue

of concepts proper to itself. A great part of the theory

of disease deals with changes or defects of structure and
perturbations or failings of function, which may be intri-

cate or difficult to analyse, but are still well within sight

of the lino of health. Such are the common diseases of

the organs and systems—the inflammations, catarrhs,

degenerations, hypertrophies, and functional derangements
without lesion of the respiratory, circulatory, nervous,

genitn-urinary, locomotor, and cutaneous systems. Con-
fclitutional or general diseases belong also to the province

of perturbations from the jihysiological course,—such
diseases as chlorosi.s, leukncmia, diabetes, gout, rheumatism,
Kcurvy, rickets, Addison's disease, exophthalmic goitre,

and the febrile state. Again, congenital deficiencies or

malformations, non-ctfncerous tumours, and the repairing
of injuries exemplify no other laws than those of develop-

ment and growth.

But with those examples the catalogue of physiological

diseases is exhausted. We are left with a vast residue of

diseases, which havo always bulked largely in the popular
mind, and have c.irried the most terrible associations with

them. Such are the pestilences or di.soases of peoples :
—

the plague, sweating sicknes.s, cholera, yellow fever,

typhus fever, relapsing fever, typhoid fever, diphtheria,

small-pox, measles, scarlet fever, influenza, dengue. Such

also are the cancers, consumptions, leprosies, and other

loathsome infections. This enormous residue is more

than the half of disease, and the definition of disease or

the scheme of pathology is brought to a test in finding

room within its scientific categories for such maladies as

those. The popular imagination in all countries has per-

sonified them ; medicine in its metaphysical period has

regarded them as entities or things in themselves ; and it

remains to be seen in what way or to what extent medicine

in its scientific period will bring them within the category

of perturbations of the physiological life.

In considering, for a moment, where to place cancer in

the pathological scheme, we shall arrive at a point of view

from which the relation of the acute and chronic infections

(or contagions) to diseases of the physiological order may
be contemplated at least provisionally. T.-iking cancers,

in a generic sense, to mean tumours that have acquired or

are possessed of malignancy, we find that such tumours

have many points in common with simple tumours,—that

they have grown out of the tissues of particular organs or

parts under particular (functional) circumstances, and that

they may, in general terms, be traced back to that point at

which they left the line of health (see Pathology). The
tracing back of tumours along the physiolcgical track is

often difiicult and laborious; but there is no tumour of the

body whose origins are not at length discoverable within

the limits of physiological action. That which makes
any tumour a cancer is something over and beyond

;

it is a remarkable acquired property of reproducing its

structure in manifold copies, or of infecting the organism

of which it is itself a part. The tumour thus becomes a

semi-independent power within the body ; it may be said,

in a political figure, to have acquired autonomy, or to

have become imperium in ijnperio. A due consideration

of such a phenomenon as the infectiveness or cancerousness

of some tumours will satisfy one that there are concepts in

pathology which carry the investigator entirely beyond

physiological bounds or out of sight of the line of health,

which bring him face to face with the notion of a disease

as a thing in itself, and which thus constitute a peculiar

subject-matter.' There is nothing that we know among
biological phenomena altogether analogous to the semi-

independence which an integral part of the body, or con-

dition of the body, manifests towards the organism as a

whole, and that, too, strictly In respect of its acquired

devious or rebellious habit. The familiar definition of

disease, morhis est vita prxUv naluram, which embodies

the notion of divergence from the line of health, makes no

provision for an acquired autonomy of a morbid state ; and

that definition has to be supplemented by another, which

will recognize the possibility of a disease becoming a thing

in itself. The old definition of Van Helmont, viorbiis est

ens reale siibsislens in corpore, appears to satisfy the require-

ment ; but that definition, although it grew out of the

phenomena of disease as observed in fevers, was made too

general, and has now associations that are too exclusively

ontological and metaphysical. The supplementary definition

should bo as far as possible in the terms of the principal

definition ; and we shall provide best in the pathological

scheme for such a disease as cancer if, in addition to the

formula morbus est vita pniler na(u)-am, we construct a

secondary formula, morbus est vivtini in- i-ivo.

The notion of autonomy acquired by a morbid state

implies, naturally, a pre-autonoraous stage of the disease,

which had been a mere perturbation of the norm of the

body, capable of bein? measured by the physiological

standard. The autonnmous stage and the pre-autonomoD»
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ftage, wbicli may be demonstrated, m individual cases,

(or cancers, are a philosophical necessity for all otber in-

fective diseases that are marked by morphological features,

or by structural characters rooted in and growing out of
the proper textures of the body. Tbiw the peculiar bkin
eruption of small-pox, which is communicable from person
to person, along with a distinctive course of fever, must
have had pre-autunouioiis antecedents (not altogether his-

torically vague) iu certain casual conditions of the skiu
and associated constitutional distcrhance, which had re-

curred and become inveterate, ani Lad so attained to a
degree of individuality or a point ol autonomy at which
they began to be propagated as an organic unit Again, a
second group of infections, exemplified by glanders, bovine
tubercle, and syphilis, are rooted iu deeper textural pro-

cesses, which must have been at one time (and may still

be) set up by the casual operation of ordinary causes, and
at length became the occasion of infective n-.iiiiicrj'. It

is not so easy to picture (and it is not ditBcult, witli

a modern dominant school, to ignore) the casual morbid
conditions or ordinary physiological perturbations out of
which powerful infections like cholera, typhoid fever, or
yellow fever may have arisen ; but if the rise and consoli-

dation of their autonomy be a subtle or even untraceable
history, yet there are diseases, such as dysentery aud
erysipelas, which are apt to occur both as casual or
spontaneous conditions and as specific infections side by
side. Ophthalmia is an example of a purulent catarrh

which is constantly arising ck novo in Egypt from local

causes in a non-infective manner, and yet has become, on
at least one memorable occasion, a powerful and wide-
spread infection for British troops returning from that
country and for the home garrisons for many years subse-

quently. Infective pneumonia in cattle, and more rarely in

man, is an analogous case. In such an episode we ybserve

the actual rise of the disease-autonomy. Again, all the in-

fective diseases have degrees of -intensity, at one extreme
of which there must occur the vanishing point of their in-

fective property; and those gradatious of infectiveuess are

nowhere more noticeable fhan in the relation of cholera

to choleraic diarrhoea. Further, the remarkable group of

climatic fevers are not communicable from person to person

(see Malakia) ; in that respect, and for the reason that

the liability of the patient is anything but exhausted by
one attack, they are examples of fevers without autonomy.
There is not one of the infections that may not be profit-

ably studied from the point of view of its autonomy, and
of its more or less obscure pre-autonomous stage. That is

a point of view from which even the pcstileucea and other

specific diseases may be regarded as coming within the

physiological categories. The large residue of diseases,

which are more than perturbations .of the physiological

life, may still be joined by natural descent to the class of

simple perturbations, if we can show for them how their

autonomy was acouired, or what was their origin as disease-

epecies.

There is an established place in the history of medicine,

and there ought therefore to be room in the definition of

disease, for epidemic outbreaks of purely psychical diseased

states, such as the dancing madness {Tanxwuth), and the

boys' crusades ; the epidemic diffusion of such morbid
states is best approached from the point of view of an
jicquired autonomy (fixed idea) and an infective mimicrj-.

The physiological definition of disease, morbus ed vita

prster natnram, affords no pi .ce for parasitic diseases.

However, the supplementary formula that has been pro-

posed to meet the case of diseases existing autonomously
in the body, morbus est vivum in "ico will, ipeet the
case of parasitic diseases also. According to many ^at^-o-

logista of the present generation, the whole class of pesti-
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lences, fevers, and specific infectious generally are caused

by certain species of minute paraidtes invuding the body

;

according to one form of that hypothesis the distinctiv*

characters or specific marks (morphological and other)

of those diseases are neither more nor less than the

appropriate effects wrought upon the textures and fluids

of the body by the respective species of parasites. In

this way the great group of infective diseases, which

are apt to be the stumbling-block of a scientific definition

and logical scheme of disease, are easily disposed of by
placing them beside the otherwise insignificant group of

parasitic diseases. Whether all or any of those diseases

are due in a sense to the invasion of parasites, or wholly

caused by parasites, ore questions that naturally fall to be

settled by a careful sifting of a mass of evidence which

has already proved to be peculiarly rich in opportunities

for mistake. It may be expected that the facts of infective

parasitism and the facts of acquired disease-autonomy will

iu the end find their place in a common theory of specific

diseases, which might be expressed in terms of the physio-

logical formula morbus est vita prxter natnram with the

rider morbus est vivum in vivo

The theory of remedies, which forms the second division

of the science of medicine, is chiefly based upon pharmaco-

logy or toxicology. If pharmacology be considered as not

co-extensive with toxicology, it will be taken to be in great

part pharmacographia, or the systematic description of

articles of the materia medica—their source, preparation,

physical properties, and the like. Toxicology is in its

general sense the investigation of the physiological action

of drugs, a science which is largely dependent upon experi-

ments on the lower animals ; in a more technical sense

toxicology relates to the effects of poisons and the art of

detecting them (see Poisons). The physiological action

of drugs is the key to their therapeutical action. Thera-

peutics has been defined as " the discovery of the means
by which a system of forces competent to eliminate any
given perturbation may be introduced into the economy."

The adaptation of remedies to diseases is, however, greatly

wanting in precision, and continues to be in large part

empirical and traditional. It may be objected to the

above definition that all diseases are not reducible to the

category of " perturbations," and that there is a certain

scientific justification for the doctrine of specifics. Besides

the articles of the materia medica proper, agencies such

as electricity, baths, sea-voyages, and changes. of climate

generally, enter into the consideration of therapeutics, and
two of those form the subject of special departments, viz.,

electro-therapeutics and hydropathy. Regimen and diet

are also important factors in the treatment of disease

:

according to a contention of" Hippocrates, it was in the

dietetic needs of mankind that the medical art had its

origin.

Subdivisions of 3Iedicin« as an Ait ana Discipline.—The
medical art {ars medendi) breaks away at once from the

unity of the theory of disease. While there is but one
body of pathological doctrine for either sex, for every period

of life, and for every region and part of the organism,

the practical art divides itself into departments and sub-

departments. The most fundamental division is into

internal and ezternal medicine, or into medicine proper

and .surgery. The treatment of wounds, injuries, and
deformities, with operative interference in general, is the

special department of surgical practice (the corresponding

parts of pathology, including inflammation, repair, aud
removable tumours, are sometimes grouped together as

surgical pathology) ; and where the work of the profession

is highly subdivided, surgery becomes the exclusive pro-

vince of the surgeon, while internal medicine remains to

tJje physician. A third great department of practice ia
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forniea by obstetric medicine or midwifery, and with
obstetrics there is usually associated gynaecology, or the

diseases peculiar to women. Diseases of children are the

subject of a voluminous separate literature. Dermatology
(diseases of the skin) is an important province of practice

which, like the diseases of women and children, pertains as

much to medicine as to surgery. The greatest of the so-

called special departments of practice is ophthalmology
(diseases and injuries of the eye). Laryngology is a

department that owes its existence mainly to the invention

of the laryngoscope, its special province being the treatment

uf the intiammatiuns (ordinary and Bpecific), tumours, and
the like, to which the larynx is liable in common with other

parts. Diseases of the ear (otology) form even a more
restricted department of practice, owing to the comparative

inaccessibility of the chief part of the organ of hearing.

The congenital condition of deaf-mutism may or may not

be taken as falling within the province of the last-mentioned

subdivision. Dentistry or odontology is extremely limited

in the range of its subject-matter; but it affords great

opportunities for refinements of technical skill, and it is

given up to a distinct braiich of the profession.

The care of the weak-minded and the insane (psycho-

logical medicine) is an integral part of medical practice,

inasmuch as it is concerned with diseases of the nervous

system and with numerous correlated states of other

organs ; but it occupies a unique place by reason of the

engrossing interest of the subjective phenomena. Habitual

drunkenness is also a subject of special treatment.

A state of war, actual or contingent, gives occasion to

special developments of medical and surgical practice

(military hygiene and military surgery). Wounds caused

by firojectiles, sabres, itc, are the special subject of

naval and military surgery ; while under the head of

military hygiene we may include \he general subject of

ambulances, the sanitary arrangements of camps, and the

various forms of epidemic camp sickness.

The administration of the civil and criminal Jaw involves

frequent relations with medicine, and the professional

•ubjects most likely to arise in that connexion, together

with a summary of catises celebres, are formed into the

department of medical jurisprudence. It is the practice

in Great Britain to call independent medical evidence on
both sides of a cause, whether tHe proceedings be civil or

criminal.

The system of life assurance is based upon the co-opera-

tion of the medical profession. Heredity, constitution, and
diathesis are hero the chief subjects of .general considera-

tion, while prognosis is the skilled faculty specially called

into play.

Relations of Medicine to the Bodi) Politic.—The statutes

of the United Kingdom which have direct relation to

medicine are (I) those relating to the public health; (2)

those relating to lunacy (and habitual drunkenness)
; (3)

those relating to the status of the medical profession, to

dentists, and to pharmaceutical chemists
; (4) those relating

to restrictions on the " practice " of anatomy and physiology.

There are, besides, several statutes in which medicine is

concerned indirectly,— such as the Poor Laws, the Prisons

Acts, the Shipping Acts, the Registration of Births and
Deaths Act, the Sale of Food and Drugs Act, the Sale of

Poisons Act, the Factory and Workshops Act, the Artisans'

Dwellings (Metropolitan) Act, the Rivers Pollution Pre-

vention Act, the Contagious Diseases (Animals) Act

(1878), and the Public Health (Water) Act
1. Most of the statutes relating to the public health in

England and Wales were consolidated by an Act of 1875,

the Acts relating to the metropolis being excepted ; there

are separate statutes of about the same period for Ireland

and Scotland. The sistem of administration is by local

sanitary authorities, in correspondence with the local govern-

ment boards in Loudon and Dublin and the board ot

supervision in Edinburgh. The board in London has a
medical department, consisting of a chief medical officer,

*«istant medical officer, and inspectors, while the Dublin
and Edinburgh boards are professionally advised ou a some-

what different system. The sanitary authorities throughout
the United Kingdom are divided into rural, urban, port, and
metropolitan (sanitary and nuisance); they are formed out

of pre-existing bodies, either the corporations of citiea

and towns, the improvement commissioners, or the local

authorities. A medical officer of health is attacherl to

most of the several sanitary authorities, or to the combined
sanitary authorities of a large district; his duties include

making reports on the death-rate and the causes of

mortality, the denunciation of nuisances and unwholesome
dwellings, workshops, <tc., inquiries into the local causes

or favouring circumstances of epidemic outbreaks of disease,

measures to prevent the spread of contagion (by disinfec-

tion, isolation, and otherwise), and other more occasional

duties arising under a variety of statutes. Each sanitary

authority is required by law to appoint an inspector of

nuisances, who practically carries out the instructions of

the medical officer when there is one.

The Vaccination Acts (consolidated 1871) are an import^

ant part of the public health law of the kingdom ; they are

administered by the local government board, for the most
part through the agency of the medical profession at large,

but in some populous parishes also by means of public

vaccination stations. Prosecutions under theActs are insti-

tuted by the parochial authorities. The practice formerly

(and not unsuccessfully) resorted to of inoculating with the

small-pox has been made a criminal offence ; but there is

still much uncertainty as to the theory of vaccination, and,

in particular, as to the relation of vaccinia to variola.

Other statutes which were not consolidated in the Public

Health Act of 1875 are the Burials Act, the Contagious

Diseases Act, and the Quarantine Act. The first of these is

administered by a department of the home office, with a

medical inspector. The second (1866 and 1869) relates,

under a too general title, to the regulation of prostitution

in certain garrison towns, the surgeons under the act being

appointed by the board of admiralty or the secretary of

state for war, and the administration otherwise carried out

by the police.

The quarantine laws stand in the somewhat anomalous

position of statutes which it is not thought desirable to

repeal, while yet they are stripped bare of all their executive

machinery. The Quarantine Act can be set in motion, as

occasion arises, by an order of council ; not only, however, is

there no official medical advice at the disposal of the privy

council, upon which action under khe^act might be taken,

but there is not even the framework remaining (except the

ghost of a quarantine station on the Motherbank between

Portsmouth and the Isle of Wight) of the once considerable

quarantine establishment, by which the provisions of the

Act might be enforced. On the other hand, port sanitary

authorities enjoy certain limited powers under the Public

Health Acts of isolating vessels arriving with contagious

sickness on board. A quarantine at British ports has not

been put in force for many years, opinions being divided

as to the abstract efficacy and suitableness of quarantine

measures to prevent the importation and diffusion of

plague, cholera, or yellow fever (see Qcarjjntine).

Numerous instances having occurred of the extensive

diffusion of scarlet fever, typhoid fever, and diphtheria by
means of milk, the privy council has issued an order, under

the Contagious Diseases (Animals) Act of 1878, called the

Dairies, Milksbops, and Cowsheds Order, with the object of

enforcing extreme cleanliness in the premises and ftppur-
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teiiances of the milk trade, aud particulaily of guaiding
against tbe well-known liability of milk to take up effluvia

existing or arising near it. The order of council having
remained inoperative, it is proposed to deal with the

matter by a new Act of Parliameut, to be administered by
the local government board. While cows' milk has thus
been recognized by tlie sanitary law as a carrier of certain

of the human contagia, the milk of diseased cows, and
more especially of tuberculous cows, continues to be sold

with impunit}', the alleged communication of tubercular

disease from the cow to man being difficult to prove to

the satisfaction of the legislature. The want of constant

supervision of the slaughter-houses is thought by many to

be a serious defect in the sanitary law of the country;

and there is no doubt that much flesh of diseased animals

(especially the tuberculous) is sold merely as inferior meat.

Public Hrallh Law of the United Skilcs.—Questions of jmblic
licalth in the Uuited States come under tlic coniiuou Inw aud the

statute law. In tlie larger part of the Union they are subject to the
common law ouly ; in a certain number of tlie States there is statuto

law; and there has been since 1879 a national board of health and
a quarantine laivestablisheUbyAct of Congress. Generally sjieaking,

the public health procedure of tUe United States sufl'ers from the want
of organization, becisionsat common law relate chieHy to nuisances,

and to the recovery of damages for loss caused by the same. Tho
first attempt at statute law was an Act of 1866 creating a metro-

Volitan sanitary district and board of health for the city of New
York ; in 1869 a board of health was created by the State legislature

for Massachusetts ; the District of Columbia obtained its board of

health in 1870 ; aud other States have followed at intervals, so that

there are now at least nineteen State boards of health. New York
State and Pennsylvania having health boards only for their respec-

tive capitals and other individual towns. Besides the municipal

boards in those States, there are very few others for towns in the

Union, 'and still fewer for counties. The powers and activity of the

boards of health are very various; the Massachusetts'board has powers

amounting to that of a court, while the function of several of the

State boards is hardly more than advisory. The sanitary statutes

made by the State legislatures are in some cases very numerous.
AVherever questions of quarantine for yellow fever have arisen, as in

Louisiana (New Orleans), Georgia, and Alabama, the §tate board of

health has acquired vigour and has enlisted popular support, in tho

capitals at least; but in most of the States Inisscz/aire in tbc ordinary

feeling towards tho board and its operations. The medical profession

in e.nch State is the most powerful force, and the State medical society

is not unfrequently in a semi-official connexion with the sauitary

board ; on the other band, it is alleged that the unfortunate sectarian

differences in medicine (represented chiefly by homreofiathy) have on
several occasions prevented the formation of a State board of health,

or have' tended to paralyse the action of a board already existing.

It is a charge also against boards of health, or at least ag.iinst those

in the great political centres, that their efficiency is apt to be

impau-ed by the introduction of in-elevant political considerations

in such matters as the making of appoiutmeuts. The first step

towards a national public health law was gained by the Act (approved

3d March 1879) "to prevent the introduction of infectious or con-

tagious diseases into the United States, and to establish a national

board of health." The board consists of seven members appointed

liy the president and of four officials detached from the public

<lepartments of State. Its duties are " to obtain information upon
nil matters affecting the public health, to 8d\'ise the several depart-

ments of the government, the executives of the several States, and

the commissioners of the District of Columbia, on all questions sub-

mitted to them, or whenever, in the opinion of the hoard, such advice"

may tend to the preservation and improvement of the public health.

"

Quarantine was to be a special object of the board's attention,

especially the establishment, if possible, of a federal quarantine

ystera which would preser\'e the legitimate commercial interests of

the several States and their seaports. A quarantine law passed in

II 879 provides that oil vessels coming from any foreign port where

contagious or infectious diseases e.xist shall obtain a bill of health

|rom the consular officer of the United States at the port of sailing.

One of the principal functions of the national board of heal th hitherto

liAs been to institute scientific inquiries into the nature and causation

ef diseases of national importance, such as malarial fever. Among
tbe acknowledged desiderata in the national sanitary law of tho

United States are a uniform carrying out of the practice of vaccina-

tion—th«re is no vaccination law in certain States, and in others it

is imperfectly applied—and a uniform system of - registration of

births and deaths. See Bowditch, Public Hygiene in Amtrica,

together with a Digest of American Sanitary Law (by Pickering),

Boston, 1877; Billings, Introduction to Hygiaie and Public Health,

•iHtert by Buck (Eng. cd., London), and in the Tratisaclions of the

Iiitvi-itat. Medical Coiiairss, London, 18S0, vol. iv., sect.

Health."
' PubRu

J'liblic Health Laic of other Countries.—In France there is a.

council of health for each district, composed of medical pmc-
titioners, phi.nuacists, engineers, and other experts, its function
being purely advisory with respect to uuisanues, uuwholesonio
dwellings, schools, food, drugs, cpiilcmics, and the like. The
executive power rests with the prefect (to be carried out by tha
police), and is often not ]mt in motion even when advice is

tendered. In Paris there arc two heads of executive, the prefect of

the SeiiM! and the prefect of police. The minister of agriculture
and commercfe is responsible to the chambers. In Prussia there is

a certain amount of bureaucratic care of the public health under tho
ministry for ecclesiastical, educational, and medical afiaiis. Tha
minister is advised by a scientific commission ( Wissciisehafiliehaf

Deputation fur das Medicinalwcsen) ; and there is a subordinatdi

board for each lupviiicc, and a medical olliccr for each distiict

or town {Kreisphijsii'us, or Sladtphi/sil-us). Numerous oHences
against the public health arc defined in the code, and penalties fixed

(see Eulcnburg's work, taken from ollici^il sources, Das Medicinal-
!«.*,! in Preiissen, lierliii, 1874).

2. The lunacy laws have been fully treated of in a

special section of the article Insanity (r/.v.). By an Act

of 1879 habitual drunkards have been placed in a position

somewhat analogous to that of lunatics, and there are now
existing certain licensed asylums for tlieir detention.

3. The Acts relating to the status of the medical profes-

sion are known as the Medioal Acts. The principal measure,

passed in lS"iS, created a body of twenty-four, called the

general council of medical education and registration ; by
a subsequent Act the council received a charter of iucur-

jioration, so that it might draw up, and become the publisher

and proprietor of, a list and descriptiim of officinal

drugs, which should be called the British Pharmacopceia,

and should supersede previous pharmacopoeias. The
principal duty of the medical council is to keep a register

of qualified medical practitioners. The preamble of the

Act by which the medical register was created asserts tliu

desirability of those in want of medical aid being able to

distinguish qualified from unqualified practitioners ; and
those whose names are on the register are alone presumably

qualified. To be a registered medical practitioner confers

u certain positive legal status (right to sue for fees, hold

appointments, give certificates, itc); but there is nothing

in the English law to prevent any person whomsoever from

practising medicine and taking fees, provided he docs not

assume misleading titles. Those who are entitled (on pay-

ment of five pounds) to have their names inserted in tho

medical register are graduates in medicine or surgery

of the universities of the United Kingdom, licentiates,

members, or fellows of the Royal Colleges of Physicians or

Surgeons in London, Dublin, and Kdinburgh, licentiates or

fellows of the Faculty of Physicians and Surgeons of

Glasgow, and licentiates of the A[iothecaries' Halls of

lyondon and Dublin. The council consists of the repre-

sentatives of those bodies, of .tix crown nominees, and

the president. The medical council possesses certain

judicial and executive powers over the names on its

register ; if, after due iiiquir}', a registered jiractitinner

be judged by the medical council to have been guilty of

infamous conduct in any professional resiiect, the medical

council may, if they see fit, direct their registrar to erase,

the practitioner's name from the register. Tho medical|

council keeps al^o a register (unpublished) of medical

students ; whoever has passed a recognized examination in

arts, and has forwarded a certificate signed by a teacher

of medicine that he lias bona Me begun the study of

medicine, is entitled to have his name entered in the

register of students of medicine, with the date of his com-

mencement. The object of the students' register is merely

to provide a common and convenient record of the date of

commencement of medical study, and, by implication, o£

the fact that the examination in arts has been passed.

The medical council owes its titk of a "connr.il of ednciw
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tion " to certain powers possessed by it of visiting the

examiaatioDs of the universities and corporations, and

certain ill-defined powers of visiting the medical schools.

The council may, if they see fit, report to the privy council

any deficiencies that they may have discovered in the

teaching or examining, and the privy council may proceed,

to further steps. But, beyond publishing the reports of

tiieir visitations, the medical council do not appear to

have had occasion to put the machinery in force. The
state has not otherwise interfered to prescribe the subject-

matter or the minimum standard of medical education,

although there has beeu at least one unsuccessful attempt

by the Government of the day to establish a uniform

minimum. By an Act of 1876 parliament has interposed

to affirm the principle that women are entitled to become

registered practitionei-s of medicine.

Under the Dentists' Act of 1878 the profession of

dentistry acquired a legal status corresponding to that of

the medical profession, the general medical council having

charge of its register also.

Pharmaceutical chemists are now licensed under an Act

passed in 187G ; since that date licences are granted only

to those who pass either the minor or the major examina-

tion of the Pharmaceutical Society of Great Britain, a

Pharmacy Act for Ireland (1876) having corresponding

provisions.

TKe Medical Profession in other Countries.—In the United
States' there are usually no restrictions upon the practice of

medicine, and in only a few of the States has the medical profession

any legal standing. The ordinary medical titls is that of doctor of

medicine, and that degree is confwred by a large number of institu-

tions after a curriculum of study that varies much in length, 'and

after examinations that are e(jually various as tests of prtiiciency.

In Franco the medical profession is divided into two grades : those

in the higher grade are all doctors of medicine of the faculties of

Pkris, LiiUe, mucy, Bordeaux, Lyons, or Mootpellicr; tho^u iu the

lower grade are officiera tie ianti. In Cermauy the right to practise ia

conferred by a state licence granted on passing the slaats-exameii:
the examination, which is almost entirely oral and pr.actical, may be
(lassed in stages at any one of the uniiersities in the empire, the pro-
lcssoi-3 of anatomy, physiology, and pathological anatomy being
practically e.v officio e.xaminei-s, while the other cxaminere are very
trcijueutly also professors iu tlie medical faculty. The slauts-examen
is usually passed before the candidate seeks the degree of doctor of

medicine; tliat degree is almost always taken by those who pass the
ccamination for the state licence, and it is usually conferred after a
more or less formal examination of the candidate before the medical
faculty, and on the approval of his thesis. In Austria, the ri_ght to
practise is carried by the- degree of doctor of medicine; theie is no
separate state licence, and no examination except that of the medical
faculty of the universities (see BilUoth's Lekren and Icnicn der
medicinischen WisscTischaften, Berlin, 1878). In most Continental
countries there are penalties directed in effect against practising
medicine without the state licence, or the university degree equiva-
lent thereto, and in France the law now extends to resident foreign
practitioners who have ([ualified only in their own countiy. Tnt
regiUatious for the practice of pharmacy in Germany and other Con-
tinental coimtries nave long Deen of a veiy stringent kind. The
training and licensing of midwives is also under state control.

4. Lastly, the state has interposed to restrict the
" practice " of anatomy and physiology. By the Anatomy
Act of 1832 (amended in 1871) licences are required for

schools of anatomy, as well as licences for teachers, "to
practise anatomy." Licensed teachers of anatomy are

empowered to receive subjects for dissection under certain

conditions. The Act is administered by the home office,

with a stafE of four inspectors of anatomy, one for the

metropolis, one for provincial medical schools in England,
and one each for Ireland and Scotland. The Act restricting

the practice of physiology is the Vivisection Act of 1876;
it is intended for the protection of vertebrate animals liable

to be employed alive in physiological experiments, and it

resorts to a controlling machinery of licence and inspection

similar to that of the Auatomy Act, and under the same
Government department. (c. c.)

PAET IL—HISTORY,

The history of medicine falls naturaUy under two heads,

or might bo conceivably written from two different points

of view. It might be a history of the medical profession

or a history of medical doctrine,—in other words, the

history of medicine iu its relation to society or in its

relation to science. We shall hero deal chiefly with the

history of medical knowledge, remembering also that the

Jiistories of anatomy, of physiology, and of surgery are

dealt with in the articles referring to those subjects. But
a still more trenchant limitation is necessary to preserve

the unity of the subject. Attention can be given to so

much only of the history as is directly antecedent to and
leads up to the medical science of modern Europe. P'or

this purpose, the history of medicine must start with the

earlier period of Greek civilization.

Medicine as Portrayed in the Homeric Poems.—In the

state of society pictured by Homer it is clear that

medicine has already had a history. We find a distinct

nnd rfi-ganized profession ; we find a system of treatment,

especially in regard to injuries, which it must have beeu

the work of long experience to frame ; we meet with a

nomenclature' of parts of the body substantially the same
(according to Daromberg) as that employed long afterwards

iu the writings of Hippocrates ; in short, we find a science

nnd an organization which, however imperfect as compared

with those of later times, are yet very far from being in their

beginning. The Homeric heroes themselves are represented

as having considerable skill in surgery, and as able to

attend to ordinary wounds and injuries, but there is also

a professional class, represented by Machaon and Podalirius,

the two sons of Asclepius, who are treated with great re-

spect. It would appear, too, from the Jithiopit of Archinus

I

(quoted by Welcker and Haeser) that the duties of these

I

two were not precisely the same. Machaon's task was more

j
especially to heal injuries, while Podalirius had reaeived from

I

his father the gift of" recognizing what was not visible to the
I eye, and tending what could not be healed." In other words,

j

a rough indication is seen of the separation of medicine and

j

surgery. Asclepius appears in Homer as a Thessaliau king,

I

not as a god, though in later times divine honours were

I

paid to him. There is no sign in the Homeric poems of

j
the subordination of medicine to religion which is seen in

j
ancient Egypt and India, nor are priests charged, as they
were in those countries, with medical functions,— all cir-

cumstances which throw grave doubts on the commonly
I received opinion that medicine derived its origin in all

I

countries from religious observances.

I
Although the actual organization of medicine among

I

the Homeric Greeks was thus quite distinct from religion,

the worship of Asclepius (or .-Esculapius) as the god of

I
healing demands some notice. This cult spread very

I widely among the Greeks ; it had great civil importance,

I
and lasted even into Christian times ; but there is no

j

reason to attribute to it any special connexion with

I
tlie development of the science or profession of medicine.

1 Sick persons repaired, or were conveyed, to the temples of
Asckpius in order to be healed, just as in modern times
relief is sought by a devotional pilgrimage or from the
waters of some sacred spring, and then as now the healing
influence was sometimes sought by deputy. The sick

person, or his representative, after ablution, prayer, and
sacrifice, was made to sleep on the hide of the sacrificed

animal, or at the feet of the statue of the god, while sacred

rites were performed. Iu his sleep (iucubatio, iyKoi-
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fLtio-i's) tne appropriate remeay wa" indicated by a dream.

Moral or dietetic remedies were more often prescribed than

drugs. The record of the cure was inscribed on the

columns or wall3 of the temple ; and it has been thought

that in this way was introduced the custom of " recording

case.s," and that the physicians of the Hippocratic school

thus learnt to accumulate clinical experience. But the

priests of Asclepius were not physicians. Although the

latter were often called Asclepiads, this was in the first

place to indicate their real or supposed descent from Ascle-

pius, and in the second place ns a .complimentary title.

No medical writing of antiquity speaks of the wor.ship of

Asclepius in such a way as to imply any connexion with

the ordinary art of healing. The two systems appear to

have existed side by 6ide, but to have been distinct, and if

they were ever united it must have been before the times

of which we have any record. The theory of a develop-

ment of Greek medicine from the rites of Asclepius, though

defended by eminent names, must accordingly be rejected.

Development of Medicine in Greece.—It is only from non-

medical writers that anything is known of the development

of medicine-in Greece before the 'age of Hippocrates. The
elaborate collections made by Daremberg of medical

notices in the poets and historians illustrate the relations

of the«profession to society, but do little to prepare us for

the Hippocratic period. Nor is much importance to be

attached to the influence of the philosophical sects on

medicine except as regards the school of Pythagoras. That

philosopher and several of his successors were physicians,

but we do not know in what relation they stood to later

medical schools. We must therefore hasten onward to

the age of Pericles, in which Hippocrates, already called

" the Great," was in medicine as complete a representative

of the highest efforts of the Greek intellect as were his

contemporaries the great philosophers, orators, and trage-

dians. The medical art as we now practise it, the

character of the physician as we now understand it, both

date for ns from Hippocrates. The justification of this

statement is found in the literary collection of writings

known by his name. • Of these certainly many are falsely

•scribed to the historical Hippocrates of Cos ; others are

almost as certainly rightly so ascribed ; others again are

clearly works of his school, whether from his hand or

not But which are to be regarded as the " genuine works "

13 still uncertain, and authorities are conflicting. There

are clearly two schools represented in the collection,—that

of Cnidus in a small proportion, and that of Cos in far

the larger number of the works. The latter was that to

which Hippocrates belonged, and where he gave instruction;

and accordingly it may be taken that works of this school,

when not obviously of a different date, are Hippocratic in

doctrine if not in actual authorship.

Hippocratic Medicine.—The first grand characteristic

of Hippocratic medicine is the high conception of the

duties and status of the physician, shown in the celebrated
" Oath of Hippocrates " and elsewhere,—equally free from

the mysticism of a priesthood and the vulgar pretensions

of a mercenary craft. So matured a professional sentiment

may perhaps have been more the growth of time and
organization than the work of an individual genius, but
certainly corresponds with the character universally attri-

buted to Hippocrates himself. The second great quality

is the singular artistic skill and balance with which the

Hippocratic physician used such materials and tools as he
possessed. Here we recognize the true Greek crw^pooTJit;.

But this artistic completeness was closely connected with
the third cardinal virtue of Hippocratic medicine,—the clear

recognition of disease as being equally with life a process

governed by what we should now call natural laws, which
could be known by observation, and which indicated the

spontaneous and normal direction of recovery, by following

which alone could the physician succeed. In the fourth

place, these views of the "natural history of disease" (in

modern language) led to habits of minute observatioB

and nccyrate interpretation of symptoms, in which the

Hippocratic school was unrivalled in antiquity, and ha*

been the model for all succeeding ages, so that even i»

these dr.ys, with our enormous advances in knowledge, tliP

true method of clinical medicine may be said to be the

method of Hippocrates.

The actual science of the iiippocratic school was oi

course very limited. In anatomy an^ physiology little ad-

vance had been made, and so of pathology in the sense di

an explanation of morbid processes or knowledge of diseased

structures there could be very little. The most valuable

intellectual possession was a large mass of recorded observa-

tions in individual cases and epidemics of disease. - AVhetliti

these observations were systematic or individual, and how
they were recorded, are points of which we are quite-

ignorant, as the theory that the votive tablets in the tomple»

supplied such materials must be abandoned.

Though the Hippocratic medicine was so largely inunded

on observation, it would be an error to suppose that dogma
or theory had no place. The dominating theory of diseasa

was the humoral, which has never since ceased to influence

medical thought and practice. According to this celebrated

theory, the body contains four humours,—blood, phlegni,

yellow bile, and black bile, a right proportion and mixture

of which constitute health ; improper proportions or irre-

gular distribution, disease. It is doubtful whether the-

treatise in which this theory is fully expounded (trtpl c^i'crios

avBpuiTTov) is as old as Hippocrates himself; but it was re-

garded as a Hippocratic doctrine, and, when taken up and
expanded by Galen, its terms not only became the common
property of the profession, but passed into general literaturo

and common language. Another Hippocratic doctrine, tha

influence of which is not even yet exhausted, is that of

the healing power of nature. Not that Hippocrates taught,

as he was afterwards reproached with teaching, that nature

is sufficient for the cure of dise-ases ; for he held strongly

the efficacy of art But he recognized, at least in acute

diseases, a natural process which the humours went
through,—being first of all crude, then passing tlirougU

rociion or digestion, and finally being expelled by resolu-

tion or crisiit through one of the natural channels of the body,.

The duty of the jihysician was to foresee these changes, "to
assist or not to hinder them," so that " the sick man might
conquer the disease with the help of the physician." The-

times at which crises were to be expected were naturally

looked for with anxiety ; and it was a cardinal point in'

the Hippocratic system to foretell them with precision.

Hippocrates, influenced as is thought by the Pythagoreni>

doctrines of number, taught that they were to be expecte(^

on days fixed by certain numerical rules, in some case*

on odd, in others on even numbers,—the celebrated

doctrine of "critical days." This false precision can have

had no practical value, but may have enforced habits of

minute observation. It foUows from what has been said

that prognosis, or the art of foretelling the course antl

event of the disease, was a strong point with the Hip-

pocratic physicians. In this they have perhaps never beet>

excelled. Diagnosis, or recognition of the disease, must

have been necessarily imperfect, when no scientific

nosology, or system of disease, existed, and the knowledge

of anatomy was quite inadequate to allow of a precise

determination of the seat of disease ; but symptoms w'-ere

no doubt observed and interpreted skilfullj*. The pulse

is not spoken of in any of the works now attributPil

to Hippocrates himself, though it is mentioned in other

works of the colleciiou.
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la the treatment of disease, the Hippocratic school

attached great importance to diet, the variations necessary

in different diseases being minutely defined. Medicines

were regarded as of secondary importance, but not neglected,

two hundred and sixty-five drugs being mentioned at

different places in the Hippocratic works. Blood-letting

was known, but not greatly practised. The highest

importance was attached to applying all remedies at the

right moment, and the general principle enforced of

making all influences—internal and external—co-operate

for the relief of the patient The principles of treatment

just mentioned apply more especially to the cure of acute

diseases ; but they are tUe most salient characteristics of the

Hippocratic school. In chronic cases diet, exercise, and
natural methods were chiefly relied upoiL

The school of Cnidus. as distinguished from that of Cos,

of which Hippocrates i-. the representative, appears to have
differed in attaching more importance to the differences of

special diseases, and tiy have made more use of drugs. A
treatise on the diseases of women, contained in the

Hippocratic collection, and of remarkable practical value.

Is attributed to this school.

The above sketch of Hippocretio medicine will make
it less necessary to dwell upon the details relating to sub-

sequent medical schools or sects in ancient times. *rhe

general conception of the physician's aim and task

remained the same, though, as knowledge increased,

there was much divergence both in theory and practice,

—

even opposing schools were found to be developing some
part of the Hippocratic system. Direct opponents or

repudiators of the authority of Hippocrates were rare, all

generally appealing to his authority. But, insensibly, the

feast valuable part of the Hippocratic work, the theory, waa
made permanent; the most valuable, the practical, neglected.

Posl-H{p)xia-atic Medicine.—After Hippocrates the pro-

gress of medicine in Greece does not call for any special

remark in such a sketch as this, but mention must be
made of one great name. Though none of Aristotle's

writings are strictly medical, he haa by his researches in

anatomy and physiology contributed greatly to the progress

of medicina It should also be remembered that he was
of an Asclepiad family, and received that partly medical

education which was traditional in such families, and also

bimself is said to have practised medicine as an amateur.

Moreover, his works on natural history doubtless furthered

the progress among the Greeks of sciences tributary to

medicine, though the only specimens of such works
which have come down to us from the Peripatetic school

are those of Theophrastus, who may bo considered the

founder of the scientific study of botany. Among his

encyclopsedio writings were some oh medical subjects, of

which fragments only have been preserved. The Peripatetic

school may have been more favourable to th« development

of medicine, as of other departments of natural knowledge,

than any other ; but there is no evidence that any of the

philoeophical schools had important influence on the pro-

gress of medicine. The fruit of Aristotle's teaching and
example was seen later on in the schools of Alexandria.

The century after the death of Hippocrates is a time

almost blank in medical annals. It is probable that the

science, like others, 8har«d in the general intellectual

decline of Greece after the Macedonian supremacy; but
the works of physicians of the period are almost entirely

lost, and were so even in the time of Qalen. Galea
classes them all as of tho dogmatic school ; but, whatever

may have been their chamcteristics, they are of no import-

ance in the history of the science.

Alexandrian Schaol of M'-.dicine.—The dispersion of

Qreek science and intellectual activity through the world

by the conquests of Alexander and his successors led to

the formation of more than one learned centre, in which
medicine among other sciences was represented. Perga-
mum was early distinguished for its medical school; but in
this as in other respects its reputation was ultimately

effaced by the more brilliant fame of Alexandria. It i»

here that the real continuation and development of Hippo-
cratic medicine can be traced.

In one department tlie Alexandrian school rapidly sur-

passed its Greek original, namely, in the study of anatomy.
The dissection of the human body, of which some doubtful
traces or hints only are found in Greek times, waa
assiduously carried out, being favoured or even suggested

perhaps by the Egyptian custom of disembowelling and
embalming the bodies of the dead. There is no doubt
that the organs were also examined by opening the bodies

of living persons,—criminals condemned to death being
given over to the anatomists for this purpose.

Two eminent names stand in the first rank as leauers-

of the two earliest schools of medicine which arose in

Alexandria, Herophilus and Erasistratus.

Herophilns was a Greek of Chalcedon, a pupil of the
schools both of Cos and of Cnidus. He was especially

noted for his profound researches in anatomy (see vol. i.

p. 802), and in the knowledge and practice of medicine

he appears to have been equally renowned. He professed

himself a close adherent of Hippocrates, and adopted his

theory of the humours. He also made extensive use of

drugs, and of bleeding. The reputation of Herophilus is

attested by the fact that four considerable physicians wrote

works about him and his writings, and he is further spoken

of with the highest respect by Gale:! and Celsuo. By the

general voice of the medical world of antiquity he was
placed only second to Hippocrates.

Erasistratus was the contemporary and rival of
Herophilus. Little is known of his life, except that he
spent some time at the court of Seleucus Nicator at

Antioch before coming to Alexandria, and that he culti-

vated anatomy late in life, after he had taken up his abode
in the latter city. ' His numerous works are also almost

entirely lost, fragments only being preserved by Galen
and others. Erasistratus, instead of following Hippocrates

as Herophilus did, depreciated him, and seems to have
been rather aggressive and independent in his views. He
appears to have leaned to mechanical explanations of the
symptoms of disease, as was especially the case with
inflammation, of which he gave the first rational, though
necessarily inadequate, theory.

The two schools composed of tne followers of Herophilus

and Erasistratus respectively, long divided between them
the 'medical world of Alexandria. The names of many
prominent members of both sects have been preserved, but

it would be useless to repeat them. The Herophilists still

reverenced the memory of Hippocrates, and wrote numerous
commentaries on his works. They produced many eminent

anatomists, but in the end seem to have become lost in

theoretical subtleties, and to have maintained too high a
standard of literary cultivation. The school of Erasistratus

was less distinguished in anatomy than that of Herophilus,

but paid more attention to the special symptoms of

diseases, and employed a great variety of drugs. It was
longer-lived than that of Herophilus, for it still numbered
many adherents in the 2d century after Christ, a century

after the latter had become extinct

The Erasistrateans paved the way r what was in some
respects the most important school which Alexandria pro-

duced, that known as the empiric, which, though it recog-

nized no master by name, may be considered to have been

founded by Philinus of Cos (280 b.c), a pupil of

Herophilus ; but Serapion, a great name in antiquity, and
Glaucias of Tarentum, who traced the empirical dosftiii*
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back to the writings of Hippocrates, are also named among
ixs founders. The moststriising peculiarity of the empirics

was that they rejected anatomy, regarding it as useless to

inquire into the causes of things,and thus, as they con-

tended, being the more minute in their observation of the

actual phenomena of disease. They professed that their

whole practice was based upon experience, to which word

they gave a special meaning. Three sources, and three

only, could experience draw from :—observation, history

(i.e., recorded observation), and' judgment by analogy.

These three bases of knowledge were known as the
" tripod " of the empirics. It should not, however, be

forgotten that the empirics read and industriously com-

mented on the works of Hippocrates. They were extremely

successful in practical matters, especially in surgery and

ju the use of drugs, and a large part of the routine know-

ledge of diseases and remedies which became traditional

in the times of the Roman empire is believed to have

been derived from them. In the 2d century the school

became closely connected with tlie philosophical sect of the

Sceptics, whose leader, Sextus, was an empirical physician.

It lived and flourished far beyond this time, when trans-

planted to Rome, not less than in its native Alexandria,

and appears to be recognizable even up to the beginning

of the Middle Ages.

If we look at the work of the Alexandrian schools in

medicine as a whole, we must admit that the progress

luadb was great and permanent. The greatest service

rendered to medicine was undoubtedly the systematic study

of anatomy. It is clear that the knowledge of function

(physiology) did not by any means keep pace with the

knowledge of structure, and this was probably the reason

why the important sect of the empirics were able entirely

to dispense with anatomical knowledge. The doctrines of

Hippocrates, though lightly thought of by the Erasistra-

teans, still were no doubt very widely accepted, but the

practice of the Hippocratic school had been greatly

improved in almost every department,—surgery and
obstetrics being probably those in which the Alexandrian

practitioners could compare jnost favourably with those of

modern times. We have now to trace the fortunes of this

body of medical doctrine and practice when transplanted

to Rome, and ultimately to the whole Roman world.

Roman Medicine.—The Romans cannot be said to have
at any time originated or possessed an independent school

of medicine. They had from early times a very compli-

cat'Sd system of superstitious medicine, or religion, related to

disease and the cure of disease, borrowed, as is thought,

from the Etruscans ; and, though the saying of Pliny that

the Roman people got on for six hundred years without
doctors was doubtless ,an exaggeration, and not, literally

speaking, exact, it must be accepted for the broad truth

which it contains. When a medical profession appears,

it is, so far as we are able to trace it, as an importation
from Greece.

The first Greek physician whose name is preserved as
having migrated to Rome was Archagathus, who came
over from the Peloponnesus in 218 b c. ; but there were
probably others before him. ^^^len Greece was made a
Roman province, the number of such physicians who sought
their fortunes in Rome must have been very large. The
bitter words of M. Porcius Cato, who disliked them as
he did other representatives of Greek culture, are evidence
of this. The most eminent of these earlier Greek
physicians at Rome was Asclepiades, the friend of Cicero
(bom 124 B.C. at Prusa in Bithynia). He came to Rome as
a young man, and soon became distinguished both for his
medical skill and his oratorical power. He introduced a
sy.'stem which, so far as we know, was his own, though
founded upon the Epicurean philosophical creed ; on the

practical side it conformed pretty closely to the .Stoic rule

01 iiie, thus adapting itself to the leanings of the better

stamp 'of Romans in the later times of the republic

According to Asclepiades all diseases depended upon

alterations in the size, number, arrangement, or movement

of the "atoms," of which, according to the doctrine of

Epicurus, the body consisted. These atoms were united

into passages (iropoi.) through which the juices of the body

were conveyed. This doctrine, of which the developments

need not further be followed, was important chiefly in so

far that it was perfectly distinct from, and opposed to, the

humoral pathology of Hippocrates. In the treatment of

disease Asclepiades attached most importance 'to diet,

exercise, passive movements or frictions, and the external

use of cold water,—in short, to a modified athletic training.

He rejected the vis nudicalrix naturm, pointing out that

nature in many cases not only did not help but marred the

cure. His knowledge of disease and surgical skill were,

as appears from the accounts given by Celsus and Ccelius

Aurelianus, very considerable. Asclepiades had many
pupils, who adhered more or less closely to his doctrines,

but it was especially one of them, Themison, who gave

permanence to the teachings of his master by framing out

of them, with some modifications, a new system of medical

doctrine, and founding on this basis a school which lasted

for some centuries in successful rivalry withths Hippocratic

tradition, which, as we have seen, was up to that timiv the

prevailing influence in medicine.

This system was known as methodism, its adherents as

the methodici or methodists. Its main principles >i.'ere

that it was useless to consider the causes of a disease, or

even the organ affected by the disease, and that it w-as suffi-

cient to know what was common to all diseases, viz., their

common qualities (communitates, kolvottjtk). Of these

there were three possible forms— (1) relaxation, (2) con-

traction of the minute passages or To'poi, and (3) a mixed
state, partly lax, partly constricted. The signs of these

morbid states were to be found iu the general constitution

of the body, especially in the excretions. Besides this

it was important only to consider whether the disease was

acute OT chronic, whether it was increasing, declining, or

stationary. Treatment of disease was directed not to any
special organ, nor to producing the crises and critical dis-

charges of the Hippocratic school, but to correcting the mor-

bid common condition or "community," relaxing the body
if it was constricted, causing contraction if it was too las,

and in the "mixed state" acting according to the pre-

dominant condition. This simple rule of treatment was

the system or " method " from which the school took its

name.
The methodista agreed witt the empirics in one point,

in their contempt for anatomy ; but, strictly speaking, they

were dogmatists, though with a dogma different from that

of the Hippocratic school. Besides Themison, its systematic

founder, the school boasted many physicians eminent in

their day, among whom Thessalus of Tralles, a half-educated

and boastful pretender, was one of the most popular. He
reversed the Hippocratic maxim "art is long," promising

his scholars to teach them the whole of medicine in six

months, and had inscribed upon his tomb laTponKjjs, as

being superior to all living and bygone physicians.

In the 2d century a much greater name appears among
the methodists, that of Soranus of Ephesus, a physician

mentioned with praise even by Tertullian and Augustine,

who practised at Rome in the reigns of Trajan and
Hadriaa Soranus is known by a work, still extant in

the Greek original, on the diseases of women, and also

by the Latin work of Ccelius Aurelianus, three centuries

later, on acute and chronic diseases, which is based upon,

if not, 33 some think, an actual translation of, the ciief
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work of Soranus, and which is the principal source of our

knowledge of the methodic schooi. The work on diseases

of women is the only complete work on that subject which

has come down to us from antiquity, and shows remarkable

fulness of practical knowledge in relation to its subject.

It is notable that an important instrument of research, the

Rpeculum, which has been reinvented in modern times,

was used by Soranus ; and specimens of still earlier date,

showing great mechanical perfection, have been found

iiniong the ruins of Pompeii. The work on acute and

chronic diseases is also full of practical knowledge, but

penetrated with the theories of the methodists.

Tiie methodic school lasted certainly for some centuries,

and influenced the revival of medical science in the Middle

Ages, though overshadowed by the greater reputation of

Galen. It was the first definite product of Greek medicine

on Roman soil, but was destined to be followed by others,

which kept up a more or less successful rivalry with it,

and with the Hippocratic tradition.

The so-called pneumatic school was founded by
Athenseus, in the 1st century after Christ. According to

its doctrines the normal as well as diseased actions of the

body were to be referred to the operation of the pneuma
or universal souL This doctrine, crudely transferred from
philosophical spec\ilation, was intended to reconcile the

'

humoral (or Hippocratic) and solidist (or methodic) schools;

but the methodists seem to have claimed Athenaeua as one

of themselves.

The conflicts of the opposing schools, and the obvious

deficiencies of each, led many physicians to try and combine

the valuable parts of each system, and to call themselves

eclectics. Among these were found many of the most
eminent physicians of GrrecoRoman times. It may be
BufTicieiit to name Rufus of Ephesus, and Archigenes, who
is mentioned by Juvenal.

Although no system or important doctrine of medicine

was originated by the Roman intellect, and though the

practice of the profession was probably almost entirely in

the hands of the Greeks, the most complete picture which
we have of medical thought and activity in Roman times

is due to a Latin pen, and to one who was, in all prob-

ability, not a physician. A. CoBnolius Celsus, a Roman
patrician, who lived probably in the first century, appears
to have studied medicine as a branch of general know-
Jerlgo. Whether he was a practising physician or not

has been a matter of controver.sy. The conclusion

supported by most evidence seems to be that he
practised on his friends and dependants, but not as a
remunerative profession. His well-known work, T>e

Medicina, was one of a series of treatises intended to

embrace all knowledge proper for a man of the world. It

was not meant for the physicians, and was certainly little

read by them, as Celsus is quoted by no medical writer,

and when referred to by Pliny is spoken of as an author, not

a physician. There is no doubt that his work is chiefly

a compilation ; and Daremborg, with other scholars, has

traced a large number of passages of the Latin text to the

Greek originals from which they were translated. In the

description of surgical operations the vagueness of the

language seems Bomctimcs to show that the author had
not performed such himself; but in other parts, and
especially in his historical introduction, he speaks with

more confidonco; and everywhere he compares and criticizes

with learning and judgment. The whole body of medical

literature belonging to the Hippocratic and Alexandrian

times is ably summarized, and a knowledge of the state

of medical science up to and during the times of the author

JM thus conveyed to us which can be obtained from no other

.i(airce. The work of Celsus is thus for m only second in

Jtnportnnce to the Hippocratic writings aud the works of

Galen ; but it is valuable rather as a part of the history "I

medicine than as the subject of that history. It forms no
link in the general chain of medical tradition, for the
simple reason that the influence of Celsus (putting aside a
few scanty allusions in medieval times) commenced in the
15th century, when his works were first discovered in mann-
script or committed to the press. Since then, however, he
has been almost up to our own times the most popular and
widely-read of all medical classics, partly for the qualities

already indicated, partly because he was one of the
few of those classics accessible to' readers of Latin, and
partly also because of the purity and classical perfection of

his language.

Of Pliny, another encyclopsedic writer, a few words
must be said, though he was not a physician. In his

Natural History we find as complete a summary of the
popular medicine of his time as Celsus gives of the

scientific medicine. Pliny disliked doctor-s, and lost no
opportunity of depreciating regular medicine ; nevertheless

he has left many cuotations from, and many details about,

medical authors which are of the highest value. He in

useful to us for what he wrote about the history of medi-
cine, not for what he contributed. Like Celsus, he had
little influence on succeeding medical literature or practice.

We now come to the. writer who, above all others,

gathered up into himself the divergent and scattered

threads of ancient medicine, and out of whom again the

greater part of modem Emopean medicine has flowed.

Galen (see vol. L 803 end x. 23) was a man furnished with

all the anatomical, medical, and philosophical knowledge
of his time; he had studied all kinds of natural curiosities,

and had stood in near relation to important political events

;

he possessed enormous industry, great practical sagacity, and
.

unbounded literary fluency. He had, in fact, every quality

necessary for an encyclopedic writer, or even for a literary

and professional autocrat. He found the medical profes-

sion of his time split Tip into a number oT sects, medical

science confounded under a multitude of dogmatic systems,

the social status and moral integrity of physicians degraded.

He appears to have made it his object to reform these evils,

to reconcile scientific acquirements and practical skill, to

bring back the unity of medicine as it had been understood

by Hippocrates, and at the same' time to raise the dignity

of medical practitioners.

Galen was as devoted to anatomical and, so far as then

understood, physiological research as to practical medicine.

He worked enthusiastically at dissection, though, the liberty

of the Alexandrian schools no longer existing, he could

dissect only animals, not the human body. In his anato-

mical studies Galen had a twofold object,— a philosophical,

to show the wisdom of the Creator in making everything

fit to serve its purpose, and a practical, to aid the

diagnosis, or recognition, of disease. The first led him info

a teleological system so minute and overstrained as to defeat

its own end ; the second was successfully attained by giving

greater precision nnd certainty to medical and surgica^

practice in difficult cases. His general physiology waa
essentially founded upon the Hippocratic theory of the

four elements, with which he combined the notion of spirit

(pneuma) penetrating all parts, and mingled with 'tha

humours in different proportions. It was on this Celil

that he most vehemently attacked the prevailing atomistic

and materialistic vio^vs of the methodic school, and his

conception of the pneuma became in some respects half

metapliysieaL His own researches in special branches of

physiology were importanVbut do not Btrictly belong to

our present subject.

The application of physiology to the explanation ,ol

diseases, and thus to practice, was chiefly by the thtory of

the temperaments or mixtures which Ualen founded opolt
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the Hippocratic doctrine of humours, but developed with

marvellous and fatal ingenuity. The normal condition or

temperament of the body depended upon a proper mixture

or proportion of the four elements—hot, cold, wet, and dry.

From faulty proportions of the same arose the intonperies

("distempers"), which, though not diseases, were the

occasions of disease. Equal importance attached to

faulty mixtures or dyscrasia^ of the blood. By a combin-

ation of these morbid predispositions with the action of

deleterious influences from without all diseases were pro-

duced. Galeti showed extreme ingenuity in explaining all

symptoms and all diseases on his system. Ko phenomenon

was without a name, no problem without a solution. And,

though it was precisely in his fine-spun subtlety that he

departed farthest from scientific method and practical

utility, it was this very quality which seems in the end to

have secured his popularity and established his pre-eminence

in the medical world.

Galen's use of drugs was influenced largely by the same
theories. In drugs were to be recognized the same

elementary qualities—hot, cold, moist, dry, &c.—as in the

human body ; and, on the principle of curing by contraries,

the use of one or other was indicated. The writings of

Galen contain less of simple objective observation than

those of several other ancient physicians, all being swept

into the current of dogmatic exposition. But there is

enough to show the thoroughness and extent of his practical

knowledge. Unfortunately it was neither this nor his zeal

for research that chiefly won him followers, but the com-

pletensss of his theoretical explanations, which fell in

with the mental habits of succeeding centuries, and were

Buch as have flattered the intellectual indolence of all ages.

But the reputation of Galen grew elowly ; he does not

appear to have enjoyed any pre-eminence over other

physicians of his time, to most of whom he was strongly

opposed in opinion. In the next generation he began to

be esteemed only as a philosopher
;
gradually his system

was implicitly accepted, and it enjoyed a great though not

exclusive predominance till the fall of Roman civilization.

When the Arabs possessed themselves of the scattered

remains of Greek culture, the works of Galen were more
highly esteemed than any others except those of Aristotle.

Through the Arabs the Galenical system found its way
back again to Western Europe. Even when Arabian medi-

cine gave way before the direct teaching of the Greek authors

rescued from neglect, the authority of Galen was increased

instead of being diminished ; and he assumed a position of

autocracy in medical science which was only slowly under-

mined by the growth of modern science in the 17th and

18th centuries.

But the history of medicine in Roman times Is by no

means the same thing as the history of the fate of the

works of Galen. For some centuries the methodic school

was popular at Rome, and produced one physician, Coelius

Aurelianus, who must be pronounced, next to Celsus, the

most considerable of the Latin medical writers. His date

was in all probability the end of the 4lh or beginning of

the 5th century. The works bearing his name are, as has

been said, entirely based upon the Greek of Soranus, but
are important both because their Greek originals are lost,

and because they are evidence of the state of medical

practice in his own time. The popularity of Ccelius is

evidenced by the fact that in the 6th century an abridg-

ment of his larger work was recommended by Cassiodorus

to the Benedictine monks for the study of medicine.

Before quitting this period the name of Aretseus of

Cappadocia must be mentioned. So little is known
about him that even liis date cannot be fixed more closely

than as being between the second half of the 1st century

aad the beginning of the 3d. His works have been much

admired fcr the purity of tlie Greek style, and his accurate

descriptions of disease ; but, as -he quotes no medical

author, and is quoted by none before Alexander of

Aphrodisias at the beginning of the 3d century, it is clear

that he belonged to no school and founded none, and

thus his position in the chain of medical tradition is quite

uncertain. Alexander of Aphrodisias, who lived and wrote

at Athens in the time of Septimius Severus, is best known
by his commentaries on Aristotle, but also wrote a treatise

on fevers, still extant.

Ancient Mudicine after Galen.—The Byzantine .school

of medicine, which closely corresponds to the Byzantine

literary and historical schools, followed closely in Galen's

footsteps, and its writers were chiefly compilers and ency-

clopedists. The earliest is Oribasius (326-403), whose

date and position are fixed by his being the friend and
court physician of Julian the Apostate. He was a Greek

of Pergamum, educated in Alexandria, and long resident

in Byzantium. His great work 2iii'oyojyai larpiKal, of

which only about one-third has been preserved, was a

medical encyclopaedia founded on extracts from Hippo-

crates, Galen, Dioscorides, and certain Greek writers who
are otherwise very imperfectly known. The work is thus

one of great historical value but of no originality. The next

name which requires to be mentioned is that of Aftiu*

(.550 A.D. ), a compiler who closely followed Oribasius, but

with inferior powers, and whose work also has an historical

but no original value. A higher rank among medical

writers is assigned to Alexander of Tralles (525-605),

whose doctrine was that of an eclectic. His practical

and therapeutical rules are evidently the fruit of his own
experience, though it would be difficult to attribute to

him any decided advance in medical knowledge. But the

most prominent figure in Byzantine medicine is that of

Paul of iEgina (Paulus jEgineta), who lived probably

in the early part of the 7th century. His skill, especially

in surgery, must have been considerable, and his 'JaTpiKii

gives a very complete picture of the achievements of

the Greeks in this department. Another work, on ob-

stetrics, now lost, was equally famous, and procured foi

him, among the Arabs, the name of "the Obstetrician."

His reputation lasted through the Middle Ages, and
was not less in the Arabian schools than in the

West In this respect Paulus is a most important in

fluence in the development of medicine. His great

work on surgery was early translated into Arabic, and
became the foundation of the surgery of Abulcasis,

which in turn (to anticipate) was one of the chief sources

of surgical knowledge to Europe in the Jliddle Ages.

The succeeding period of Byzantine history was so little

favourable to science that no name worthy of note occurs

again (though many medical works of this period are still

extant) till the 13th century, when we meet with a group

of writers ;—Demetrius Pepagomenus, Nicolaus Myrepsus,

and Johannes, called Actuarius, who flourished under the

protection of the Palseologi. The work of the last has some
independent merit ; but all are interesting as showing a

fusion of Greek and Arabian medicine, the latter having

begun to exercise even in the 11th century a reflex influence

on the schools of Byzantium. Something was borrowed

even from the school of Salerno, and thus the close of

Byzantine medicine is brought into (Connexion with the

dawn of science in modern Europe.

In the West the period after Galen affords little evidence

of anything but a gradual though unvarying decline in

Rompn medicine. Coelius. Aurelianus, already referred to

as the follower of Soranus, must be mentioned as showing

the persistence of the methodic school. An abridgment

of one of his writings, with the title of Aurelivs, became the

most popular of all Latin medical works. As a writer he
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was worthy of a better (jeiioit of incJical literature. Little

else was produced in these times but compilations, of the

most meagre kind, chiefly of the nature of herbals, or

domtstic receipt-books; among the authors of which it may
be sufficient to name Serenus Sammonicus (3d century),

Gargiliua Martialis (3d century), and Marcellus Empiricus

(5th century). Certain compilations .still extant bear the

fahely-assumed names of eminent writers, such as I'liny

and Hippocrates. A writer with the (perhaps assumed)

name of Apuleius Platonicus produced a herbal which held

its ground till the 15th century at least, and was in the 9tli

translated into Anglo-Saxon. These poor compilations, ;

together with Latin translations of certain works of Galen ,

and Hippocrates, formed a medical literature, meagre and i

unprogressive indeed, but of which a great part survived i

thrci..igh the Middle Ages till the discovery of printing and ;

revival of learning. It is important to remember that this I

-obscure stream of tradition flowed on, only partially

affected by the influx of Arabian, or even the early revival

of purer classical learning.

Arahian i]fedicine.—The rise of the Mohammedan empire,

which influenced Europe so deeply both politically and .

intellectually, made its mark also in the history of medicine.

.A.S in the parallel case of the Roman conquest of Greece,

the superior culture of the conquered race asserted its supre-

macy over their Arab conquerors. After the Mohammedan
conquests became consolidated, and learning began to

flourish, schools of medicine, often connected with hospitals

and schools of pharmacy; arose in all the chief seats

of Moslem power. At Damascus Greek medicine was
lealously cultivated with the aid of Jewish and Chris-

tian teachers. In Baghdad, under the rule of Hanin el

Rashfd and his successors, a still more flourishing school

arose, where numerous translations of Greek medical works
were made. The names of Mesua, orYahyiibn JL'isawaih

ioh. 243 A.H., 857-8 A. a), celebrated for his knowledge
•f drugs, and Honein ibn Ishak el 'Ibadi (oh. 873) or

Joannitius, the translator and commentator of Hippocrates

and Galen, belong to this period. Certain writings of Joan-

nitius, translated into Latin, were popular in the Middle
Ages in Europe, and were printed in the 16th century.

At the same time the Arabs became acquainted with -Indian

jedicine, and Indian physicians lived at the court of

Baghdad. The Islamite rulers in Spain were not long

behind those of the Enst in encouraging learning and
medical science, and developed culture to a still higher

degree of perfection. In that country much was due to

the Jews, who had already established schools in places

which were afterwards the seats of Moslem dominion.

From the 10th to the 13th century was the brilliant per^d

of Arabian medicine in Spain.^

The classical period of Arabian medicine begins with

Rhazes (Abi\ Bakr Mohammed ibn ZakariyA cl-Rdz(, 313
A.M., 925-20 A.I).), a native of Ray in the province of

Dailam (Persia), who practised with distinction at

Baghdad ; ho followed the doctrines of Galen, but

learnt much from Hippocrates. He was the first of the

Arabs to treat medicine in a comprehensive and cncj'-

eloptcdic manner, surpassing probably in voluminousness

Galen himself, though but a small proportion of his works

are extant Rhazes is deservedly remembered as having

first described small-pox and measles in an accurate manner.

Haly, i.e., 'All ibn cl-'AbbAs (ob. 99-1), a Persian, wrote a

medical text-book, known as the "Royal Book," which was
tlie standard authority among the Arabs up to the time of

Avicenna, and was more than once translated into Latin

and printed. Other writers of this century need not bo

mentioned here ; but the next, the 1 1th century, is given as

' S*o Vozy, Cat. Cod. Or. Lvg. Bat., li. 296.

the probable though uncertain date of a writer who had a

great influence on European medicine, Mesua the younger

of Damascus, whose personality is obscure, and of whose
very existence some historians have doubted, thinking

that the name was assumed by .some mediaeval Latin writer.

The work De Simp/icihiis, which bears his name, was for

centuries a standard authority on what would now be
called materia niedica, was printed in twenty-six editions in

the 15th century and later, and was used in the formation

of the Grst London phainiacopctia, issued by the College

of Physicians in the reign of James I. Either to the

10th or the 11th century must be referred the name of

another Arabian phy.sician who has al.so attained the

position of a classic, Abu'l KAsim, or Abulcasis, of El-

Zahra, near Cordova in Spain, His great work, Altusrif,

a medical encyclopedia, is chiefly valued for its surgical

portion (already mentioned), which w.as translated into

Latin in the 12th century, and was for some centuries a

standard if not the standard authority on surgery in

Europe. Among his own countrymen the fame and posi-

tion of Abulcasis were soon eclipsed by the greater nama
of Avicenna (Ibn Siu.A).

Avicenna (see vol. iii. p. 152 .':^/.) has always been re-

garded as the chief representative of Arabian medicine. He
wrote on philosophy also, and in both subjects acquired

the highest reputation through the whole of Eastern Islam.

In Mohanmiedan Spain he was less regarded, but iu

Europe his works even eclipsed and superseded those of

Hippocrates and Galen. His style and expository powSr

are highly praised, but the subject-matter shows little

originalit}'. The work by which he is chiefly known, the

celebrated " canon," is an encyclopa»dia of medical and
surgical knowledge, founded upon Galen, Aristotle, the

later Greek physicians, and the earlier Arabian writers,

singularly complete and systematic, but is thouj;ht not to

show the practical experience of its author. As iu the

case of Galen, the formal and encyclopaedic character of

Avicenna's works was the chief cause of his popularity

and ascendency, though in modern times these very

qualities iu a scientific or medical writer would rather causa

him to become more speedily antiquated.

In the long list of Arabian medical writers rone can

here be mentioned except the great names of the Hispano-

^loorish school, a school both philosophically and medi-

cally antagonistic to that of Avicenna. Of these the

earliest is Avenzoar, or Abumnron, that is, Abu Merwdn
'Abd el-Malik Ibn Zohr (1113-62), a member of a

family which gave several distinguished members to the

medical profession. His chief work, Al-Teysir (facilitatio),

i? thought to show more practical experience than the

writings of Avicenna, and to be less based upon dialectical

subtleties. It was translated into Latin, and more than

once printed, as were some of his lesser works, which thus

formed a part of the contribution made by the Arabians to

European medicine. His friend and pupil Avekroes of

Cordova (<?.''.), so well known for his philosophical writings,

was also an author in medical subjects, and as such

widely read iu Latin. The famous Rabbi >L\imonides

iq.v.) closes for us the roll of medical writers of the

Arabian school. His works exist chiefly in the original

Arabic or in Hebrew translations; only some smaller

treatises have been translated into Latin, so that no definite

opinion can be formed as to their medical value. But, so

far as is known, the independent and rationalistic spirit

which the two last-named writers showed in philosophy

did not lead them to take any original point of view in

medicine.

The works of the AraDian medical writers who
have now been mentioned form a very small fraction of

the existing literature. Three hundred medical writers in
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Arabic are enumerated by Wiistenfeld, aud otber historians
have enlarged the list (Haeser), but only three have been
printed in the original ; a certain number more are kmown
through old Latin translatjons, and the great majority still

exist in manuscript. It is thus evident that ths circum-
stance of having been translated (which may liave been in
some cases almost an accident) is what has chiefly de-
termined the influence of particular writers ou Westeru
medicine. But it is improbable that further research will

alter the general estimate of the value of Arabian medicine.
Thera can be no doubt that it was in the main Greek
medicine, modified to suit other climate;!, habits, and
national tastes, and with some important additions from
Oriental sources. The greater part is taken from Hippo-
crates, Galen, Dioscorides, aud later Greek writers. The
Latin medical writers were necessarily unknown to the
Arabs ; and this was partly the cause that even in Europe
Galenic medicine assumed such a preponderance, the
methodic school and Celsus being forgotten or neglected.
In anatomy and physiology tlie' Arabians distinctly went
back; in surgery they showed no advance upon the Greeks

;

in practical medicine nothing new can be traced, except
the description of certain diseases {e.g., small-pox and
measles) unknown or imperfectly known to the Greeks

;

the only real advance was in pharmacy and the therapeutical

use of drugs. By their relations with the further East,

the Arabs became acquainted with valuable new remedies
which have held their ground till modern times ; and their

skill in chemistry enabled them to prepare new chemical
remedies, and form many combinations of those already in

use. They produced the first pharmacopceia, and estab-

lished the first apothecaries' shops. Many of the names
and many forms of medicines now used, and in fact the

general outline of modern pharmacy, except so far as modi-
fied by modern chemistry, started with the Arabs. Thus
does Arabian medicine appear, as judged from a modern
standooint; but to medieval Europe, when little but a '•

traaition remained of the great ancient schools, it was
investail with a far" higher degree of originality and im-
portance.

It is now necessary to consider what was the state of

medicine in Europe after the fall of the ^yestern empire
and before the influence of Arabian science and literature

began to be felt. This we may call the pre-Arabiau or

Salernitan period.

Medicine in the Earlt; Middle Ages : School of S'llemo.

—In medical as in civil history there is no real break.. A
continuous thread of learning and practice must have con-

nected the last period of Roman medicine already mentioned
with the dawn of science in the Jliddle Ages. But the

intellectual thread is naturally traced with greater difliculty

than that which is the theme of civil history ; aud in periods

such as that from the 5th to the 10th century in Europe
it is almost lost. The chief homes of medical as of other
learning in these disturbed times were the monasteries.

Though the science was certainly not advanced by their

labours, it was saved from total oblivion, aud many ancient
medical works were preserved either in Latin or vernacular
versions The "Anglo-Saxon Leechdoms'' of the lltli

century, published in the Master of the Rolls series of

medicEval chronicles and memorials, admirably illustrate

the mixture of mlgic and superstition with the relics of
ancient science which constituted monastic medicine. Simi-
lar works, in Latin or other languages, exist in manuscript
in nil tlie great European libraries. It was among the
Benedictines that the monastic study of medicine first re-

ceived a new direction, and aimed at a higher standard.
The study of Hippocrates, Galen, and other classics was
recommended by Cassiodorus (6th century), and in the
original mother-abbey of .Monto C'assino medicine was

Btndied ; but lliiis was not there what could be called a
medical Bchool ; nor had this foundation any connexion
(as has been supposed) with the famous school of Salerno.

The origin of this, the most important source of medical

knowledge in Europe in the early Middle Ages, is involved

in obscurity. It is known that Salerno, a Roman colony,

in a situation noted in ancient times for its salubrity, wos
in the 6th century at least the seat of a bishopric, and at

the end of the 7th century of a Benedictine monastery,
and that some of the prelates and higher clergy were dis-

tinguished for learning, and even for medical acquirements.

But it has by recent researches been ' clearly established

that the celebrated Schola Safemitana was a purely secular

ijistitution. All that can with certainty be 'said is that e

school or collection of schools gradually grew up in which
especially medicine, but also, in a subordinate degree, law
and philosophy were taught. In the 3th century Snlernitau

physicians were al'eady spoken of, aud the city was known
as Cit'itas nippoc-ntira. A little later we find great and
royal personages resorting to Salerno for the restoration of

their health, among whorp was William of Normandy,
aftern-ards the Conqueror The number of students of

medicine must at one timn have been considerable, and
in a corresponding degree the number of *eachers. Amoug
the latter many were married, and the'r rives and daughter
appear also in the lists of professors. The most noted

female professor was the celebrated Trotula :u the lltli

century. The Jewish element appears to ba'^e been im-

portant among the students, and possibly amoDg the

professors. The reputation of the school was great till

the 12th or 13th century, when the introduction of tha

Arab medicine was gradually fatal to it. The foundation

of the university of Naples, and the rise of Jlontpellier,

also contributed to its decline.

The teachings of the Salernitan doctors are pretty well

known through existing works, some of which have only

recently been discovered and published. The best-knowu

is the anonymous rhyming Latin poem on health, Bcgimnt

Sanitatis SaJerni, professedly written for the nse of the

"king of England," supposed- to moan Robert, sou of

William the Conqueror; it had an immense reputation' in

the Jliddle Ages, and was afterwards many times printed,

and translated i'uto most European languages. This was

a popular work intended for the laity ; but there are others

strictly professional. Among the writers it may be

sufficient to mention here Gariopontus ; Copho, who wrote

the Anafome Porci, a well-known mediaeval book ; Joannes

Platearius, first of a family of physicians bearing the same
name, whose Fractica, or medical compendium, was after-

wards several times printed ; and Trotula, believed to be

the wife of the last-named. All of these fall into the first

period before the advent of Arabian' medicine. In the

transitional period, when the Arabian school begnn to influ-

ence European- medicine, but before the Salernitans were

superseded, comes Nicolans Pr*positus, who wrote .the

Antidotarium, a collection of formuhne for compound medi-

cines, which became the standard work on the subject, and
the foundation' of many later compilations. An equally

popular writer was Gilles de Corbeil (^gidius Corbollensis),

at one time a teacher at Salerno, afterwards court physician

to Philip Augustus of France, who composed several pCms
in Latin hexameters on medical subjects. Two of them,

ou the urine and the pulse respectively, attained the position

of medical classics.

None of ihese Salernitan works rise much above the

rank of compilations, being founded on Hippocrates, Gulen,

ond later Greek writers, with an unmistakable mixture of

the doctrines of the methodists. But they often show

much practical experience, and exhibit the naturalistic

method of the Hipposratic school. The general plan of



UIS.WRV.J 31 E D I C I N E 807

tre;itmeut is cliutetic latlier tliaii iiliarmaceuticnl, though
tli3 ;iit of i>icparing drugs had reached a high degree of

uomiilexity at Salerno. Auatoiuy was as little regarded

U3 it was in tho later ancient schools, the empiric and
methodic, but demonstrations of the parts of the body
were given on swino. Although it cannot be said that

the science of medicine was advanced at Salerno, still its

decline was arrested at a time when every other branch of

learning was rapidly falling into decay ; and there can be

110 doubt that tho observation of patients iu hospitals, and
probably clinicil instruction, were made use of in learning

and teaching. The school of Saluruo thus forms a bridge

between the ancient and the modern medicine, more direct

though less conspicuous than that circuitous route, througli

Byzantium, Baghdad, and Cordova, by which Hippocrates

and Galen, iu Arabian dress, again entered the European

world. . Though the glory of Salerno iiad departed, the

school actually existed till it was finally dissolved by an

edict of the emperor Napoleon I. in the year 1811.

IlUroduction of Arabian .1Iedi':iiie : The Si'holastic

Period. — About the middle of tho 11th century tho

Arabian medical writers began to be known by Latin

translations in the Western world. C'onstantinus Africanus,

a monk, was the author of the earliest of such versions

(1050 A.D.) ; his labours were directed chiefly to the less

important and less bulky Arabian authors, of whom Halj

was the must noted ; the real classics were not intro-

du;ed till later. For some time the Salernitan medicine

held its ground, and it was not till the conquest of Toledo

by Alphonso of Castile that any large number of Western

scholars came in contact with the learning of the Spanish

Moors, and systematic efforts were made to translate their

philosophical and medical works. Jewish scholars, often

under the patronage of Christian bishops, were especially

active in the work. In Sicily also the Oriental tendencies

of Frederick Barbarossa and Frederick IL worked in the

samo direction. Gerard of Cremona, a physician of Toledo

(1114-87), made translations, it is said by command
of Barbarossa, from Avicenna and others. It is needless

to point out the influence of the crusades in making
Eastern ideas known in the Western world. Tho in-

fluence of Arabian medicine soon began to be felt even

in the Hippocratic city of Salerno, and in the 13th

century is said to have held an even balance with the

older medicine. After this time the foreign influence

predominated ; and by the time that tho Aristotelian

dialectic, in the introduction of which the Arabs had so

largo a share, prevailed in the schools of Europe, tho

Arabian version of Greek medicine reigned supreme in

the medical world. That this movement coincided with

the establishment of some of the older European univer-

sities is well known. The history of medicine in tho

period now opening is closely combined with the history

of scholastic iihilosoiihy. Both were infected with the

same dialectical subtlety, which was, from the nature of

tho subject, especially injurious to medicine.

At the same time, through the rise of the universities,

medical learning was much more widely diffused, and the

'first definite forward movement was seen in the school of

iMontpellior, whore a medical faculty existed early in the

jl2th century, afterwards united with faculties of law and

philosophy. Tho medical school owed its foundation

lirgely to Jewish teachers, themselves educated in the

.^Ioorish schools of Spain, and imbued with the intellectual

independence of the Avcrroists. Its rising prosperity coin-

cided with the decline of the school of Salerno. Montpellier

became distinguished for the practical and empirical spirit

of its medicine, as contrasted with tho dogmatic and

scholastic teaching of Paris and other universities. In

Italy, BoKigna and Pndua were earliest distinguished for

medical studies,—the former preserving more or tne
Galenical tradition, the latter being more progressive and
Averroist. The northern universities contributed little,

—

the reputation even of Paris being of later growth.

The supremacy of Arabian medicine lasted till the revival

of learning, when the study of the medical classics in their

original language worked another revolution.
, The medical

writers of this period, who chiefly drew from Arabian
sources, have been called Arabists (though it is difficult to

give any clear meaning to this term), and were afterwards
known as the neoterics.

The medical literature of this period is extremely
voluminous, but essentially second-hand, consisting mainly
of commentaries on Hippocrates, Galen, Avicenna, and
others, or of compilations and compendia still less original

than commentaries. Among these may be mentioned the

Conciliator of Peter of Abano (1250-1315), the Aff/rer/ator

of Jacob de Dondi {1208-1359), both of the school of

Padua, and the Payidecix Jfedicinx of the Salernitan

MattliKUs Sylvaticus (ot. 1342), a sort of medical glossary

and dictionary. But for us the most interesting fact is

the first appearance of Englishmen as authors of medical
works having a European rejiutatiou, distinguished, accord-

ing to the testimony of Haeser, by a practical tendency

characteristic of the British race, and fostered in the school

of ^lontpellior.

The first of these works is the Compendium Medicinsc,

also called Lanrea or L'osa Anf/licana, of Gilbert (Gilbertus

Anglicus, about 1290), said to contain good observations

on leprosy. A more important work, the Practica sen

Lilium Jfediciiia; of Bernard Gordon, a Scottish professor

at Montpellier (written in the year 1307), was more widely

spread, being translated into French and Hebrew, and
printed in several editions. Of these two physicians the

first probably, the latter certainly, was educated and

practised abroad, but John Gaddesden, the author of Ji'osa

Anglica sen Practica }[cdicinx (between 1305 and 1317),

was a graduate in medicine of Merton College, Oxford, and

court physician. His compendium is entirely wanting in

originality, and perhaps unusually destitute of common
sense, Ixit it became so popular as to be reprinted up to

the end of the 16th century. Works of this kind became

still more abundant in the 14th end in the first half of

the 15tli century, till the wider distribution of the medical

classics in the original put them out of fashion.

In surgery this period was far more productive than in

medicine, especially in Italy and France, but the limits of

our subject only permit us to mention Gulielmns de

Saliceto of Piacenza (about 1275), Lanfranchi of Milan

(died about 1306), the French surgeon, Guy de Chaulinc

(about 1350), and the Englishman, John Ardern (about

1350). In anatomy also the beginning of a new epoch

wag made by Mondino do Liucci, or ]\Iundinus (1275-

1326), and his followers. Some advance was made iu

Lhomistry by the celebrated Arnold de Villanova (1235-

1312), whose medical writings (if the Breviarium Practice

bo rightly ascribed to him) rise above tho rank of compila-

tions. Finally, in tho 1 3th and otpecially the 14th ctntury,

we find, under the name of co»si7i((,the first medix'vid reports

of medical cases whirh are preserved in such a form as to be

intelligible. Collections of consi'ia were published, among
others, by Gentiiis Fulgincus before 1348, by Bartolomeo

Montagnana (died in 1470), and by Baverius do Baveriis

of Imola (about 1450). Tho last-named, wo can say from

experience, contains much that is interesting and readable.

Period of the Revival of Learning.—The impulse which

all departments of intellectual activity received from the

revival of Greek literature in Europe was felt by medicine

among the rest. Not that the spirit of the science, cr of

its corresnondins yrpct'ce, w^s ".t 'in-e cLjnged. Th»
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basis of medicine through the Middle Ages had been

literary and dogmatic, and it was literary and dogmatic

still ; but the medical literature now brought to light,

including as it did the more important works of Hip-

pocrates and Galen, many of them hitherto unknown,

^d in addition the forgotten element of Latin medicine,

especially the work of Celsus, was in itself far superior to

the second-hand compilations and incorrect versions which

Jiad formerly been accepted as standards. The classical

•works, though still regarded with unreasoning reverence,

were found to have a germinative and vivifying power that

carried the mind out of the region of dogma, and prepared

the way for the scientific movement which has been

growing in strength up to our own day.

Two of the most important results of the revival of

learning were indeed such as are excluded from the scope

of thid brief sketch, namely, the reawakening of anatomy,

which to a large extent grew out of the study of the

works of Galen, and the investigation of medicinal plants,

to which a fresh impulse was given by the revival of

Dioscorides and other ancient naturalists. The former

brought with it necessarily a more accurate conception of

jihysiology, and thus led up to the great discovery of

Harvey, which was the turning-point in modern medicine.

The latter gave rise, on tbe one hand, to the modern science

of botany, on the other to a more rational knowledge of

xinigs and their uses. At the same time, the discovery of

America, and increased intercourse with the East, by intro-

ducing a variety of new plants, greatly accelerated the

progress both of botany and pharmacology.

But it was not in these directions that improvement was

first looked for. It was at first very naturally imagined

that the simple revival of classical and especially of Greek

literature would at once produce the same brilliant results

.in medicine as in literature and philosophy. The move-

ment of reform started, of necessity, with scholars rather

than practising physicians,—more precisely with a group

of learned men, whom we may be permitted, for the sake

fif a name, to call the medical humanists, equally enthusi-

astic in the cause of letters and of aiedicine. From both

fields they honied to expel the evils which were summed
up in the word barbarism. Nearly all mediasval medical

literature was condemned under this name ; and for it

the humanists proposed to substitute the originals of

Hippocrates and Galen, thus leading back medicine to. its

fountain-head. Since a knowledge of Greek was still

confined to a small body of scholars, and a still smaller

proportion of physicians, the first task was to translate the

Greek classics into Latin. To this work several learned

physicians, chiefly Italians, applied themselves with great

ardour. Among the earliest were Nicolaus Leonicenus

uf Vicenza (1428-1524), Giovanni de Monte or Montanus

(1498-1552), and many others in Italy. In northern

Europe should be mentioned Gulielmus Copus (1471-

1532) and Gunther of Andernach (1487-1584) better

known as Guinterius Andernaceusis, both for a time pro-

fessors at Paris ; and, among the greatest, Thomas Linacre

(about 1460-1524; see Li.vacke). A little later Janus

Cornarius or Hageubut (1500-58) and Leonard Fuchs

(1501-66) in Germany, and John Kaye or Caius (1510-

72) in England, carried on the work. Symphorien Cham-
pier (Champerius or Campegius) of Lyons (1472-1539),

a contemporary of Rabelais, and the patron of Ser-

vetus, wrote with fantastic enthusiasm on the superiority

of the Greek to the Arabian physicians, and possibly did

something to enlist in the same cause the two far greater

men just mentioned. Rabelais not only lectured on Galen

and Hippocrates, but edited some works of the latter; and
Servetus, in a little tract Sijruporum universa ratio,

^iefonded the practice of Galen as compared with that of

the Arabians. The great Aldine press made an important

contribution to the work, by ediliones princiiyes of Hippo-

crates and Galen in the origiual. Thus was the campaign

opened against the mediajval and Arabian writers, till

finally Greek medicine assumed a predominant position, and

Galen took the place of Avicenna. The result was recorded

in a formal manner by the Florentine Academy, sometirr.e

shortly before 1535: "quae, excusso Arabic* et barbarae

servitutis medie;e jugo, ex professo se Galenicara appct

lavit et profligato barbarorum exercitu unum totum et

solum Galenum, ut optimum artis medicre authorem, in

omnibus se sequuturam pollitita est." Janus Cornarius,

from whom this is quoted, laments, however, that the

Arabians still reigned in most of the schools of medicine,

and that the Italian and Freiich authors of works called

Pi-ai-tica were still in high repute. The triumph of

Galenism was therefore not complete by the middle of the

16th century. It was jirobably most so, and earliest, in

the schools of Italy and in those of England, where the

Loudon College of Physicians might be regarded as an off-

shoot of the Italian schools. Paris was the stronghold of

conservatism, and Germany was stirred by the teachings of

one who must be considered apart from all schools—Para-

celsus. The nature of the struggle between the rival

systems may be well illastrated by a formidable contro-

versy about the rules fur bleeding in acute diseabes. This

operation, according to the Arabian practice, was always

performed on a vein at a distance from the organ afiectcd.

The Hippocratic and also Galenic rule, to let blood from, or

near to, the diseased organ, was revived by Brissot (1470-

1522), a professor in the university of Paris. His attempt

at reform, which was taken to be, as in effect it was, a

revolt against the authority of the Arabian mastera, led to

his expulsion from Paris, and the formal prohibition by the

parliament of his method. Upon this apparently trifling

question arose a controversy which lasted many years,

occupied several universities, and led to the interposition

of personages no less important than the pope and the

emperor, but which is thought to have largely contributed

to the final downfall of the Arabian medicine.

PLimcelsus and Chemical Medicine.—Contemporary with

the school of medical humanists, but little influenced by

them, lived in Germany a man of strange genius, of whose

character and importance the most opposite opinions have

been expressed. The first noticeable quality in Para-

celsus (c. 1490-1541) is his revolutionary independence

of thought, which was supported by his immense personal

arrogance. Himself well trained in the learning and

medical science of the day, he despised and trampled upon

all traditional and authoritative teachings. He began his

lectures at Basel by burning the books of Avicenna and

others ; he afterwards boasted of having read no books for

teu years ; he protested that his shoe buckles were more

learned than Galen and Avicenna. On the other hand, he

spoke with respect of Hippocrates, and wrote a commentary

on his Aphorittnis. In this we see a spirit very different

from tLe enthusiasm of the humanists for a purer and

nobler philosophy than the scholastic and Arabian versions

of Greek thought. There is no record of Paracelsus's

knowledge of Greek, and as. at least in his student days,

the most important works of Greek medicine were very

imperfectly known, it is probable he had little firsthand

acquaintance with Galen or Hippocrates, while his breach

! with the humanists is the more conspicuous from his lec-

I

taring and writing chiefly in his native German.

Having thus made a clean sweep of nearly the whole of

the dogmatic medicine, what did Paracelsus put in its place 1

Certainly not pure empiricism, or habits of objective

observation. He had a dogma of his own,—one founded,

according to his German expositors, on the views of the
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Keo-Platonists, of which a fen* disjointed specimens must
here suffice. The human body was a " microcosm " which
corresponded to the "macrocosm," aud contained in itself

all parts of visible nature,—sun, moon, stars, and the poles

of heaven. To know the nature of man and how to deal

with ir, the physician should study, not anatomy, which
Paracelsus utterly rejected, but all parts of external nature.

Life was a perpetual germinative process controlled by
the indwelling spirit or Archeus ; and diseases, according

to the vTiystical conception of Paracelsus, were not natural,

but spiiituaL Xature was sufficient for the cure of most
diseases ; art had only to interfere when the internal

physician, the man himself, was tired or incapable. Then
some remedy had to be introduced which should be antago-

nistic, not to the disease in a physical sense, but to the

spiritual seed of the diseasfj. These remedies were arcana,

—a word corresponding partly to what we now call specific

remedies, but implying a mysterious connexion between
the remedy and the ',' essence " of the disease. Arcana were

often shown to be such by their physical properties, not only

by such as heat, cold, lirc, but by fortuitous resemblances

to certain parts of the body; thus arose the famous doctrine

of "signatures" or signs indicating the virtues and uses

of natural objects, which was afterwards developed into

great comple.^ty. Great importance was also attached to

chemically prepared remedies as containing the essence or

spiritual quality of the material from which they were

derived. The actual therapeutical resources of Paracelsus

included a large number of metallic preparations, in the

introduction of some of which he did good service, and,

among vegetable preparations, the tincture of opium, still

known by the name he gave it, laudanum. In this

doubtless he derived much advantage from his knowledge

of chemistry, though the science was as yet not disen-

tangled from the secret traditions of alchemy, and was
often mixed up with imposture.

German historians of medicine attach great importance

to the revolt of Paracelsus against the prevailing systems,

and trace in his writings anticipations of many scientific

truths of Liter times. That his personality was influential,

and his intrepid originality of great value as an example
in his own country, is undeniable. As a national reformer

he has been not inaptly compared to Luther. But his

importance in the universal history of medicine we cannot

climate so highly. The chief immediate result we can

•Tace is the introduction of certain mineral remedies,

especially antimony, the use of which became a kind of

\»adge'cf the disciples of Paracelsus. The use of these

/emedies was not, however, necessarily connected with a

belief in his system, which seems to have spread little

beyond Lis own country. Of the followers of Paracelsus

some became mere mystical quacks and impostors. Others,

of more learning and better repute, were distinguished

from the regular physicians chiefly by their use of chemical

remedies. In Franco the introduction of antimony gave

rise to a bitter controversy which lasted into the Nth
century, and led to the expulsion of some men of mark
from the Paris faculty. In England "chemical medicine"

is first heard of in the reign of Elizabeth, and was in like

manner contemned and assailed by the College of Physicians

and the Society of Apothecaries. But it should be

remembered that all the chemical physicians did not call

Paracelsus master. The most notorious of that school in

England, a certain Anthony, never quotes Paracelsus, but

relies npon Arnold do ViUanova and Raymund Lully.

From this time, however, it is always possible to trace a

Bchool of chemical practitioners, who, though condemned

by the orthodox Galenists, held their ground, till in the

\7th century a successor of Paracelsus arose in the cele-

brated Van Helmont.

Conseqiiencfs of the Jievival of Ancient Medicinf.—Thd
revival of Galenic and Hippocratic medicine, though ulti-^

matelyit conferred the greatest benefits on medical science,'

did not immediately produce any important or salutary
reform in practical medicine. The standard of excellence iu

the ancient writers was indeed far above the level of the ICtli

century; but the fatal habit of taking at second hand what
should have been acquired by direct observation retarded
progress more than the possession of better models assisted

it, Bo that the fundamental faults of mediaeval science
remained uncorrected.

Nevertheless some progress has to be recorded, even if

not due directly to the study of ancient medicine. In the
first place the 15th and ICth centuries were notable for

the outbreak of certain epidemic diseases, which were
unknown to the old physicians. Of these the chief was the
"sweating sickness" or "English sweat," especially pre-

valent in, though not confined to, the country whence it is

named. Among many descriptions of this disease, that
by John Kaye or Cains, already referred to, was one of
the best, and of greaJ; importance as showing that the
works of Galen did not comprise all that could be known
in medicine. The spread of syphilis, a disease equally
unknown to the ancients, and the failure of Galen's
remedies to cure it, had a similar effect.

In another direction the foundations of modern medicine
were being laid during the IGth century, namely, by the
introduction of clinical instruction in hospitals. In this

Italy, and especially the renowned school of Padua, took
the first step, where De Jlonte (Montanus), already

mentioned as a humanist, gave clinical lectures on tha
patients in the hospital of St Francis, which may stiU bo
read with interest. Pupils flocked to him from all European
countries ; Germans are especially mentioned ; a Polish

student reported and published some of his lectures; and
the Englishman Kaye was a zealous disciple, who does
not, however, seem to have done anything towards trans-

planting this method of instruction to his own country.

Inspections of the dead, to ascertain the nature of the

disease, were made, though not without difficulty, and thus

the modern period of the science of morbid anatomy waa
ushered' in.

Medicine in ike I7ik century.'—The medicine of thft

early part of the 17th presents no features to distinguish

it from that of the preceding century. The practice and
theory of medicine were mainly founded upon Hippocrates

and Galen, with ever-increasing additions from the chemical

school. But the development of mathematical and physical

science soon introduced a fundamental change in the habite

of thought with respect to medical doctrine.

These discoveries not only weakened or destroyed the"

respect for authority in matters of science, but brought
about a marked tendency to mechanical explanations of

life and disease. When Harvey by his discovery of the

circulation furnished an explanation of many vital pro-

cesses which was reconcileable with the ordinary laws of

mechanics, the efforts of medical theorists were naturally

directed to bringing all the departments of medicine under
similar laws. It is often assumed that the writings and
influence of Bacon did much towards introducing a more
scientific method into medicine and physiologj-. ' Bdt,

without discussing the general philosophical position or

historical importance of Bacon, it may safely be said that

his direct influence can be little traced in medical witinga

of the first half of the 17th century. Harvey, as is well

known, spoke slightingly of the great chancellor, and it is

not till the rapid development of physical science^in

England and Holland in the latter part of the century,

that we find Bacooiaa principles explicitly recognized

Tbs dominant factors in the 17th century m^i.cina were
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the (liscoves)- of the cii'c'ulatibii'by Harvey (published in

1C28), the mechanical philosophy of Descaites aud the

contemporary progress of physics, the teaching of Van

Helmout and the introduction of chemical explanations of

morbid processes, and finally, combined of all these, and

inspiring them, the rise of the spirit of inquiry and innova-

tion,- which may be called the scientific movement. Before

speaking in detail of these, we may note that by other

influences, quite independent of theories, important addi-

tions were made to practical medicine. The method of

clinical instruction in hospitals, commenced by the

Italians, was introduced into Holland, where it was greatly

developed, especially at Leyden, in the hands of the

celebrated Sylvius. It is noteworthy that concurrently with

the rise of clinical study the works of Hippocrates were

more and more valued, while Galen began to sink into the

background.

At the same time the discovery of new diseases, unknown
to the ancients, and the keener attention which the great

epidemics of plague caused to be paid to those already

known, fed to more minute .study of the natural history of

disease. The most important disease hitherto luidescribod

was rickets, first made known by Arnold de Boot, a Frisian

who practised in Ireland, in 1649, and afterwards more fully

in the celebrated work of Glisson in 1G51. The plague

was carefully studied by Diemerbroek (De Peste, 16i6)

and others. Hodges, of London, in 1665 seems to have

been the first who had the couruige to make a post-mortem

inspection of a plague patient. Bennet wrote an important

^vork on consumption in 1654. During the same period

many new remedies were introduced, the most important

being cinchona bark, brought to Spain in the year 1640.

The progress of pharmacy was shown by the publication

of Dispensatories or P/tnrmacnpceiie, such as that of the

Royal College of Physicians of London in 1618. This,

like the earlier German works of the same kind (on which

it was partly founded), contains both the traditional

(Galenical) and the modern or chemical remedies.

Vail Hehnont.—The medicine of the 17th century was

especially distinguished by the rise of systems ; and we
must first speak of an eccentric genius who endeavoured

to construct a system for himself, as original and opposed

to tradition as that of Paracelsus. Van Helmont (1578-

1644) was a man of noble family in Brussels, who, after

mastering all other branches of learning as then under-

.stood, devoted himself with enthusiasm to medicine and

chemistry. By education and position a little out of the

regular lines of the profession, he took up in medicine an

independent attitude. Well acquainted with the doctrines

of Galen, he rejected them as thoroughly as Paracelsus did,

and borrowed from the latter some definite ideas as well as

his revolutiouary spirit. The archeus of Paracelsus appears

again, but with still further complications,—the whole body
being controlled by the rnvheus influus, and the organ of

the soul and its various parts by the archei insili, which are

subject to the central archeus. Sfany of the symptoms
of diseases were caused by the passions and perturbations

of the archeus, and medicines acted by modifying the ideas

of the same archeus. These and other notions cannot be
liere stated at sufficient length to be intelligible. It is

enough to say that on this fantastic basis Helmont con-

.
structcd a medical system which had some practical merits,

that his therapeutical methods were mild and in many
respects happy, and that he did service by applying newer
chemical methods to the preparation of drugs. He thus
had some share, though a share not generally recognized,

in the foundation of the iatro-chemical school, now to be
spoken of. But his aVowed followers formed a small and
discredited sect, which, in England at least, can bo clearly

traced in the latter part of the century.

Discovery of the Circulation of the BlooJ.—The iuftuence

of Harvey's discovery began to be felt before the middle

of the century. Its merits were recognized by Descartes,

among the fir.st, nine years after its publication. For the

history of the discovery, and its consequences in anatomy

aud physiology, we must refer to the article Harvey. In

respect of practical medicine, much less effect was at first

noticeable. But this example, combined with the Cartesian

principles, set many active and ingenious spirits to work

tq reconstruct the whole of medicine on a physiological

or even a mechanical basis,—to endeavour to form what

we should now call physiological or scientific medicine.

The result of this was not to eliminate dogma from

medicine, though it weakened the authority of the old

dogma. The movement led rather to the formation of

schools or systems of thought, which under various

names lasted on into the 18th century, while the belief in

the utility or necessity of schools and systems lasted much
longer. The most important of these were the so-called

iatro-physical or mechanical and the iatro-chemical schools.

latro-Phi/sical School—The iatro-physical school of

medicine grew out of physiological theories. Its founder

is held to have been Borelli of Naples (1608-79), whsre

treatise De motii aniinalinm, published in 1680, is regarded

as marking an epoch in physiology. The tendency of the

school was to explain the actions and functions of the body

on physical and especially on mechanical principles. Th3
movements of bones and muscles were referred to the

theory of levers ; the process of digestion was regarded aa

essentially a process of trituration ; nutrition and secretion

were shown to be dependent upon the tension of the vessels,

and so forth. The developments of this school belong

rather to the history of physiology, where they appear,

seen in the light of modern science, as excellent though

premature endeavours in a scientific direction. But the

influence of these theories on practical medicine was not

great. The more judicious of the mechanical or physical

school refrained, as a judicious modern physiologist does,

from too immediate an application of their principles to

daily practice. Mechanical theories were introduced into

pathology, in explanation of the processes of fever and the

like, but had little or no influence on therapeutics. The
most important men in this school after Borelli were Steno

(1638-86), Baglivi (1673-1707), and Bellini (1643-1704).

An English physician. Cole (1660-1700), is also usually

ranked with them.- One of the most elaborate develop-

ments of the system was that of Pitcairn, a Scottish

physician who became professor at Leyden (1652-1713),

to be spoken of hereafter.

latro-Chemical School.— The so-called iatro-chemical

school stood in a much closer relation to practical medicine

than the iatro-physical. The principle which mainly distin-

guished it was not merely the use of chemical medicines in

addition to the traditional, or, as they were called in dis-

tinction, "Galenical" remedies, but a theory of pathologj-

or causation of disease entirely different from the prevailing

" humoral " pathology. Its chief aim was to reconcile the

uew views iu physiology and chemistry with practical

medicine. In some theoretical views, and in the use of

certain remedies, the school owed something to Van
Helmont aud Eiracelsus, but took in the main an independ-

ent position. The founder of the iatro-chemical school was

Francis de le Boe, called Sylvius (1014-72), belonging

to a French family settled in Holland. Sylvius was for

fourteen years professor of medicine at Leyden, where he

attracted students from all quarters of Europe. He made

a resolute attempt to reconstruct medicine on the two

bases of the doctrine of the circufation of the blood and

the new views of chemistry. Fermentation, which was

supposed to take place in the stomach, played an iuiportaat
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part in the vital processes. Chemical disturbances of these

processes, called acridities, &c., were the causa of fevers

and other diseases. Sornetimes acid sometimes alkaline

properties predominated in the juices and secretions of the

body, and produced corresponding disturbances. In nervous

diseases disturbances of the vital "spirits" were most

important. Still in some parts of his system Sylvius shows

an anxiety to base his pathology on anatomical changes.

The remedies he employed were partly Galenical, partly

chemical He was very moderate in the use of bleedingi

The doctrines of, Sylvius became widely spread in

Holland and Germany ; less so in -France and Italy. In

England they were not generally 'accepted, till adopted

with some modifications by Thomas Willis the great

anatomist (1623-75), who is the chief English representa-

tive of the chemical school. Willis was as thorough-going a

chemist as Sylvius, He regarded all bodies, organic and

inorganic, as composed of the three elements—spirit,

sulphur, and salt, the first being only found abundantly

in animal bodies. The "intestine movement of particles"

in every body, or fermentation, was the explanation of many
of the processes of life and disease. The sensible properties

and physical alterations of animal fluids and solids

depended upon different proportions, movements, and com-

binations of these particles. The elaborate work Pharma-

ceulice Ralionalis, based on these materials, had much
influence in its time, though it was soon forgotten. But
some parts of Willis's works, such as his descriptions of

nervous diseases, and his account (the earliest) of diabetes,

are classical contributions to scientific medicine. In the

application of chemistry to the examination of secretions

Willis made some important steps. The chemical school

met with violent opposition, partly from the adherents of

the ancient medicine, partly from the iatro-mechanical

school. Towards the end of the 17th century appeared an

English medical reformer who sided with none of these

Bchools, but may bo said in some respects to have sur-

passed and dispensed with them.

Sydenham and Zock-e.—Thomas Sydenham (1624-89)
was educated at Oxford and at Montpellier. He was well

acquainted with the works of the ancient physicians, and
probably fairly so with chemistry. Of his knowledge of

anatomy nothing definite can be said, as he seldom refers

to it. His main avowed principle was to do without
hypothesis, and study the actual diseases in an unbiassed
manner. As his model in medical methods, Sydenham
repeatedly and pointedly refers to Hippocrates, and he
has not unfairly been called tlio English Hippocrates.

He resembled hjs Greek master in tho high value ho set

on the study of the " natural history of disease "
; in the

importance ho attached to "epidemic constitution," that

is, to the influence of weather aud other natural causes in

modifying disease ; and further in his conception of tho

healing power of niiture in disease, a doctrine which
he even expanded beyond tho teaching of Hippocrates. I

According to Sydenham, a disease is nothing more than
an effort of nature to restore the health of the patient by
the elimination of tho morbific matter. The extent to

which his practice was influenced by this and other « priori

conceptions prevents us from classing Sydenham as a pure

empiric, but he had the rare merit of never permitting

himself to be enslaved even by his own theories. Still less

was his mind warped by either of the two great systems, tho

classical and tho chemical, which then divided tho medical

world. Sydenham's influence on European medicine was
very great. His principles were welcomed ns a return

to nature by those who were weary of theoretical disputes.

He introduced a milder and better way of treating fevers,

especially smnll-pox, and gave strong support to tho use

of specific medicines, e3pe::ially Peruvian bark. He was

an advocate of bleeding', and often carried it to excessj

Another important point in Sydenham's doctrine is his cleaf

recognition of many diseases as being what would be now(
called specijic, and not due merely to an alteration in the
primary qualities or humours of the older schools. From
this springs his high appreciation of specific medicines.
One name should always be mentioned along with

Sydenham—that of his friend John Locke. The great
sensational philosopher was a thorougjjly trained physi.
cian, and practised privately. He shared and defended
many of Sydenham's principles, and in the few medical
observations he has left shows himself to be even more
thorough-going than the "Euglish Hippocrates." It is

deeply to be regretted in the interests of medicine that he
did not write more. It is, however, reasonable to suppose
that his commanding intellect often makes itself felt in the
words of Sydenham. One sentence of Locke's in a letter

to W. Molynenx sums up the practical side of Sydenham's
teaching.

"You cannot imagiue how far a little observation carefully mad«
by a liiaa not tied up to the four humours [Galen], or sal, sulphur,
and mercury [Paracelsiu], or to acid and alcali [Sylvius and WiUis]
which has of late prevailed, will carry a man iii the curing of diseases
though very stubborn and dangerou-s ; aud that with very little and
common things, and almost no medicine at all."

We thus see that, while tho great anatomists, physicists,

and chemists, men of the type of Willis, Borelli, and Boyle,

were laying foundations which were later on built up into

the fabric of scientific medicine, little good was done by
the premature application of their half-understood prin-

ciples to practice. The reform of practical medicine was
effected by men who aimed at, and partly succeeded in,

rejecting all hypothesis and returning to tho unbiassed
study of natural processes, as shown in health and disease.

Sydenham showed that these processes might be profit-

ably studied and dealt with without explaining them ; and,

by turning men's minds away from explanations and fixing

them on facts, he enriched medicine with a viethod more
fruitful than any discoveries in detail. From this time

forth the reign of canonical authority in medicine was at

an end, though the dogmatic spirit long survived.

The \%th century.—The medicine of the 18th century

18 notable, like that of the latter part of tho Nth, for the

striving after complete theoretical systems. The influence

of the iatro-physical school was by no means exhausted
;

and in England, especially through the indirect influence of

Newton's great astronomical generalizations, it took on a

mathematical a.';i>ect, and is sometimes known as ietro-

matheraatical. This phase is most clearly developed in Pit-

cairn (1652-171.3), who, though a determined opponent of

metaphysical explanations, and of the chemical doctrines,

gave to his own rude mechanical explanations of life and
disease almost the dogmatic completeness of a theological

system. His countryman and pupil, George Cheyne, who
lived some 3-ears at Bath, published a new theory of fevers

on tlie mechanical sj-stem, which had a great reputation.

Their English contemporaries and successors, Freind, Cola,

and ilead, leaned also to mechanical explanations, but with'

a distrust of systematic theoretical completeness, which was
perhaps partly a national characteristic, partly the result

of tho teaching of Sydenham and Locke. Freind (1675-
1728) in his Emmenologia gave a mechanical explanation

of the phenomena of menstruation. He is also one of the

most distinguished writers on the history of medicine.

Colo (see above) published mechanical hypotheses concern-

ing tho causation of fevers which closely agree with those

of the Italian iatro-mechanical school. More distinguished

in his own day than any of these was Richard Mead
(1673-1754), one of tho most accomplished and socially

successful jihysiciiins of modern times. Mead was the

pupil of the equally popular and sncce.ssful John Radcliffa
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( 1 650-1 7 1 i), who had acquired from Sydenham a contempt
for book learning, and belonged to no school in medicine but
the school of common sense. Eadcliffe left, however, uo
work requiring mention in a history of medicine. Mead, a

man of great learning and intellectual 'activity, was au
ardent advocate of the mathematical doctrines. " It is

very evident," he says, " that all other means of improv-

iug medicine have been found iueflfectual, by the stand it

was at for two thousand years, ami that, since mathe-

maticians have set themselves to the study of it, men
already begin to talk so intelligibly and comprehensibly,

even about abstruse matters, that it is to be hoped that

mathematical learning will be the distinguishing mark
of a physician and a quack." His Mechanical Account

of Poisons, in the first edition (1702), gave an explanation

of the effects of poisons, as acting only on the blood.

Afterwards he modified his hypothesis, and referred the

disturbances produced to the " nervous liquor," which
he supposed to be a quantity of the " universal elastic

matter" diffused through the universe, by which Newton
explained the phenomena of light, i.e., what was afterwards

called the luminiferous ether. Mead's treatise on The Poicer

of the Sun and Moon over Human Bodies (1704), equally

inspired by Newton's discoveries, was a premature attempt

to assign the influence of atmospheric pressure and other

cosmical causes in producing disease. His works contain,

however, many original experiments, and excellent practical

observations. James Keill (1673-1719) applied Newtonian
and mechanical principles to the explanation of bodily

functions with still greater accuracy and completeness; but

his researches have more importance for physiology than

for practical medicine.

Boerhaave.—None of these men founded a school,—a re-

sult due in part to their intellectual character, in part to the

absence in England of medical schools equivalent in posi-

tion and importance to the universities of the Continent.

An important academical position was, on the other hand,

one of the reasons why a physician not very different in his

way of thinking from the English physicians of the age of

Queen Anne was able to take a far more predominant
position in the medical world. Hermann Boerhaave
(1668-1738) was emphatically a great teacher. He was for

many years professor or medicine at Leyden, where he lec-

tured five hours a day, and excelled in influence and reputa-

tion, not only his greatest forerunners, Montanus of Padua
and Sylvius of Leyden, but probably every subsequent
teacher. The hospital of Leyden, though with only twelve

beds avaUable for teaching, became the centre of medical

influence in Europe. Many of the leading English

physicians of the 18th century studied there ; Van Swieten,

a pupil of Boerhaave, transplanted the latter's method of

teaching to Vienna, and founded the noted Vienna school

of medicine. As the organizer, and almost the constructor,

of the modern method of clinical instruction, the services

of Boerhaave to the progress of medicine were immense,
and can hardly be overrated. In his teaching, as in his

practice, he avowedly followed the method of Hippocrates
and Sydenham, both of whom he enthusiastically admired.

In his medical doctrines he must be pronounced an
eclectic, though taking his stand mainly on the iatro-

mechanical school. The best known parts of Boerhaave's
eystera are his doctrines of inflammation, obstruction, and
*' plethora." By the last-named especially he was long
Temembered. His object was to make all the anatomical
and physiological acquisitions of his age, even microscop-
ical anatomy, which he diligently studied, available for

use in the^ practice of medicine. He thus differed from
Sydenham,' who took almost as little account of modern
science as of _ancient dogma. Boerhaave may be in some
respects compared to Galen, but again differed from him in

that he always abstained from attempting to reduce his

knowledge to a uniform and coherent system. Boerhaave

attached great importance to the study of the medical

classics, but rather treated them historically than quoted
them as canonical authorities. It almost follows from the

nature of the case that the great task of Boerhaave's life, a
synthesis of ancient and modern medicine, and the (^ork

I in which this is chiefly contained, his celebrated Institutions,

could not have any great permanent value. Nearly the

salne thing is true even of the Aphorisms, in which, foilow-

I

ing the example of Hippocrates, he endeavoured to sum
' up the results of his long experience.

I

Hoffmann and Slahl.—We have now to speak of twa
' writers in whom the systematic tendency of the 18th

I

century showed itself most completely.

, Friedrich Hoffmann (1660-1742), like Boerhaave, owed

I

his influence, and perhaps partly his intellectual charac-

I

teristics, to his academical position. He w'as in 1693

i
appointed the first professor of medicine in the university

of Halle, then just founded by the elector Frederick II [.

Here he became, as did his contemporary and rival Stahl,

a popular and influential teacher, Oiough their university

had not the European importance of Leyden. Hoffmann's

"system" was apparently intended to reconcile the oppos-

ing "spiritual" and "materialistic" views of nature, and
is thought to have been much influenced by the philorophy

of Leibnitz. His medical theories rest upon a complete

theory of the universe. Life depended upon a universally

diffused ether, which animals breathe in from the atmo-

sphere, and which is contained in all parts of the body. It

accumulates in the brain, and there generates the " nervous

fluid" or pneuma,— a theory closely resembling that of

Mead on the " nervous liquor," unless indeed Mead bor-

rowed it from Hofi"mann. On this system are explained all

the phenomena of life and disease. Health depends on the

maintenance of a proper "tone" in the body,—some diseases

being produced by excess of tone, or "spasm "
; otiiers by

" atony," or want of tone. But it is impossible here to

follow its further developments. Independently of his

system, which has long ceased to exert any influence, Hoff-

mann made some contributions to practical medicine ; and
his great knowledge of chemistry enabled him to investi-

gate the subject of mineral waters. He was equally skilful

in pharmacy, but lowered his position by the practice^

which would be unpardonable in a modern physician, of

traflicking in secret remedies. Some of these are even to

this day sold for the benefit of the orphanage at Halle.

George Ernest Stahl (1600-1734) was for more than

twenty years professor of medicine at Halle, and thus a
colleague of Hoffmann, whom he resembled in construct-

ing a complete theoretical system, though their system*

had I'ttle or nothing in common. Stahl's chief aim was to

oppose materialism. For mechanical conceptions he sub-

stituted the theory of "animism,"—attributing to the soul

the functions of ordinary animal life in man, while the

life of other creatures was left to mechanical laws. The
symptoms of disease were explained as efforts of the soul

to rid itself from morbid influences, the soul acting

reasonably with respect to the end of self-preservation. The
anima thus corresponds partly to the "nature" of Sydenham,
while in other respects it resembles the archeus of Van
Helmont. Animism in its completeness met with little

acceptance during the lifetime of its author, but influ-

enced some of the iatro- physical school. Stahl was the

author of the theory of " phlogiston " in chemistry, which

in its day had great importance.

Haller and Morgagni.—From the subtleties of rival

systems it is a satisfaction to turn to two movements in the

medicine of the 18th century which, though they did not

extinguish the spirit of system-making, opened up paths ot
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investigation by which the systems Were ultimately super-

seded. These are physiology in the modern sense, as dating

from Haller, and pathological anatomy, as dating from

ilorgagni.

Albrecht von Haller (1708-77) was a man of even more

encyclopaedic attainments than Boerhaave. He advanced

chemistry, botany, anatomy, as well as physiology, and
was incessantly occupied in endeavouring to ap[>ly his

scientific studies to practical medicine, thus continuing the

work of his great teacher Boerhaave. Bssides all this -he

was probably more profoundly acquainted with the litera-

ture and bibliography of medicine than any one before or

since. Haller occupied in the new university of Gottingen

(founded 1737) a position corresponding to that of

Boerhaave at Leyden, and in like manner influenced a very

large circle of pupils. The appreciation of his work in

physiology belongs to tlio history of that science; we are

only concerned here with its influence ou medicine.

Haller's definition of irritability as a property of muscular

tissue^ and its distinction from sensibility as a property of

nerves, struck at the root of the prevailing hypothesis respect-

ing animal activity. It was no longer necessary to suppose

that a half conscious "auima" was directing every move-

ment. Moreover, Haller's views did not rest on a prioi-i

speculation, but. on numerous experiments. He was among
the first to investigate the action of medicines on healthy

persons. Unfortunately the lesson which his contempor-

aries learnt was not the importance of experiment, but only

the need of contriving other "systems" less open to objec-

tion ; and thus the influence of Haller led directly to the

theoretical subtleties of CuUen and John Brown, and only

indirectly and later on to the general anatomy of Bichat.

The great name of Haller does not therefore occupy a very

prominent place in the history of practical medicine.

The work of Giovanni Battista Morgagni (1682-1771)
had and still preserves a permanent importance beyond that

«f all the contemporary theorists. In a series of letters De
sedibiLs et causii morborum per anatomeii indagatis, pub-
lished when he was in his eightieth year, he describes the
appearances met with at the post-mortem examination as

well as the symptoms.during life in a number of cases of

various diseases. It was not the first work of the kind.

Bonet had published his Sepulcrelum in 1679 ; and obser-

vations of post-mortem appearances had been made by
Montanus, Tulp, Vieussens, Valsalva, Lancisi, Haller, and
others. But never before was so large a collection of cases

brought together, described with such accuracy, or illustrated

with equal anatomical and medical knowledge. Morgagni's
work at once mada an epoch in the science. Morbid
anatomy now became a recognized branch of medical
research, and the movement was started which has lasted

till our own day.

The contribution of Morgagni to medical science must
be regarded as in some respects the counterpart of Syden-
ham's. The latter had, in neglecting anatomy, neglected

the most solid basis for studying the natural history of

disease ; though perhaps it was less from choice than be-

cause his practice, as he was not attached to a hospital,

gave him no opportunities. But it is on the combination
of the two methods, that of Sydenham and of Morgagni, that
modern medicine rests ; and it is through these that it has
been able to make steady progress in its own field, inde-
pendently of the advance of physiology or other sciences.

The method of Morgagni found many imitators, both in

his own country and in others. In England the first

important name in this field is at the same time that of the
first writer of a sj'.stematic work in any language on morbid
anatomy, Matthew Baillie (1761-1823), who published
his treatise in 1793.

CvlUn and Brouii.—It remains to speak of two system-

atic writers on medicine in the 18th century, whose great

reputation prevents them from beiug passed over, though

their real contribution to the progress of medicine was not

great—CuUen and Brown.
William CuUen (1712-90) was a most eminent and

popular professor of medicine at Edinburgh. The same

academical influences as surrounded the Dutch and

German founders of systems were doubtless partly concerned

in leading him to form the plan of a comprehensive system

of medicine. Cullen's system was largely based on the

new physiological doctrine of irritability, but is especially

noticeable for the importance attached to nervous action.

Thus even gout was regarded as a " neurosis." These

pathological principles of Cullen are contained in his First

Lines of the Practice of I'/it/sic, an extremely popular book,

often reprinted and translated. More importance is to be

attached to his Nosology or Classification of Diseases. The
attempt to classify diseases on a natural-history plan was

not new, having been commenced by Sauvages and others,

and is perhaps not a task of the highest importance.

Cullen drew out a classification of great and needless com-

plexity, the chief part of which is now forgotten, but

several of his main divisions are still preserved.

It is difficult to form a clear estimate of the importance

of the last systematizer of medicine, John Brown (1735-

88), for, though in England he has been but little

regarded, the wide though short-lived popularity of his

system on the Continent shows that it must have contained

some elements of brilliancy, if not originality. His theory

of medicine professed to explain the processes of life and
disease, and the methods of cure, upon one simple principle,

— that of the property of "excitability," in virtue of which

the "exciting powers," defined as being (1) external forces

and (2) the functions of the system itself, call forth the vital

phenomena "sense, motion, mental function, and passion."

All exciting powers are stimulant, the apparent debilitating

or sedative efl'ect of some being due to a deficiency in the

degree of stimulus; so that the final conclusion is that " the

whole phenomena of life, health as well as disease, consist

in stimulus and nothing else." Brown recognized some

diseases as sthenic, others as asthenic, the latter requiring

stimulating treatment, the former the reverse ; but his prac-

tical conclusion was that 97 per cent, of all diseases required

a " stimulating " treatment. In this he claimed to have

made the most salutary reform because all physicians from

Hippocrates had treated diseases by depletion and debili-

tating measures with the object of curing by elimination.

It would be unprofitable to attempt a complete analysis of

the Brunoniau system ; and it is diflicult now to understand

why it attracted so much attention in its day. To us at

the present time it seems merely a dialectical construction,

haviug its beginning and end in definitions, the words

'power, stimulus, ic, being used in such a way as not to

correspond to any precise physical conceptions, still less to

definite material objects or forces. One recommendation

of the system was that it favoured a. milder system of

treatment than was at that time in vogue ; Brown may be

said to have been the first advocate of the modern stimulant

or feeding treatment of fevers. He advocated the use of

"animal soups" or beef tea. Further he had the discern-

ment to see that certain .symptoms, such as convulsions and

delirium, which were then commonly held always to indi-

cate inflammation; were often really signs of weakness.

The fortunes of Brown's system (called, from having been

originally written in Latin, the Brunonian) form one of the

strangest chapters in the history of medicine. In Scotland,

Brown so far won the sympathy of the students that riotous

conflicts took place between his partisans and opponents.

In England hi? system took little root. In Italy, on the

other hand, it received enthusiastic support, and, naturally,
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a corresponding degree of opposition. The most important

adhereut to Brown's system was Rasori (1763-1837), who
taught it as professor at Pavia, but afterwards substituted

his own system of contra-stimulus. The theoretical differ-

ences between this and the "stimulus" theory need not be

expounded. The practical diflerence in the corresponding

treatment was very great, as Rasori advocated a copious use

of bleeding and of depressing remedies, such as antimony.

Joseph Frank, a German, professor at Pavia, afterwards

of Vienna, the author of an encyclopa;dic work on medicine

now forgotteuj embraced the Brunonian system, though

he afterwards introduced some modifications, and trans-

planted it to Vienna. Many names are quoted as partisans

or opponents of the Brunonian system in* Italy, but scarcely

one of them has any other claim to be remembered. In

Germany the new system called forth, a little later, no less

enthusiasm and coijtroversial heat. Girtanner first began

to spread the new ideas(though giving them out as his own),

but Weikard was the first avowed advocate of the system.

Roschlaub (1768-1835) modified Brown's system into the

theory of excitement {Erregtingdheorie), which for a time
was extremely popular in Germany. The enthusiasm of

the younger Brunonians in Germany was as great as in

Edinburgh or in Italy, and led to serious riots in the

university of Gbttingen. In America the system was
enthusiastically adopted by a noted physician, Benjamin
Rush, of Philadelphia, who was followed by a considerable

school. France was not more influenced by the new school

than England. In both countries the tendency towards
positive science and progress by objective investigation

was too marked for any theoretical system to have more
than a passing influence. In France, however, the

inflncnce of Brown's theories is very clearly seen in the

writings of Broussais, who, though not rightly classed with

the system-makers, since his conclusions were partly based

npon anatomical investigation, resembled them in his at-

tempt to nnite theory and practice in one comprehensive

synthesis. The explanation of the meteoric splendour of the

Brunonian system in other countries seems to be as follows.

In Italy the period of intellectnal decadence had set in,

and no serious scientific ardour remained to withstand the

novelties of abstract theory. In Germany the case was
somewhat different. Intellectual activity was not wanting,

but the great achievements of the 18th century in philo-

sophy and tho moral sciences had fostered a love of

abstract speculation; and some sort of cosmical or

general system was thought indispensable in every depart-

ment of special science. Hence another generation had to

pass away before Germany found herself on the level, in

Ecientific investigation, of France and England.

Before the theoretic tendency of the 18th century was
quite exhausted, it displayed itself in a system which,

though in some respects isolated in the history of medicine,

stands nearest to that of Brown,—th.it, namely, of Hahne-
mann (see Homceopathy). Hahnemann (1753-1844) was
in conception as revolutionary a reformer of medicine as

Paracelsus. He professed to base medicine entirely on a

knowledge of syniptoms, regarding all investigation of the

causes of symptoms as useless. While thus rejecting all

the lessons of morbid anatomy and pathology, he put for-

ward views respecting the causes of disease which hardly
bear to be seriously stated. All chronic maladies result

either from three diseases—psora (the itch), syphilis, or
sycosis (a skin disease), or else are maladies produced by
medicines. Seven-eighths of all chronic diseases are pro-

duced by itch driven inwards.! (It is fair to say that

' Tlie itch is really an affection produced by the presence in the
jlcin of a species of mite {Acurvs K"biei\ and when this is destroyed or
removed the disease is at an end.

these views were published in oba of Lis later works.) In

treatment of disease Hahnen^ann rejected entirely the

notion of a vis medicatrix naturx, and was guided by hia

well-known principle " similia similibus curantur," which
he explained as depending on the law that in order to get

rid of a disease some remedy must be given which should

substitute for the disease an action dynamically similar,

but weaker. The original malady being thus got rid of,

the vital force would easily be able to cope with and
extinguish the slighter disturbance caused by the remedy.
Something very similar was held by Brown, who taught

that " indirect debility " was to be cured by a lesser degree

of the same stimulus as had caused the original diiiturbance.

Generally, however, Hahnemann's views contradict those.of

. Brown, though moving somewhat in the same plane. In

order to select remedies- which should fulfil ihe indica-

tion of producing symptoms like those of tbe disease,

Hahnemann made many observations of the acticn of drugs
on healthy persons. He did not originate this line of

research, for it had been pursued if not originated by
Haller, and cultivated systematically by Tomntasini, an
Italian " contra-stimulist

;
" but he carried it out with

much elaboration. His results, nevertheless, were vitiated

by being obtained in the interest of a theory, and by
singular want of discrimination. Hahnemann's doctrines

met with much opposition on the part of the medical pro-

fession,.and he was hence led to state his case to the "lay"

I

public as a sort of court of appeal; and thu^i matters of

science were made the theme of much popular controversy.

This expedient, in which Hahnemann had betn in a small

I

degree anticipated by Brown, contributed largely to the

;
success of his system. The appeal flattered a pievaibnt

belief in the right of private judgement, even in technical

• and learned subjects. Hahnemann was thus able to take
i up the position (and not without justification) of a victim

of professional prejudice. The anomalous position into
' which professional scorn and extra-professional populaiity

1
brought him produced a distinct deterioration in the

i character of his work. In his second period he develojied

I
ihe extraordinary theory of "potentiality" or dynamiza-

' tion,—namely, that medicines gained in strength by being
diluted, if the dilution was acconijianied by shaking or

jiounding, which was supposed to " potentialize " or fn-

I crease the potency of the medicine. On this extraordi-

nary principle Hahnemann ordered his original tinctui'cs

to be reduced in strength to one-fiftieth ; these first dilu-

tions again to one-fiftieth ; and so on, even till the thirtielh

dilution, which he himself used by preference, and to

which he ascribed the highest " potentiality." It is hardly

necessary to point out that even the lower dilutions invobre

quantities which no analysis can weigh, measure, or even
recognize. The still greater eccentricities of Hahnemann's
later works need not be recounted. From a theoretical

point of view Hahnemann's is one of the abstract systems,

pretending to universality, which modern medicine neithor

accepts nor finds it worth while to controvert. In the

treatment of disease his practical innovations came at

a fortunate time, when the excesses of the depletory

1 system had only partially been superseded by the equally

I injurious opposite extreme of Brown's stimulant treatment.

I
Hahnemann's use of mild and often quite inert remedies

contrasted favourably with both of these. Further be
did'good by insisting upon simplicity in prescribing, when
it was the custom to give a number of drugs, often hetero-

geneous and iiiconsistent, in the same prescription. But
these indirect benefits were quite independent of the truth

or falsity of his theoretical system.

Positive Progress in the \^th Century.—In looking back
on the repeated attempts in the 18th century to constnict

a nniversfll system of medicine «• i» impossible not to
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regret the waste of brilliant gifts and profound acquire-

ments which they involved. It was fortunate, however,

that the accumulation of positive knowledge in medicine

did not cease. While Germany and Scotland, as the chief

homes of abstract speculation, gave birth to most of the

theories, progress in objective scfence was most marked in

other countries,—in Italy first, and afterwards in England

and France. We must retrace our steps a little to enumerate

several distinguished names which, from the nature of the

case, hardly admit of claBsification.

In Italy the tradition of the great anatomists and

physiologists of the 17th century produced a series of

ai;curate observers and practitioners. Among the first of

these were Antonio Maria Valsalva (1606-1723), still

better known as an anatomist ; Giovanni Maria Lancisi

(1654-1720), also an anatomist, the author of a classical

work on the diseases of the heart and aneurisms ; and Ip-

polito Francisco Albertini (1662-1738), whose researches

on the same class of diseases were no less important.

In France Jean Baptiste S^nac (1693-1770) wrote

nlso an important work en the affections of the heart.

Sauvages, otherwise F. B. de Lacroix (1706-67), gave

under the title Nosologia Methodica a natural-history

classification of diseases; Jean Astruc (1684-1766) con-

tributed to the knowledge of general diseases. But the

state of medicine in that country till tlie end of the 18th

century was unsatisfactory as compared with some other

parts of Europe.

In England the brilliancy of the early part of the

century in practical medicine was hardly maintained to

the end, and presented indeed a certain contrast with the

remarkable and unflagging progress of surgery in the same

period. The roll of the College of Physicians does not

furnish many distinguished names. Among these should

be mentioned John Fothergill (1712-80), who investi-

gated the " putrid sore throat " now called diphtheria, and

the form of neuralgia popularly known as tic douloureux.

A physician of Plymouth, John Huxham (1694-1768),

made researches on epidemic fevers, in the spirit of

Sydenham and Hippocrates, which are of the highest

importance. AVilliim Heberden (1710-1801), a London
physician, called by Samuel Johnson ultimui Romanornm,
" the last of our learned physicians," left a rich legacy of

practical observations in the Commentaries published after

his death. More important in their results than any of

these works were the discoveries of Edward Jenner
{q.v.), respecting the prevention of small-pox by vaccina-

tion, in which he superseded the partially useful but

dangerous practice of iuoculation, which had been intro-

duced into England in 1721. The history of this dis-

covery need not be told here, but it may be pointed out

tliat, apart from its practical importance, it has had great

influence on the scientific study of infectious diseases.

The name of John Pringle (1707-82) should also be
mentioned as one of the first to study epidemics of fevers

occurring in prisons and camps. His work entitled Obser-

vation! on the Diseases of an Army was translated into

many European languages, and became the "tandard

authority on the subject.

In Germany the only important school of practical

medicine was that of Vienna, as revived by Van Swieten

(1700-72), a pupil of Boerliaave, under the patronage

of Maria Theresa. Van Swicten'.s commentaries on the

aphorisms of Bocrhaave are thought more valuable than

ie original text. Other eminent names "of the same
school are Anton dc Haen (1704-76), Anton Stiirck

(1731-1803), Maximilian Stoll (1742-88), and John
Peter Frank (1745-1821), father of Joseph Frank before-

mentioned us an odherent of the Browiiian system, and

like his sou carried away fur a time by the new doctriucs.

This, the old " Vienna School," was not distinguished fo(

any notable discoveries, but for success in clinical teaching,

and for its sound method of studying the actual facta of

disease during life and after death, which largely contri-

buted to the establishment of the "positive medicine" of

the 19 th century.

One novelty, however, of the first importance is due to

a Vienna physician of the period, Leopold Aveubrugger

(1722-1809), .the inventor of the method of recognizing

diseases of the chest by percussion. Avenbrugger'.s

method was that of direct percussion with the tips of the

fingers, not that which is now used, of mediate percussion

with the intervention of a linger or plessimeter ; but the

results of his method were the same, and its value nearly

as great. Avenbrugger's great work, the Invc7itum Novum,
was published in 1761. The new practice was received at

first with contempt and even ridicule, and afterwafd's by
Stiill and Peter Frank with only grudging approval. It

did not receive due recognition till 1808, when Corvisart

translated the Invenltnn Novum into French, and Aven-

brugger's method rapidly attained a European reputation.

Surpassed, but not eclipsed, by the still more important

art of auscultation introduced by Laennec, it is hardly

too much to say that this simple and purely mechanical

invention has had more influence on the development of

modern medicine than all the " systems " evolved by tha

most brilliant intellects of the 18th century.

Early Part of the I'ith Century.—It is not possible to

carry the history of medicine, in a sketch such as this,

beyond the early years of the 19th century, both because

the mass of details becomes so large as to require more

minute treatment, and because it is difficult as we approacli

our own times to preserve the necessary historical per-

spective. It was, however, in this period that what we

regard as the modern school of medicine was formed, and

took the shape which it has preserved to our own days.

The characteristic of the modern school is the adoption in

medicine of the methods of research of physical science, and

the gradually declining importance attached to theory and

abstract reasoning,—hypotheses, though not neglected, being

used as means of research rather than as ultimate conclu-

sions. Its method may therefore bo called the positive

method, or that of rational empiricism. The growth of

the new school was first seen in two European countries,

in France and England, and must be separately followed

in the two. Germany entered the field later.

lUse of the Positive School in France.—The reform of

medicine in Franco must be dated from the great intel-

lectual awakening caused by the Revolution, but more

definitely starts with the researches in anatomy and

physiology of Mario Fran<;ois Xavier Bichat (1771-1802).

The importance in science of Bichat's classical works,

cspedially of the Anatomie generate, cannot be estimated

here ; we can only point out their value as supplying

a -jew basis for pathology or the science of disease.

Among the most ardent of his followers was Fran5ois

Joseph Victor Broussais (1772-1838), whose theoretical

views, partly founded on those of Brown and par(Jy on the

S3 called vitalist .school of Bordeu and Barthez, differed

from these essentially in being avowedly based on ana-

tomical observations. Broussais's chief aim was to find

an anatomical basis for all diseases, but he is especially

k-nos"^n for his attempt to explain all fevers as a cons'equence

of irritation or inflammation of the intestinal canal (gastro-

entcrite). A numb&r of other maladies, especially generf .

diseases and those commonly regarded as nervous, were

attributed to the same cause. It would be impossible now

to trace the steps which led to this wild and long since

exploded theory. It led, among other consequences, to an

enormous misuse of Mpediui;. Leeches were his favourite
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instruments, and so much so that lie is said to have used
100,000 iu his own hospital wards during one year. He
vras equalled if not surpassed in this excess by his

follower Bouillaud. known for liis important work on
heart diseases. Broussais's system, to which he gave the

name of " M(!decino Physiologique" did much indirect good,

in fixing attention upon morbid changes in the organs, and
thus led to the rise of the strongly opposed anatomical
and pathological school of Corvisart, Laeunec, and Bayle.

Jean Nicolas Corvisart (1755-1821) has already been

mentioned as the translator and introducer into France of

Avenbrugger's work on percussion. He introduced some
improvements in the method, but the only real advance
was the introduction of mediate percussion by Piorry in

1828. The discovery had, however, yet to be completed
by that of auscultation, or listeuing to sounds produced
in the chest by breathing, the movements of the heart, &c.

The combination of these methods constitutes what is now
known as physical diagnosis, Ren^ Tln5ophile Hyacinthe
Laennec (1781-1826) was the inventor of this most
important perhajjs of all methods of medical research.

Except for some trifling notices of sounds heard iu certain

diseases, this method was entirely new. It was definitely

expounded in an almost complete form in his work
De I'axiscultation viediate, published in 1819. Laennec
Attached undue importance to the use of the stethoscope,

and laid too much weight on specific signs of specific

diseases ; otherwise his method in its main features has

remained unchanged. The result of his discovery was an
entire rcTolution in the knowledge of diseases of the chest

;

but it would be a mistake to forget that an essential factor

in this revolution was the simultaneous study of the con-

-dition of the diseased organs as seen after death. Without
the latter, it is difficult to see how the information con-

veyed by sounds could ever have been verified. This
increase of knowledge is therefore due, not to auscultation

alone, but to auscultation combined with morbid anatomy.
In the case of Laennec himself this qualification takes

jiothing from his fame, for he studied so minutely the

relations of post-mortem appearances to symptoms during
life that, had he not discovered auscultation, his researches

in morbid anatomy would have made him famous. The
pathologico-anatomical method was also followed with
great ;;eal and success by Gaspard Laurent Bayle (1774-
1816), whose researches on tubercle, and the changes of

the lungs and other organs in consumption, are the founda-
tion of most that has been done since his time. It was of

course antecedent to the discovery of auscultation. Start-

ing from these men arose a school of physicians who
endeavoured to give to the study of symptoms the same
precision as belonged to anatomical observations, and
by the combination of both methods made a new era in

clinical medicine. Among these were Chomcl (1788-

1858), Louis (1787-1872), Cruveilhier (1791-1874), and
Andral (1797-1876). Louis, by his researches on pul-

monary consumption and typhoid fever, had the chief merit

-of refuting the doctrines of Broussais. In another respect

also he aided in establishing an exact science of medicine

by the introduction of the numerical or statistical method.

By this method only can the fallacies which are attendant

on drawing conclusions from isolated cases be avoided

;

and thus the chief objection which has been made to

regarding medicine as an inductive science has been

removed. Louis's method was improved and systematized

by Gavarret ; and its utility is now universally recognized.

Space does not permit us to trace further the history of

this brilliant period of French Liedicine, during which the

superiority of the school of Paris could hardly be contested.

We can only mention the names of Bretonneau (1771-

1862), Eostan (1790-1806), D'Alibert (1766-1837), Rayer

(1793-1867), ana Trousseau (1801-1866), the eloquent

and popular teacher.

English ^fedicine from 1600 to 1840.—The progress of

medicine in England during this period displays the same
characteristics as at other times, viz., a gradual and unin-

terrupted development, without startling changes such as

are caused by the sudden rise or fall of a new school.

Hardly any theoretical system is of English birth ; Erasmus

Darwin (1731-1802), the grandfather of the great Charles

Darwin, alone makes an exception. In his Zoonomia

(1794) he expounded a theory of life and disease which

had some resemblance to that of Brown, though arrived

at (he says) by a different chain of reasoning.

Darwin's work .shows, however, the tendency to connect

medicine with physical science, which was an immediate

consequence of the scientific discoveries of the end of the

18th century, when Priestley and Cavendish in England
exercised the same influence as Lavoisier in France. The'

English school of medicine was also profoundly stirred by
the teachings of the two brothers William and John
Hunter, especially the latter,—who must therefore be

briefly mentioned, though their ow n researches were chiefly

concerned with subjects lying a little outside the limits

of this sketch. "William Hunter (1718-1783) was known
in London as a brilliant teacher of anatomy and successful

obstetric physician ; his younger brother and pupil, John
Hunter (1728-1793), was also a teacher of anatomy, and
practised as a surgeon. His immense contributions to

anatomy and pathology cannot be estimated here, but
his services in stimulating research and training investi-

gators belong to the history of general medicine. They
are sufficiently evidenced by the fact that Jenner and
Baillie were his pupils.

The same scientific hent is seen in the greater attention

paid to morbid anatomy (which dates from Baillie), and
the more scientific method of studying diseases. An
instance of the latter is the work of Robert Willan

(1757-1812) on diseases of the skin,—a department of

medicine in which abstract and hypothetical views had
been especially injurious. Willan, by following the natural-

history method of Sydenham, at once put the study on a

sound basis ; and his work has been the starting point

of the most important modern researches. About the

same time William Charles Wells (1757-1817), a scientific

investigator of remarkable power, and the author of a cele-

brated essay on dew, published observations on alterations

in the urine, which, though little noticed at the time, were

of great value as assisting in the important discovery made
some years afterwards by Bright.

These observers, and others who cannot be mentioned
here, belong to the period when English medicine was still

little influenced by the French schooL Shortly after 1815,
however, when the Continent was again, open to English

travellers, many English doctors studied in Paris, and the

discoveries of their great French contemporaries began to

be known. The method of auscultation was soon intro-

duced into this country by pupils of Laennec. John
Forbes in 1824, and William Stokes of Dublin in 1825,

published treatises on the use of the stethoscope. Forbes
also translated the works of Laennec and Aveubrugger, and
an entire revolution was soon effected in the knowledge of

diseases of the chest. James Hope and Peter Mere Latham
further developed this subject, and the former was also

known for his researches in morbid anatomy. The com-
bination of clinical and anatomical research led, as in the

hands of the great French physicians, to important dis-

coveries by English investigators. The discovery by
Richard Bright (1789-1858) of the disease of the kidneys
known by his name, has proved to be one of the most
momentous of this century. It was published in Reports of
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Medical Caies, 1827-31. Thomas flddison takes, some- '

what later, a scarcely iuferior place. The remarkable

physiological discoveries of Bell and Marshall Hall for the

first time rendered possible the discrimination. of diseases

of the spinal cord. Several of these physicians were also

eminent for their clinical, teaching,—an art in which
Englishmen had up till then been greatly deficient.

Although many names of scarcely less note might be
mentioned among the Loudon physicians of the early part

of the century, we must pass them over to consider the

progress of medicine in Scotland and Ireland. In

Ediuburgli the admirable teaching of CuUen had raised

the medical faculty to a height of prosperity of which his

successor, James Gregory (1758-1821), was not unworthy.

His nepliew, William Pulteney Alison (1790-1859), was
pven more widely known. These great teachei-s maintained

in the northern university a continuous tradition of suc-

cessful teaching, which the difference in academical and
other circumstances rendered hardly possible in I/ondon.

j

Nor was the northern school wanting in special investi-

5',ators, such as John Abercrombie, known for his work on

diseases of the brain and spinal cord published in 1828,

itud many others. Turning to Ireland, it should be said

that the Dublin school in this period produced two
physicians of the highest distinction. Robert James

Graves (c. 1800-1853) was a most eminent clinical

teacher and observer, whose lectures are regarded as the

model of clinical teaching, and indeed served as such to

the most popular teacher of the Paris school in the middle

of this century. Trousseau. William Stokes (1804-1878)

was especially known for his works on diseases of the. chest

and of the heart, and for his clinical teaching.

German Medicine from 1800 to 1840.—Of tlie other

oouutries of Europe, it is now only necessary to mention

Germany. Here the chief home of positive medicine was

still for a long ^ time Vienna, where the " new Vienna

school " continued and surpassed the glory of the old.

Joseph Skoda (born 1805) extended, and in some respects

corrected, the art of auscultation as left by Laenuec. Karl

Rokitansky (1804-1878), by his colossal labours, placed the

science of morbid anatomy on a permanent basis, and.

enriched it by numerous discoveries of detail. Most of the

ardent cultivators of this science in Germany in the next

generation vrere his pupils. In the other Gorman schools,

though some great names might be found,^ as Romberg
(1795-1873), the founder of the modern era In the study

of nervous diseases, the general spirit was scholastic and

the result barren, till the teaching of one man, whom
the modern German physicians generally regard as the

regenerator of scientific medicine in their country, made
itself felt. Johann Lucas Schijnleiu (1793-18G4) was first

professor at Wiirzburg, afterwards at Zurich, and for

twenty years at Berlin (from 1839-1859). Schonleia'fc

positive contributions to medical science were iiot largc>

but lie made in 1839 one discovery, apparently small, bui
in reality most suggestive, namely, that tlie contagioua

disease of the head called favus is produced by the gro'v.ttJ

in the hair of a parasitic fungus. In this may "be

found the germ of the startling modern discoveries ir,

parasitic diseases. His systematic doctrines founded the'

so-called " natural history school
;

" but his real merit

was that of the founder or introducer of a method. In

the words of Haeser, "Schiinlein has the incontestable

merit of having been the first to establish in Germany the

exact method of the French and the English, and to

impregnate this method with the vivifying spirit of German
research." The name of Schoulein thus brings us to the

threshold of the modern German school of medicine,

—

the most scientific and exact in Europe, and in its spirit

strikingly in contrast with the theoretipal subtlety ot

German systematists in the last century.

LiUrature.—T'UK earliest woik of authority on the history of

medicine is that qf Daniel le Clerc {Histoire dc la Jlldeciae, Geneva,

.1696; Amsterdam, ITOi, 1723, &c.), which ends withOalen. Fi-cind'a

Histm^y of Fhysick (London, 172.')-'26, 2 vols. ) carries on the subject

from Galen to tlie lieginning of the 16th century.' The first com-

plete history is that of Kurt Sprengel ( FerJKcA einer pragmalischen

ffeschichle der Arzneikundi, Halle, 1792 ; 3d edition, Halle,

1821-2S, 5 vols.; also in French, Paris, 1815). Beside these may
be mentioned Hecker, Geschichlc der Heilkunde, Berlin, 1822, and
Gcsch. der neueren Heilkundc, Berlin, 1839 ;. Ch. Daremberg,

Histoire des sciences vxidicales, Paris, 1870, 2 vols. ; Edward Jleryon,

Bistory of Medicine, London, 1861 (left unfinished, vol. i. only

having appeared). The most recent and complete text-book is

Haeser's ie/irtifcA rfer Gcschichte der Medicin mid der Epidemischen

Krankhcilen t3d edition, Jena, 1875-79, 3 vols., in course of com-

•pletion), to which the preceding sketch is very largely indebted.

In special departments of the subject the authorities are the

following :—For classical medicine : Celsus, De Medicina ; Littr^,

(Eavres d'EippocriUe, Paris, 1839-61, 10 vols, (especially vol. i.);

Francis Adams, Genuine Works of IliirpocraUs trimstaled, uithaPre-

liminary Discourse, London .(Syd. Soc. ), 1 849, and Paulus jEgineta,

translated, xoith a Comme7itary, London (Syd. Soc), 1844 ; Darem-

berg, Za Mddceine dans Homire, Paris, 1865, and La Midecine enlre

Momir.e el Hippocratc, Paris, 1869 ; and 'W. A. Oreenhill's artiolea

" Galen," " Hippocrates," &e., in Smith's Classical Dictionary, 1844.

For Arabian medicine ; Wiistenfeld, OeschichledcrArabischcnAenle

und Kaiurforscher, Gbttingen, 1840; and Lucien Leclerc, '.Hisfoire

de la Midecine Arabe, Paris, 1876, 2 vols. For Salernitan medicine:

Colleclio SaUrnitana, edited by De Rcnzi, Daremberg, &c., Naples,

1852, 5 vols. ; Regimen Sanilatis, with introduction by Sir A.

Croke, Oxford, 1830 ; and Daremberg, L'tcole de Saleme, Paris,

1861. For medicine in England : John AiidD,Biop-aphical Memoirs

of Medicine in Great Britain, to the time of Harvey, Loudon, 1780;

Lives ofBritish Physicians, London, 1830 (chiefly by Dr Macmichael,

partly by Dr Bisset Hawkins and Dr H. H. Southcy) ; and JJunk,

Boll of the Royal College of Phymcians of London, 2d ed., 1878,

3 vols. For the modern schools; Hirschel, Gcschichte des Brotcn'-

schen Systems und der Erregungs Theorie, Leipsic, 1846 ; Bouchut,

Histoire de la Midfdne et des Doctrines Midicales, 2 vols., Paris,

1873 (comparison of ancient and modern schools); Buckle, History

of Civilization in England, 1858-61. W. F. J*J

MEDINA, or rather ElMedIna (the city), or MbdInat
RasiJl AllAh (the city of the apostle of God), a town

of the Hij.^z in Arabia, in 25° N. lat., 40 E. long.,^ the

refuge of Mohammed on his flight from Mecca, and a

renowned place of Moslem pilgrimage, consecrated by

the possession of his tomb. The name El-Med(na goes

back to the Koran (sitr. xxziii. 60); the old name was

Yathrib, the Lathrippa of Ptolemy and lathrippa of

Stephanus Byzantius.

. ' This can only be viewed as a very rough estimate. The road from

Yanbu on the Red Sea, which nms somewhat north Of east, is by
Burton's estimate 132 miles. From Medina to Mecca by the inland or

liiRh road heniakes 248 miles. The uau.il road near the coast by
RAbigh and Kholeys and tlience to W. Filinia cannot be very differ-

«nt in length. Caravans traverse It in abouUtea or eleven days.

Medina stands in a sort of basin ot the northern

extremity of an elevated plain, on the western skirt of the

mountain range which divides the Red Sea coast-lands

from the central plateau of Arabia. .,.
At an hour's distance

to the north it is dominated by Mount Ohod,'an outlying

spur cf the great mountains, which is now visited by the

pious as the scene of the welL-known battle (see

Mohammed), and the site of the tomb and mosque of the

Prophet's uncle Hamza. To the east the plain is bounded

by a long line of hills eight or ten hours distant, over

which the Nejd road runs. A number of torrent courses

(of which W. Kandt to the north, at the foot of Mount

Ohod, and W.* Akik, some miles to the south, are the most

important) descend from the mountains, forming consider-

able streams and pools after rain, .and converge in thfl

15—2<)
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ueighbourhood of the town to unite farther west at a place

tailed Zaghiiba, whence they descend to the sea through the
" mountaius of the Tihima "—the rough coautry between
Medina and its port of Yaubu—under thn name of

W. Idam. Southwards from Medina the plain extends

unbroken, but with a slight rise, as far as the eye can

reach. The conrergence of torrent courses in the neigh-

bourhood of Medina makes this one of the best-watered

spots in northern Arabia. The city lies close to one of the

great volcanic centres of the peninsula, which was in

violent eruption as late as 1266 a.d., when the lava stream

approached within an hour's distance of the walls, and
dammed np ^V. KanAt. The result of this and older pre-

historic eruptions has been to confine the underground
water, so important in Arabian tillage, which can be reached

at any point of the oasis by sinking deep wells. Many of

the wells are brackish, and the natural fertility of the

volcanic soil is in many places impaired by the salt with

which it is impregnated; but the date palm grows well

everywhere, and the groves, interspersed with gardens and
corn-fields, which surround the city on all sides except

the west, have been famous from the time of the Prophet.

Thus situated, Medina was originally a city of agriculturists,

not like Mecca a city of merchants ; nor, apart from the

indispensable trade in provisions, has it ever acquired

commercial importance like that which Mecca owes to the

pilgrimage.^ Landowners and cultivators are still a chief

element in the population of the city and suburbs. The
latter, who are called Nawakhila, and more or less openly

profess the Shfa opinions, form a sort of separate caste,

marrying only among themselves. The townsmen proper,

on the other hand, are a very motley race.- The
mechanical arts, which the true Arab despises, are chiefly

practised by foreigners. New settlers remain behind with

each pilgrimage ; and the many offices of profit connected

with the mosque, the stipends paid by the sultan to every

inhabitant, and the gains to be derived by pilgrim-viicerones

(Muzawwirs) or by those who make it a business to say

prayers at the Prophet's mosque for persons who send a

fee from a distance, as well as the alms which the citizens

are accustomed to collect when they go abroad, especially

in Turkey, keep up au idle population greatly in excess of

that which the district would naturally support in the

present defective state of agriculture. The population of

the city and suburbs may be from 16,000 to 20,000 souls.

The city proper is surrounded by a solid stone wall,'

with towers and four massive gateways of good architecture,

forming an irregular oval running to a kind of angle at the

north-west, where stands the castle, held by a Turkish

garrison. The houses are good stone buildings similar in

style to those of Mecca ; the streets are narrow but clean,

and in part paved.'' There is a copious supply of water

conducted from a tepid source at the village of Kubd,
2 miles south, and distributed in underground cisterns in

each quarter.^ The glory of Medina, and the only im-

' The pilgrimage to Medina, though highly meritorious, is not obli-

gatory, and it is not tied to a single season, so that there is no great

concourse at one time, and no fair like that of Mecca.
* A small number of families in Mecca still claim to represent the

ancient Ansar, the "defenders " of Mohammed. But in fact the old

papulation emigrated en masse after the sack of Medina by Muslim in

683, and passed into Spain in the armies of Musi. In the 13th centurj'

one old man of the Khazraj and one old woman of the Aus tribe were

all that remained of the old stock in Medina (Makkari, i. 187; Dozy,
ilus. d'Esjjagne, i. 111). The aristocratic family o^ the Beni Eo»«yn,
who claim descent from the martyr of Kerbela, and so from the

Prophet, have apparently a better established pedigree.
' According to Ibn Ehallikan (Slane's transl., iii. 927) the walls

ore of the 12th century, the work of Jamil el-Diu el-Ispahini.
* The Ealat or'great paved street of Medina, a very unusual feature

In an Eastern town, dates from tlie 1st century of Islam. See Wiigten-

feld's abstract of Samhiidi, p. 115.
' Kabi is famous as the place Where the prophet lived before he

portant building, is the mosque of the Prophet, in the

eastern part of the city, a spacious enclosed court betireen

400 and 500 feet in length from north to south, and two-

thirds as much in breadth. The minarets and the lofty

dome above the sacred graves are imposing features, but

the circuit is hemmed in by houses or narrow lanes, and is

not remarkable except for the principal •gate (Bdb el-SaUm>

at the southern end of the west front, facing the sacred

graves, whicli is richly inlaid with marbles and fine tiles,

and adorned with golden inscriptions. This gate lead?

into a deep portico, with ten rows of pillars, running along

the southern walk Near the further end of the portico,

but not adjoining the walls, is a sort of doorless house or

chamber hung with rich curtains, which is supposed to

contain the gravss of Mohammed, Abubekr, and "Omar.

To the north of this is a smaller chamber of the same kind,

draped in black, which is said to represent the house or

tomb of FAtima. Both are enclosed within an iron railing,

so closely interwoven with brass wire-work that a glimpse

of the so-called tombs can only be got through certain

apertures where intercessory prayer is addressed to the

prophet, and pious salutations are paid to the other saints.^

The portiso in front of the railing is not ineffective, at least

by night light. It is paved with marble, and in the eastern

part with mosaic, laid with rich carpets; the southern wall

is clothed with marble pierced with windows of good stained

glass, and the great railing has a striking aspect ; but an
air of tawdrinesB is imparted by the vulgar painting of the

columns, especially in the space between the tomb and the

pulpit, which has received, iu accordance with a tradition

of the Prophet, the name of the Garden (rauda), and is

decorated with barbaric attempts to carry out this idea in

colour.^ The throng of visitors passing along the south

wall from the Bib el-Saldm to salute the tombs is separated

from the Garden by a wooden partition about 8 feet high,

painted iu arabesques. The other three sides of the interior

court kive porticos of less depth and mean aspect, with

three or four rows of pillars. Withiu the court are the

well of the Prophet and some palm trees said to have been
planted by Fitima.

The original mosque was a low building of brick roofed

w;th palm branches, and much smaller than the present

structure. The wooden pulpit from which Mohammed
preached appears to have stood on the same place with

the present pulpit in the middle of the south portico.

The dwelling of the Prophet and the huts of his women
adjoined the mosque. Mohammed died in the hut of

'Aisha, and was buried where he died; Abubekr and
"Omar were afterwards buried beside him. Now in 711
A.D. the mosque, which had previously been enlarged by
'Omar and "Othnidn, was entirely reconstructed on a

grander scale and in Byzantine style by Greek and Coptic

artificers at the command of the caliph Walid and under the

direction of "Omar ibn 'Abd el- Aziz. The enlarged plan

included the huts above named, which were pulled down.

Thus the place of the Prophet's burial was brought within

the mosque ; but the recorded discontent of the city at

this step shows that the feeling which regards the tomb as

the great glory of the mosque, and the pilgrimage to it as

the most meritorious that can be undertaken except that

to Mecca, was still quite unknown. It is not even certain

entered Medina, and the site of the first mosque in which he prayed.

It lies amidst orchards in the richest part of the oasis

^ The space between the railing and the tomb is seldom entered

except by the servants of the mosque. It contains the treasures of

the mosque in jewels and plate, which were once very considerable bu'

have been repeatedly plundered, last of all by the Wahhabis iu tha

beginning of the present century.
^ The word ravda also means a mausoleum, and is applied by Ibn

Jubair to the tomb itself. Thus the tradition that the space between

the pulpit and tomb was called by the Prophet one of the gardens of

Paradise probably arose from a mistake.



MED MED 819

what was done at this time to mark off the graves. Ibn

Abd Rabbih, in the beginning of the 10th century ( Ikd,

Cairo ed., ill. 366), describes the enclosure as a hexagonal

wall, rising witliin three cubits of the ceiling of the portico,

clothed in marble for more than a man's height, and above

that height daubed with the unguent called khahik. This

may be supplemented from Istakhri, who calls it a lofty

house without a door. That there are no gravestones or

visible tombs within is certain from what is recorded of

occasions when the place was opened up for repairs. Ibn

Jubair (p. 193 sq.) and Samhiidf speak of a small casket

adorned with silver, fixed in the eastern wall, which was

supposed to be opposite the head of the Prophet, whil.e a

silver nail in the south wall indicated the point to which

the corpse faced, and from which the salutation of

worshippers was to be addressed (Burton misquotes).

The European fable of the coffin suspended by magnets

is totally unknown to Moslem tradition. The smaller

chamber of FAtima is pretty modern. In the time of Ibn

Jubair and of Ibn Batuta (unless the latter, as is so often

the case, is merely copying his predecessor) there was only

a small marble trough north of the rauda (or grave) which

"is said to be the house of Fatima or her grave, but God

only knows." It is more probable that FAtima was buried

in the Baljf , where her tomb was also shown in the 12th

century (Ibn Jubair, p. 198 sq.).

The mosque was again extended by El-Mahdf (781

A.D.), and was burned down in 1256. Of its appearance

before the fire we have two authentic accounts by Ibn

'Abd Rabbih early in the 10th century, and by Ibn Jubair,

who visited it in 1184. The old mosque had a much finer

and more regular appearance than the present one ; the

interior walls were richly adorned with marble and mosaic

arabe.sques of trees and the like, and the outer walls with

stone marquetry; the pillars of the south portico (seven-

teen in each row) were in white plaster with gilt capitals,

the other pillars were of marble. Ibn "Abd llabbih speaks
]

of eighteen gates, of which in Ibn Jubair's time, as at

present, all but four were walled up. There were then

three minarets. After the fire which took place just at

the time of the fall of the caliphate, the mosque long lay

in a miserable condition. Its repair was chiefly due to

the Egyptian sultans, especially to KAit Bey, whose

restoration after a second fire in 1481 amounted almost to

a complete reconstruction. Of the old building nothing

seems to have remained but some of the columns and part

of the walls ; and, as the minarets have also been rebuilt

and two new ones added, the architectural character is

now essentially Egjptian. The great dome above the

tomb, the railing round it, and the pulpit, all date from

KAit Bey's restoration.

The suburbs, which occupy as much space as the city

proper, and are partly walled in, lie south-west of the

town, from which they are sejiarated by an open space,

the halting-place, of caravans. Through the suburbs runs

the watercourse called W. ButliAn, a tributary of W.
KanAt, which the Yanbu road crosses by a stone bridge.

The suburbs are the quarter of the peasants. Thirty or

forty families with their cattle occupy a single courtyard

(h6sh), and form a kind of community often at feud with

its neighbours. The several clans of Medina must Lave

lived in much the same way at the time of the Prophet.

The famous cemetery called Bakf el-Gharkad, the resting-

place of a multitude of the " companions " of the Prophet,

lies immediately to the west of the city. It once con-

tained many monuments, the chief of which are described

by Ibn Jubair. Burckhardt in 1815 found it a mere

waste, but some of the mosques have since been rebuilt.

HUtorij,—The story of the Amnlckitcs in Yatlirib nml of their

conquest by the Hebrews in the time ol Moses is purely iabuloue,

see Noldeke, LVxr die Amalckilcr, 1864, p. 36. The oasis, when it

first comes into the light of history, wa3 held by Jews, among whom
emigrants from Yemen afterwards settled. From the time of tlie

flight of Mohammed (622 A. n.) rill the Oniayyads removed the seat

of empire from Medina to Damascus, the town springs into historic

prominence as the capital of the new power that so rapidly rhanged
the fate of the East. Its fall was not less rapid and complete, and since

the battle of Harra and the sack of the city in 6S3 it has never re-

gained politicsil importance. The history of Medina in this period

will be told in the articles Mohammed and Mohammedan Empike.
ilohammed invested tire country round ^ledina with an inviolable

character like that of the Haram round Mecca ; but this provision

has never been observed with strictness. After the fall of the

caliphs, who maintained a governor in Medina, the native emirs

enjoyed a fluctuating measure of independence, interrupted by the
aggressions of thesherifs of Mecca, or controlled by an intermittent

Egyptian protectorate. The Turks after the conquest of Egypt held

Medina for a time with a firmer hand ; but their nile grew weak,

and was almost nominal long before the Wahhabis took tne city in

1804. A Turko-Egyptiau force retook it in 1812, and the Turks
still maintain a pasha with a military establishment, while the cadi

and chief agha of the mosque (a eunuch) are sent from Constanti-

nople. But the internal government is largely in Arab hand.s, and
is said to be much better than that of Mecca.

Smrecs.—Medina has been rtcscribed froni pci"sonal observation by Bm-ckliartlt,

who visited it in 1S15, and Burton, wlio made the pilgiimage in ISoiJ. Sadlier on
his journey from ]>a{if to Yanbu' (IXIO) was not allowed to enter liie holy city.

Biu'ciiliardt was prevented by ill health from examining the city and country with
his usual thoroughness. Little is added to our infonnation by the rep'irt of WNI
el-Razzah, who jterformed t!ic pilprimacic in 1878, on a medical commission ffonr

the English Government. The chief Aivibic authority besides Ibn "Abd Rubbih
and Ihn Jubair is Sanihtidf, of whose history Wiistenfeld published an absnaet in

the Citittinpen Abhamlhtngtn, vol. Ix., IStiL It KOes down to the end of the lotli

century. The topopiaphy ol the country about Medina is inteiesting both hi.s-

torically and ceographieaJly ; Befcri, Vaku't, and other -Arabic geographers supply
much material dn this topic, but completer Ern'opean accounts are waiitinR to per-

mit of its full utilization. Sledina now offers a more promising, but also a more
perilous, field for an explorer th^ Mecca. (W. i',. S.)

MEDINA SIDONIA, a town of Spain, in the province

of Cadiz, and about 21 miles by road westward from that

city, stands at a height of 600 feet above the sea-level, on

an isolated hill surrounded by a cultivated plain. Apart

from its picturesque airy situation it has nothing to interest

the traveller ; the streets are narrow, steep, and dirty, and

its buildings and ruins are unimportant The occupations

of the inhabitants are connected chiefly with the agriculture

and cattle-breeding carried on in the surrounding district

;

bricks and pottery are also made to some extent. The
population in 1877 was 12,234.

JFedina Sidonia has been identified by some with the Asiao of

Pliny, but it is uncertain whether Jerez is not more probably the

locality referred to by that name. Under the Yisigoths the place

was erected into a bishopric (Assidonia), and attained some im-

portance ; in tho beginning of the 8th century it was taken by
Tarik. In the time of Edrisi the province of Shadi'tna or Sliidona

included, among other towns, SeWlJe and Carmona ; later Arab
geographers place Shaduna in the province of Seville. The town
gives its title to the ducal house of Guzman el Bueno, the hero of

Tarifa (1292).

JIEDITEREAJTEAN SEA. The southern shores of

Europe are separated from tho northern shores of Africa

by the Mediterranean Sea. It extends in a generally east

and west direction from longitude 5° 21' W. to 36° 10' E.

Its length from Gibraltar to its eastern extremity in Syria

is about 2100 miles. Its breadth is very various, being

400 miles from the mouth of the Rhone to the Algerian

coast, 500 miles from the Gulf of Sidra to the entrance

to the Adriatic, and 250 miles from the mouth of the

Nile to the south coast of Asia Minor. From the very

indented nature of its coasts, the general mass of the

water is much cut up into separate seas, which have

long borne distinctive names, as the Adriatic, the ./Egean,

the Sea of Marmora, tho Black Sea, <l'c. The area

of the whole system, including the Sea of Azoff,

is given by Admiral Smythe as 1,149,287 square

miles. If we deduct that of the. Black Sea and Sea of

Azoff, 172,506 square miles, we have for the area of

the Mediterranean proper 976,781, or, roughly speaking,

a million of squai-o miles.

The ^Mediterranean is sharply divided into two great

principal basins, the western and the eastern or Levant



820 MEDITERRANEAN
basin. The western possesses a comparatively smooth and
unindented coast-line. It is bounded on the south by the
coast of Africa and the north coast of Sicily, and it is

further enclosed by the coasts of Spain, France, and Italy,

which form a roughly arc-sha[)ed coast-line. There are

comparatively few small islands in this basin, though some
of the more important large ones occur in it. The eastern

basin is by far the larger of the two, and extends from
Cape Bon to the Syriau coast, including as important
branches the Adriatic and the JEgea,xi. The latter is con-

nected directly, through the Hellespont, the Sea of Marmora,
and the Bosphorus, with the Black Sea. The entrance to

the western basin and to the sea generally from the
ocean is through the Straits of Gibraltar in 3G° N. lat.

If this parallel be drawn out through the sea it will be
found that the western basin lies almost wholly to the

northward, and the main body of the eastern one to the
southward of it, the mean latitude of the western basin

being about 39° 30', and that of the eastern basin 35°.

They communicate with each other by the channels separ-

ating Sicily from Italy and from Africa. The former is

known as the Strait of Messina, and is of insignificant size,

the latter is a wide channel apparently without any distinc-

tive name, and generally shallow. The greatest depth on
the shallowest ridge reaching from the African to the
Sicilian coast is under 200 fathoms, and agrees very closely

with the corresponding depth at the entrance to the Straits

of Gibraltar.

Depth.—So far as is at present known, the maximum
depth is pretty nearly alike in the two basins, being 2040
fathoms in the western and 2150 fathoms in the eastern.

Many lines of soundings have been run in the Mediterranean
for telegraph purposes, and they afford a very good idea
of the general configuration of the bottom. Between
Marseilles and Algiers the depth ranges generally from
1200 to 1600 fathoms; between Naples and Sardinia
from 1500 to 2000 ; between Alexandria and Rhodes
from 1200 to 1600; and between Alexandria and Cyprus
from 900 to 1 100. The basin of the Mediterranean really

begins about 50 miles to the westward of Gibraltar. It is

here that the shallowest ridge stretches across from Africa
to Spain ; the maximum depth on it is probably not more
than 180, and certainly less than 200 fathoms. From
this ridge the bottom slopes quickly westward into the
depths of the Atlantic, and gently eastward into the
Mediterranean. The depth nowhere reaches 1000 fathoms
until beyond Alboran Island, 120 miles east of Gibraltar.

This is a small low island separated from the mainland on
all sides by water of more than 400 fathoms ; it must
therefore be considered an oceanic as distinguished from
a continental island.' Further to the north, and off the
coast of Valencia, we have the Balearic Islands.^namely,
Majorca, Minorca, Iviza, and Formentera. These also

must be considered oceanic islands, and indeed two
groups of oceanic islands. Iviza and Formentera are
isolated both from the Spanish coast and from the other
two islands by water of over 300 fathoms depth ; :Majorca
and Minorca are connected by a bank with no more than
50 fathoms of water on it. Thirty miles east of Jlinorca
there are more than 1400 fathoms ; beyond that there are
no soundings between the Baleares and the large and
important group of Corsica and Sardinia. These islands
are continental, being connected with the Italian main-
land by tho bank on which Elba occurs, and which is

covered by little over 50 fathoms of water. The Straits of
Bonifacio, which separate Corsica from Sardinia, are also
quite shallow, so that Corsica and Sardinia may be looked
on as a secondary peninsula attached to the Tuscan

• ' Coiiliueiital islands are tliose separated from the maiulaiid by
coDiparatiTely uliallow seas, geuerully uuder ICO fathoms.

shore of Italy by a shallow bank not more than 15 or 20
miles broad, tho deep water coming close up all round it.

Almost the same tnay be said of Sicily, including the Malta

group, but excluding the Lipari grouji, which is purely

vulcanic. From Cape Passaro, in the south-east end of

Sicily, a line can be drawn connecting it with the town of

Tripoli, and without passing over water of more than 300
fathoms. As has already been said, the west end of Sicily

is connected with the coast of Tunis by a ridge in no part

covered by more than 200 fathoms of w^ater. Between
these two ridges lies a small but comparatively deep basin

of 600 to 700 fathoms. At the western extremity of it

lies the mountainous island of Pantellaria. The bank on
which Malta is situated stretches for nearly 100 miles

in a southerly direction from Cape Passaro in Sicily.

Opposite, on the African shore, is a similar bank of much
larger dimensions, on which are the small islands Lampion
and Lampedusa belonging to Italy. In the deep channel

between them and Malta is the small but lofty island

Limosa. It is entirely volcanic, with an extinct crater on
its north-eastern side, and three smaller ones to the south-

ward. It resembles the Lipari group oft" the north coast

of Sicily, which rise aljruptly out of deep water, being

connected by no bank either with the African or the Sicilian

coasts. Some of the Lipari group are still active, Stromboli

and Vulcano being of the number. Off the south coast of

Sicily, and between it and the island of Pantellaria, occurs

the famous Graham's shoal, the remains of what was for a

few weeks an island.''*

The deepest water of the Mediterranean is found in its

widest part between Malta and Crete, and the deep water

comes close up to the Italian and Greek coasts, while on
the African shore the water shoals more gradually. In the

Strait of Messina, close to Reggio, there are depths of over

500 fathoms, and similar depths are found inside gulfs

such as those of Taranto (nearly 1000 fathoms), of

Corinth, Kalamata, and others. Also all through the

jEgean in its many bights and channels very deep water
is met n ith ; in the Sea of Marmora we have 500 fathoms,

and in the Black Sea over 1000 fathoms. All along the

south coast of Asia Minor the water is very deep, and the

large islands of Cyprus and Crete are both separated by
very deep water from the'mainland. If we take the eastern

basin, and run along its western and southern coasts from
the mouth of the Po along the shore of Italy, Sicily, and
Africa to the mouth of the Nile, and even further along

the Syrian shore, we do not find a single off-lying island

of any importance except the Malta group, while all along
the eastern and northern coasts from Trieste to Asia Minor
the coast is deeply indented, and the water broken up by
many large and important islands. These islands are

grouped along the west coast of Turkey and Greece, and
irregularly throughout the JEgean. The east coast of the

Adriatic is studded with islands and inlets, and rcsemble.s

in this respect the yEgean ; the west coast, on the other

hand, is low, and the water off it shallow, and there are

few harbours. The Adriatic stretches in a north-westerly

direction for about 460 miles from its entrance between

- Witli regard to its appearance and disappearance Admiral Sniythe
{Mediterranean, p. Ill) says :

— " It seems that, as early as the 28th
of June 1831, Captain Swinburne, in passing nearly over the spot,
felt several shocks of a sea-quake, proving that the cause was then in

operation; but on the 19th of the following July the crater had
accumulated to a few feet above the level of the sea, and was in

great activity, emitting vast volumes of steam, ashes, and scoria?.

From that time it gradually increased in all its dimensions till towards
the end of August its circumference was about 32J0 feet and its height
107 ; then from October various changes took place, and it entirely dis-
appeared in December." Since that time it has changed considerably.
In 1863 the least water on it was 15 feet. It has two heads close to-

gether, and at the distance of about 20 yards all round there are from
7 to 9 fathoms of water.
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ICape iita. Maria di Leuca and the island of Corfu to the

Venetian shore in the Gulf of Trieste. Its average width

is about 100 miles. A ridge with little over 400 fathoms

appears to run across its entrance. Inside this the water

reaches a depth of 765 fathoms, but shoals again rapidly

towards Pelagosa Island, from which to the northward,

including quite two-thirds of the sea, the depth is under

100 fathoms; indeed no part of the sea within 150 miles

of its northern extremity is over 50 fathoms deep. There

is authentic historical evidence of the encroachment of the

Italian shores on the Adriatic, causing thereby a diminution

of its area. As a consequence many towns which were

once thriving seaports are now many miles inland ; thus

Adria, which was a station of the Roman fleet, is now 15

miles inland, and there are many similar examples. The
large rivers Po and Adige, which bring the drainage of the

southern slopes of the Alps to the sea, deliver large

quantities of sediment in the course of the year. The dis-

tribution of this mud is affected, not only by its own weight

tending to make it sink to the bottom, but also by the set

of- the currents, which, running up the eastern coast, turn

to the westward and southward at the upper end of the

sea, and so tend to distribute the river mud along the

bottom in the neighbourhood of the Italian coasts. The
fact that towns which were formerly seaports are now
inland does not therefore necessitate the assumption of a

general rise of the land, it is merely a reclamation by
natural agencies of land from the sea at the expense of

the inland mountainous country. Precisely similar pheno-

mena are observed in the neighbourhood of the mouths of

the Rlione and of the Nile.

Specific Graviti/, Currents, <i-c.—On the specific gravity

Dr Carpenter reports many and interesting observations.

In round numbers, that of the surface-water of the Atlantic

off the Straits of Gibraltar is 10260 to 1 0270, that of the

western basin of the Mediterranean 1'0280 to 1-0290, and
that of the eastern basin 1 '0290 to 1 -0300, while that of the

Black Sea is 10 120 to 10140. It will thus be seen that

the water of the Mediterranean proper is very much Salter

than either the Atlantic on the west or the Black Sea on
the east, and this great density of the water affords a use-

ful means of recognizing it when investigating the inter-

change of waters which takes place at the two extremities

of the sea. Both the temperature and the specific gravity

of the water are evidences of the local climate. The great

concentration of the water shows how dry the atmosphere
at the surface must be, and how insignificant the contribu-

tions of fresh water. With regard to the balance existing

between the two factors, evaporation and precipitation, it

would be impossible to give figures with any claim to

accuracy, but a rough estimate may bo formed by faking

such data as Fischer has given. He puts the rainfall over

the whole Mediterranean drainage area at 759'4 milli-

metres, or almost exactly 30 inches. If we remember tirat

the average rainfall of the eastern slopes of Great Britain

is less than 30 inches, and that therefore this may be taken
ae the maximum yearly supply to the North Sea, we may be
sure that the Mediterranean does not receive more than 30
inches of fresh water in the year. With regard to the rate

of evaporation over the area of the Mediterranean there is

but very meagre information, but wherever it has been
observed it has been found to exceed the rainfall, even as

much as three times. Thus at Madrid it is 65 inches, or

more than four times the rainfall, at Rome 105 inches, and
at Cairo 92 inches. It may therefore without exaggeration

be assumed that the evaporation is at least twice as great

as the precipitation. Putting the latter at 30 inches, we
should have 60 inches for the yearly evaporation, and a

balance of 30 inches evaporation over precipitation. Were
there do provision for making good this deficiency, the

level of the Mediterranean would sink until it.s surface

was so far contracted as to lose no more by evaporation

than would be sujiplied by rain. This condition would
probably not be fulfilled before all the j^igean aud Adriatic

and the whole of the western basin west of the island of

Sardinia were laid drj-, and what is now the Mediterranean

would he reduced to two " Dead Seas," one between
Sardinia and Naples and the other between Africa and
the mouth of the Adriatic. That the level aud the

salinity of the Mediterranean remain constant is due to

the supply of water which enters at the Straits of Gibraltar.

The currents in this passage have frequently engaged

attention both from their scientific and their nautical

interest. The most detailed investigation was that carried

out by Captain Nares and Dr Carpenter in H.M.S.
" Shearwater " in the year 1871. ^ From these- investiga-

tions it appears that there are usually two currents in the

Straits at the same time, one superposed on the other.

Both are affected by tidal influence, but, after allowing for it,

there is still a balance of inflow in the upper and of outflow

in the under current. The waters of the two currents are

sharply distinguished from each other by their salinity.

Further, the upper current appears to affect by preference

the middle of the channel and the African coast, while the

under current appears to crop out at the surface on the

Spanish coast. This distribution, however, is much
modified by the state of the tide, and it must be

remembered that in such' places the surface separating the

upper and under currents is rarely, if ever, a horizontal

plane. That there is a balance of outflow over inflow at

the bottom was well shown by the result of soundings as

much as 200 miles north-west of the entrance of the Straits,

where, in a depth of 1560 fathoms, water of decided

Mediterranean origin was got from the bottom. There can

be no doubt that this outflow of warm and dense Mediter-

ranean water is largely instrumental in causing the com-

paratively very high bottom temperature in the eastern

basin of the North Atlantic.

We have assumed that the balance of wafer removed

by evaporation is 30 inches, or 2'5 feet. If we take the

area of the Mediterranean to be 1,000,000 square miles,

we have the volume of water removed

—

v = 2-5 X 36 X 10'== 90 x lO^^ cubic feet.

This quantity of water has to be supplied from tlio

Atlantic without raising the total quantity of salt in the

sea. We have seen that the only provision tfor the

removal of the surplus salt is the outward under current

in the Straits. Hence the inward upper current must be

sufficient to replace the water lost both by evaporation

and by the outflow of the under current. We may take

the Atlantic water to contain 3 '6 per cent, and the

Mediterranean to contain 3 9 per cent, of salt. In order

that the under current may remove exactly as much salt

as is brought in by the ui>per one, their volumes must be

in the inverse ratio of their saline contents, or the volume

of the upper current must be to that of the under one in

the ratio 39 : 36 or 1000: 923; so that only 77 per cent,

of the inflow goes to replace the water removed l)y evapora-

tion, while the remaining 92'3 per cent, replaces the water

of the under current- We have then for the total volume

of the inward current per annum

V-i^D-ll"OxlO" cubic feet.

The width of the Straits from Tarifa to Point Cires is 8

miles, or 48,000 feet, and the average depth of the stream

may fairly be taken os 100 fathoms; hence the sectional

area is in round numbers 29,000,000 square feet.

ifroc. Hoy. Sot. (1872), xx. 97, iU,
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Dividing the volume by the area we nave for the mean

annual flow

„ 1170x10"
29 X lO"

= 40xlO«feet

RBdncing this to miles per aay, we find that if the above

diita are correct the inflowing current at the Straits of

Gibraltar ought to be equivalent to a current 8 miles wide,

100 fathoms deep, and running with the uniform velocity

of 18'3 miles in twenty-four hours. As the currents are

reversed with the tides this is the balance of inflow over

outHow in the upper current. It is wortliy of remark that

the flood tide runs to the westward at tlie surface and the

ebb to the eastward. The following table of tides at places

inside and outside the Straits will show that the mere

differences of level due to the different tidal ranges at

adjacent localities are suflacient to cause strong local

currents.

Flaccs.
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we ure ilol iiiformcJ wlietlier tho self-registering instruments used

were protected from pressure or not. Jlr Prestwicb.' however, who
luis collected and critically discussed all the older deep-sea tempera-

ture ubservatious, concludes, from a comparison of their results with

those obtained by Aiine with protected instruments, tlnit they were

^o protected, and admits theii- results into his tables witliout

correction. In the deep water to the norlliward of the Balearic

Islands D'Urvills found in April 1S28 54°'5 F. in i70 fatlioms, oiid

io March 1629 Si"? at the same depth, and the same temperature
(54°'7) in 530 fathoms. Berard, expeiimciitinf; in tlie sea between
tlie Brtleaiic Islands and 'Vlgeria, found the tenjperature of tli« deep
water nearly a dcijree liiyher, namely 55°'J F., in dejiths of 500 to

1000 fathoms. Aime- 'relates his own careful experiments on tlie

temperature of both suiface and deeper water in the neiglibourhooil

of Algieis, and discusses them in connexion with those of other

ob.servci's ;\vith very great ability. Ho concludes from his own
observations and those of Berard that the ujiilbrni tempcrattue at

jrreat depths is 54^'SG F. From a consideration of tlie general

climate of tlie Slediterrauean, he comes to the conclusion that the

temperature in the deeper" Inj'ers of the son ought to be lower than

the annual mean of the surface, and that it ought to bo not very

different from the mean surface tenineralure in the winter months.

From observations at Toulon and Algieis, he finds that at neither

place does the surface temperature fall belo^v 50° F., and that the

nienn surface temperatures iu tlie months iJeoember, January,

February, ilarch, aud April is at Toulon 53°'0ti F. and at Algiers
56' "84 F. The mean of these two temperatures is 54°"9 F., which is

almost exactly what he finds to be the mean annual temperature of

the deepest «ater of the western basin. During the forty years which
have elapsed since Aime made his experiments and speculations,

fiuther observations have only tended to confirm his theory. It is

true that the temperatures observed in the many soundings which

have been made of late years have not shown absolute identity of

temperature, and it is probable that the greater the refinement in

the instruments used the more decided will the local difiercnces

appear. Especially it will be apparent that the bottom temperature

vaiies with the climate of the preceding v/inter, and the distribution

of temperature varies much with the prevalence of the winds. >At

the few stations where the temperature of the sea-water and that

of the air are regularly examined, it appears that the water is

generally for the greater port of the year warmer than the air, and

ill winter considerably so. The existing observations, however, are

too few to justify any very definite statement on the subject. At
Palermo the sea is warmer than the air throughout the whole

year with the exception of the months May and June. In Algiers

Aime fouud but little difference ; in autumn and winter the water

was slightly warmer, in spring and summer slightly colder, than

tfie air. In the eastern badu wo have first Admiral Spratt's ob-

servations in July 1815 in iEgina Gulf. In all his experiments

niado previous to the year 1S60 he determined the temperature of

the bottom water by taking tliat of the mud brought up in the

dredge. This is a very excellent method; in fact it is probably the

best of all methods if a snfBcient quantity of mud be obtained.

From 1S60 he used self-registering unprotected thermometers, which
gave results necessarily too high, and it is impossible to apply any

reliable correction to them witliout expeiimcntally determining it

ou ench thermometer which "was used. By the first method
Admiral Spratt found 55°"a F. at depths between 100 and 200

fathoms.

From these observations it seemed reasonable to conclude, as

Aime had done, that all over the Mediterrniiean a practically uni-

form temjKjrature is found at all depths gieatcr than 100 or 200

fathoms, and that tlii* temperature is 54" to 6G" F. In order

thoroughly to investigate this ituitter, as well n.s the biological con-

ditions of the deep water of the Mediteri-aiicaii, H.M.S. " Porcupine,"

Captain Calver, with Messrs Carpenter and Gwyn Jeffreys, visited

the western basin of the MciliteiTaneau in the autumn of 1870. A
large number of tenniorature observations were made in the western

lioiiin near its southern coasts, and one sounding with tctuperature

observation in the e.istern basin a short distance from the Sicilian

coast, the result of which was to tonfinn the conclusion arrived at

frem earlier obserratious, that, however liigh the temperature of the

surface may be (aud it may leach 90° F. ), the water becomes rapidly

cooler as wc go below the surface until wo reach a depth of about

100 fathoms, where a temperature of 54° to 50° F. is found, and

persists without sensible variation to the greatest dejjths. The
Hverage of nil the bottom tempenitnrcs in the western basin w.i3

64°"88 F. Three soundings were made in the intermediate basin to

the eastward of Panttllaria in depths of 208, 390, and 445 f.ithoms,

and in ench caso the bottom tem[>eraturB was found to bo 56°"5 F.,

or about a degree and a half w"uinier than in the deeper western

basin. This is precisely what might have been expected from what

we know of inland seas divided into several basuis. In summer
the shallower basin has usuolly a higher tempcratnre at the bottom

' Phil. Tmns.. 1875, part ii. p. COl.
= Attn. Chcm. d P'l^s., lUi, x\i. p. 6.

than. is found at the same depth in the deeper one." Only ono

observation was made iu the eastern basin, namely off Cape Passaio,

in 1743 fathoms, with a bottom temperature of 56°"0 F. That th^

tenijjerature in this basin should be lower than in the Pautellaik

basin is due to its greater depth, and tliat it should be higher than

is found iu the wesleiu bjsiu is due to its lower latitude. These

researches were further jirosecuted in the autumn of 1871 in the

"Shearwater." Captain Kaivs, accompanied by Dr Carpenter. At

two stations in the eastern basin " serial temperatures " were taken.

At the first, 35°5J'X. Int., 16° 23' E. long., depth 1650 fathoms, the

bottom temperature was 56°, or the same a.s had been observed the

year before iu 1743 fatlioms ; at the second, 32° 17^' N. lat., 26° 44'

E. long., depth 1970 fathoms, the bottom temperature was 56°"7,

and the temperature at all iiiteiiiKiliate depths was much higher

than at the first station. The mean temperature of the water from

the surface to a depth of 200 fathoms was, at the Urat stiitiou, 63° "75

F., aud t the second 66°"78 F., or three degrees higher. At the

first station all the temperatures down to 100 fathoms are higher

than were observed iu 1870 in the western basin, but it must be

remembered that tempeiature observations made in dillei-ent yean

canuot with justice be closely conniared, as the climates of the two

years are sure to dill'er cousiderably, and in the present case the

ditfereiice in climate between tlie summers of 1870 and 1871 appeara

to have been very considerable.

Iu the autuuiii of 1881 a very interesting series of observationa

were made by Captain Magnaghi, hydrogiapher of the Italian

navv, and Professor Giglioli, on board"the Italian surveying ship
" \Vasliiugton," in that part of the westeru basin which is enclosed

between the isUnds Corsica aud Sardinia on- the ono side and

the Italian coasts on the other. It is here that the deepest water

of the western basin was found ; and, apart from the great interest

attaching to the physical results obtained, the collections made

with the dredge iu the comparatively lifeless waters were of the very

highest importance, showing, as they did, a practical identity in

the abyssal fauna with that of the open ocean. This is the more

remarltable as we have hitherto been accustomed to consider the

similarity in tlie fauna of portions- of the ocean remotely distant

from each other as being due to the likeness of their temperature!

In the Mediterranean, however, the bottom temperature is qiiite 20'

F. higher than is found in great depths anywhere' in the open

ocean.

For determining the temperature of the deep water Captam

Magnaghi used the half-turn rcvei-sing thermometer of Negretti

aud Zambra, which in itself is a very beautiful instrument. The'

mechanical auangement, however, for reversing, even as improved

by Magnaghi, was not so satisfactory, and from certain irregularities

in the temperature obseivations reported the writer is inclined to

think that some of the remarkable results obtained, for instance

on the 11th August, are due to this instrumental imperfection.

On that day the water at 70 metres was fomid to have a temperature

of 25°"1 C, while that at 60 metres was 20°"1 C, and that at 90

metres was 16° '7 C. The results obtained in the deep water are no

doubt quite reliable, for the temperature is so uniform that a few

fathoms more or less in the depth at which it turned would make

no difference in the temperature registered. In the more northern

parts of this portion of the western basin, off the coast of Corsica,

we find a practically uniform temperature from 250 metres down to

the bottom iu 2800 metres, the meiu bottom temperature beiu"

65° "96 F. Further to the south the temperature of the abyssal

water appears to be distinctly higher. Thus between the south

end of Sardinia and the Bay of Naples, iu the deepest water, the

practical uniformity of temperature is not reached until a depth

of 1000 metres has been passed, and it is there ee""? F. It is un-

fortunate that wc do not know what the bottom temperature lu

other parts of the Mediterranean was. In this summer of 1881

it was quite one degree higher than that observed by Dr Cari>enter

in 1870.
, ,. r X

The great value of such a volume of water as an onuaUzerof tem-

perature on its shores must be apparent, though in tliis respect it is

inferior to the Athintic Ocean in its immediate neighbourhood.

Places on the west coast of Spain and Portugal have a iftuch highei

winter tcm|icrature and lower summer temperature than places

in the same latitude in Italy. Tlie reason of this is simple: ou the

Atlantio coast the principal winds in winter are from the southwest,

and have a warming effect, while in summer the source of the north-

cast trade wind is pushed back into the Bay of Biscay, causing in this

season consUnt northerly winds along the const of Portugal. The

winds of the Mediterranean have no seas of remnle latitudes to

draw on citlier for heating or cooling purposes, though the sandy

deserts of Africa which bomid its southern coasts have at certain

seasons a very deciiled influence op the climate. The tempering

action of the sea does not oxteuil vcr>' far inland, as is evident

from the cliniate of inland towns in Italy. As the ModitciTauean

shores have so much imimrtaiice as health-resorts, the data pre-

cented in the following table are of interest. Thej are taken chiefly

from Theobald Fischer's Stiulim ilber das Klima der UiUelmttr-

imula:
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Table of mean January temperature (J. ), of mean temperature of

three vrintcr months, December, January, and February (\V. ),

also Kain/all (R. ) in the same three months, for places on the

ileditenanlean, with those for some others for comparison.

BUbno
Opoito
Usbon
Tarlfa
Gibraltar....

Malaga
Valencia
Mahon
Barcelona...
.Montpelller.,

Marseiltes....

Nice
Mentone
San Remo...
Genoa
Turin
Milan
Venice
Florence
Rome
Naples
Catania
Palermo
Malta

J.

•F.
46-4

40-6

60-54

62P8
540
54
50-72
51-62
48-02

4203
43-52
46-94
48-2

47-48
46-4
32-0
32-9

36-86
41-54
45-7

48-2

51-62
51-62
04-.5

w.
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and forged signatures of the more popular De Hooch,

Metzu, Terborch, and even of Rembrandt. The honour of

first recalling the attention of the art-world to this most

original painter belongs undoubtedly to Thord, an exiled

Frenchman, who described his then known works in his

Musees de la HolUmde (1858-60), published under the

assumed name of W. Biirger. The result of his researches,

continued in his Galerie Snermoiull and Galerie d'Aren-

btig, was afterwards given by him in a charming, though

incomplete, monograph (Gazette des Beaux-Arts, 1866,

pp. 297, 458, 542). The task has since been prosecuted

with success by Havnrd {Les Artistes lloUandais), and

by Obreen (Nederlandsche Kunstgeschiedenis, Ul. iv.),

and we are now in a position to refer to^Van der lleer's

works. Uis pictures are rarely dated, but, luckily for u.s,

one of the most important bears the date 165G, and thus

gives us a key to his styles. The picture referred to is the

only one that has figures of life size. It is the Woman
and Soldier, with other two figures, of the Dresden gallery,

and is painted with remarkable power and boldness,

great command over the resources of colour, and with

wonderful expression of life. For strength and colour

it more than holds its own beside the neighbouring

Reinbrandts. To this early period of his career belong,

from internal evidence, the Reading Girl of the same

gallery, the luminous and masteily view of Delft

in the museum of the Hague, La Laitifere and the

small street view, both in the collection of M. Six van

Hillegom at Amsterdam, Le Soldat et la Fillette qui Rit

of M. Double, the Country House in the gallery at Berlin,

and others. In all these we find the same brilliant style

and vigorous work, a solid impasto and a crisp spark-

ling touch. His first manner seems to have been

influenced by the pleiad of painters circling round

Rembrandt, a. school which we knovv lost favour in

Holland in the last quarter of the century. During the

last teu or twelve ysars of his life Van der Meer adopted

a second manner. We now find his painting smooth

and thin, and his colours paler and softer. Instead of

masculine vigour we have refined delicacy and subtlety,

but in both styles beauty of tone and perfect harmony are

conspicuous. Through all his work may be traced his

love of lemon-yellow and of blue of all shades. Of his

second style typical examples are to be seen in La
Coquette of the Brunswick gallery, in the Woman Reading

in the Van der Hoop collection at the Hague, in the Lady

at a Casement belonging to Lord Powerscourt (exhibited

at Burlington House, 1878), and in the Music Master and

Pupil belonging to the Queen (exhibited at Burlington

House, 1876).

Van der Jlccr'a works are extremely rare. There is but one in

the Louvre, the Lace JIaker; Dresden has the two nbove-meu-
tioned, while Bei liii has tliree, nil acquired in the Suermondt collec-

tion, and the Czornin gallery of Vienna is fortunate in possessing a

fine picture, believed to represent the artist in his studio. In the

Areoberg gallery at Brussels there is a remarkable head of a girl,

half the size of life, which seems to be intermediate between his

two stylos. Several of Iiis paintings are to bo found in private

foreign collections. In all his work thoro is a singular completeness

and charm. In rendering monicritiiry expression he is a master, and
his pictures attract by the perfect delineation of character as well as

by the technical skill of the painter. His tone is usually silvery

with pearly shadows, and the lighting of his interiors is equal and
natural. In all cases his figures seem to move in light and air, and
in this respect he resembles greatly liis fellow-worker De Hooch, who
entered the guild ol St Luke only two yenre later than Van der

Jleor. It is curiuus to rtail that, at one of the auctions in Amster-

dam about the middle of last century, a Do Hooch is praised as

being " nearly equal to the famous Van der Meer of Delft." So
nearly are thov allied that the best .judges are divided in opinion

whether tho Dutch Family ("La Promenade") of the academy
of Vienna shoidd bo attributed to our painter or to De Hooch.

Doubtless many of Van der Meer's works have yet to bo restored

to their proper author; but, as he is now in voguo, much care will

have to be used in judging. 1 his is specially true in regard to tba

landscapes and "still life
" subjects which are attributed to him.

The task is made more diBBcult by the diversity of style of this

"Protean painter," as he is called by Dr Waagen, or, as Burger

names him, "the Sphinx of Delft."

MEERANE, a rapidly increasing industrial town in

south-eastern Saxony, lies in the district of Zwickau,

about 37 miles to the south of Leipsic. It contains an old

church, a " Realschule," and a technical school for weavers.

The leading industry is the weaving of woollen and half-

woollen cloth, employing 3000 power-looms and 15,000

hand-looms, and producing goods of the annual value of

upwards of £200,000. A large proportion of the cloth is

exported to America and Japan. Meerane also possesses

several important dye-works, besides smaller industrial

establishments of various kinds. The population in 1880

was 22,293.

MEERSCHAUM. This German name is applied to a

certain mineral, in consequence of its lightness, softness, and

white colour, which suggest a resemblance to " sea foam."

In like manner it is called in French ecnme de mer. By the

German mineralogist Glocker it was termed sepiolite, in

allusion to its resemblance to the so-called bone of the

sepia or cuttle-fish. Possibly the fact that pieces of

meerschaum, washed out of their matrix, are occasionally

found floating on the Black Sea. may have led to the

association of the mineral with marine products. Meer-

schaum "is an opaque earthy mineral, of white, greyish, or

yellowish colour, compact in texture, and breaking with a

conchoidal or fine earthy fracture ; it adheres to the tongue,

and is so soft as to be scratched by the nail, its degree of

hardness being about 2 or 2-5. Its specific gravity varies

from 0-988 to 1 279 ; hence it floats in sea-water until

saturated. Meerschaum is a hydrated silicate of mag-

nesium, represented by the formula MgjSijOj -I- nHjO.

The value of n, according to some analyses, is 2. Most of

our meerschaum comes from Asia Minor, especially from

the plains of Eski-shehr, where it occurs in nodular masses,

of variable size and irregular shape, distributed through

the alluvial deposits of the plain, which are systematically

worked for its extraction by means of pits and galleries.

The mineral is associated with magnesite, or carbonate of

magnesium, and has probably been derived from the neigh-

bouring mountains, where a similar carbonate is found in

connexion with serpentine. Meerschaum is found also,

though less abundantly, in Greece and in some of the

Grecian islands ; at Hrubschitz in Moravia, where it occurs

in a serpentinous matrix ; and in Morocco, where it is used,

when soft and fresh, as a substitute for soap ; while a

coarse variety is found at Vallecas near Madrid, and is

employed as a building stone. Meerschaum also occurs in

South Carolina,

By far the greatest quantity of meerschaum is used in the manu-

facture of tobacco-pipes, a purpose for which it is well htted l>y it»

iiorosity. The nodular masses are first roughly scraped in order to

remove the red earthy matrix ; they are then dried, scraped again.

and finally polished with wax. In this st.te the rudely-shapeJ

nodular pieces arc sent from the East principally to \ lenna and to

various parts of Germany, The pipe-bowls, after having been turned

and carved, are rubbed with glass-paper and Dutch rushes ;
they

are next boiled in wax, spermaceti, or steanne, and afterwards sub-

jected to careful polishing with bone-ash, chalk, ic.

An imitation of meerschaum for common pipes is made of hard-

ened plaster of Paris, treated with paraffin, and coloured by gam-

boge and dragon's blood. A peculiar preparation, into which

potato largely enters, is said to have been successfully employed in

France as a substitute for meerschaum.

MEERUT, or MIkath, a district in the division' of

> The division lies between 27° 38' and 30° 57' N. lat., and between

77° 7' and 78° 42' E. lonir., and comprises the six districts of Dohra

Dun, Saliaranimr, Miizatfamagar, Mcerut, Bulandshahr, and Alij:«rh.

Tho area in 1878 was 11,138 square miles, and the population in 1872

4,977,173.

"•—2!)^
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Meernt and the lieutenant-governorship of the North-

Western Provinces, India, lying betireen 28* 28' and 29°

18' N. lat., and 77° 10' and 78* 14' E. long., is bounded

on the N. by Muzaffarnagar district, on the E. by the

Ganges, on the S. by Bulandshahr district, and on the W.

by the Jumna. The area in 1881 was given as 2361

square miles. Meerut forms a portion of the long aud

narrow plain lying between the Ganges and the Jumna,

with a very gentle slope from north to south. Though

weir wooded in places and abundantly supplied with

mango groves, it has but few patches of jungle or waste

land to break the general expanse of cultivated soil.

Sandy ridges run along the low watersheds which separate

the minor channels, but with this exception the whole

district is one continuous expanse of careful and prosperous

tillage. Its fertility is largely due to the system of irriga-

tion canals, which intersect it in every direction. The

eastern Jumna canal runs through the whole length of the

district, and supplies the rich tract between the Jumna and

the Hindan with a network of distributary streams. The

main branch of the Ganges canal passes across the centre

of the plateau in a sweeping curve, and waters the midland

tract. The Anupshahr branch supplies irrigation to the

Ganges slope. Besides these natural and artificial channels,

the country is everywhere cut up by small water-courses.

The Burh Gangi, or ancient bed of the Ganges, lies at

some distance from the modern stream ; and on its bank

stood tie abandoned city of Hastinapur, the legendary

capital of the Pandavas at the period of the MaMbhdrala,

said to have been deserted many centuries before the

Christian era, owing to the encroachments of the river.

The census of 1872 returned the population of the distiict at

1,276,104, the Hindus numbering 591,226. Among the higher

castes Brahmans muster strong "(109,804). Th» Rajputs Cbc4.b

Hindus and Mohammedans) number 55,083, and enjoy great social

distinction as laudliolders ; the Banias, or traders (66,942), also

now hold considerable landed property. The great cultivating

castes are the Chamars (197,273) and Jats (145,514). The Gujars

(60,350) are a pastoral tribe, with an ancient character for plunder

and cattle-lifting, which is now passing away. The llohammedans

(281,857) are lor the most part the descendants of converted

Hindus. The Christian population consists of 2149 Europeans,

142 Eurasians, and 730 natives. Fifteen towns in the district con-

tain a popuJation exceeding 5000 ; namely, Meeri.t, 81,386 ; Hapur,

14,544 ; aardhana, 12,466 ; Garhmukhtesar, 7862 ; Bagpat, 73G7 ;

Ghaziabad, 7365; Shahdara, 7257; Baro, J 056; Mawana, 6864;

Pilkhua, 6239 ; Khekara, 6045 ; Tikri, 6698 ; Kirthal, 5651

;

Dasna, 5605 ; Chaprauli, 5594.

Meenit is one of the most flourishing and best tilled districts of

the Doab. Out of a total area of 1,505,824 acres, as many as

1,048,221 were under cultivation in 1881, 281,095 acres being

irrigated by Government works, and 303,526 by private individuals.

The grazing lands comprehended 242,091 acres, and the waste

185,400. The condition both of agricultural labourers and of

artisans and workmen in the towns has considerably improved of

late years. About one-half the soil is cultivated by the proprietors

themselves, the remainder being about equally divided between

tenants with occupancy rights aud tenants-at-wfll. Kents are paid

in money, and range from 18s. lOd. per acre for the best cannl-

watered lands down to 23. 5Jd. per acre for "dry" unirrigated

soils. The chief exports of the district are grain, cottorf, and
indigo ; and the principal imports are Manchester goods, English

hardware, tobacco, drugs, and spices. The chief commercial
centres are Meerut, Ghaziabad, and Bagimt. Besides the great

waterways of the Jumna aud Ganges, and the navigable canals,

conmiiuiication is afforded by the East Indian and the Punjab and
Delhi Railways; ako by 1505 miles of made roads. In 1876 the

district was in the administiative charge of four covenanted
civilians, and contained seventeen magisterial and fifteen civil

courts. The gross revenue in 1881 was £248,754, of which
1:203,977 was derived from the land-tax ; the cost of officials and
police was £27,520. In 1881 there were 214 schools, attended by
6677 pupils. The comparatively high latitude and elevated posi-

tion of Meerat make it one of tlie healthiest districts in the plains

of India. The average temperature varies from 57° Fahr. in Janu-
ary to 87° in June. Tlie rainfall is small, less than 30 inches

annually. The only endemic disease tn the district is malarial

fever ; but small-pox and cholera occasionally visit it as epidemics.

The authentic history of the district commences with the

Moslem invasions. Until the 11th centuiy it is probable that

Heerut was mainly in the hands of predatory native tribes,

such as the Jits and Dora. The first undoubted Mohammedan
invasion was that of Kutab-nd-din in 1191, when Meerat town was
taken, and all the Hindu temples turned into moaiiues. In 1398
TiniUf swooped down upon the district, captured the fort of Loni

after a desperate lesistauce, and put all his Hindu prisoners to

death. He then proceeded to Delhi, and alter his memorable sack

of that city, returned to Meerut, captured the town, razed all the

fortifications and houses of the Hindus, and put the male inhabi-

tants to the sword. The firm eKtablishment of the great JIughal

dynasty in the 16th century, under Babar and his successors, gave

lieerut a period of internal tranquillity and royal favour. After the

death of Aurangzeb, liowever, it was exposed to alternate Sikh and
Mahratja invasions. From 1707 till 1775 the coiuitry was the

scene of ono perpetual strife, and was only rescued from anarchy

by the exertions of tlie military adventurer Walter Eeinhardt,

afterwards the husband of the celebrated Begam Samru, who
established himself at Sardhina in tlie north, and luled a large

estate. The southern tract, however, remained in its anarchic

condition under Mahratta exactions until the fall of Delhi in 1803,

when the whole of the country between the Jumna and the Ganges

was ceded by Sindhia to the British. It was formed into a

8ep;u-ate district in 1818. In the British period it has become
memorable as being the place where the first outbreak of the great

mutiny of 1857 took place

Meekut, a city,- and cantonment in the above district,

1.S situated about half way between the Ganges and the

Jumna, in 29° 0' 41' N. lat. and 77' 45' 3
' 'E'. long. The

city proper lies south of the cantonments, and although a

very ancient town, dating as far back as the days of the

Buddhist emperor Asoka {circ. 250 B.C.), Jleerut owes its

modern importance to its selection by the British Govero-

raent as the site of a great military station. In 1805 it is

mentioned as "a mined depopulated town." The canton-

aieut was established in 1806, and the population rose

.rapidly to 29,014 in 1847, and 82,035 in 1853. In 1872

the census returned the population (exclusive of ' the

m'ilitary) at 81,386, viz., Hindus, 47,606 ; Jlohammedans,

33,532 ; Christians, 248. The slight decline of population

between 1853 and 1872 may probably be attributed to

the mutiny of 1857. Most of the streets have a poor

appearance, owing to the hasty manner in which they were

erected. The cantonment, a little to the north of the city,

forms the headquarters of a military division. The' prin-

cipal building is the Meerut church witli its handsome tall

spire. There are also a Eoman Catholic church, mission

chapel, asylum for the relief of Europeans and Christians,

and a club. The Mall is one of the finest drives in India.

MEGALOPOLIS, a city of southern Arcadia, situated in

a plain about 20 miles south-west of Tegea, on both banks

of the Helisson, about 2\ miles above its junction with the

Alpheus. Like Messene, it owed .its origin to Epamin-
ondas, and was founded in 370 B.C., the year after the

battle of Leuctra, as a bulwark for the southern Arcadians

against Sparta, aud as the seat of the Arcadian federal

diet, which consisted of ten thousand men. The builders

of the city we.re protected by a Theban force, aud directed

by ten native oecists, who likewise attended to the peopling

of the new city, which apparently drew inhabitants frum
all parts of Arcadia, but more especially from the

neighbouring districts of Masnalia and Parrhasia, Forty
townships are mentioned by Pausanias (viii. 27, 3—5) as

having been incorporated in it. It was fifty stadia in

circumference, and was surrounded with strong walls. Its

territory was the largest in Arcadia, extending northward

24 miles. The city was bnilt on a magnificent scale, ami
adorned with many handsome buildings, both public and
private. Its temples contained many ancient statues

brought from the towns incorporated in it. On the north

side of the Helii«on, which divided it into two nearly

equal parts, was the agora with four porticos, the gymna-
sium, a sacred grove, temples to the Lycaean Zeus, Pan
Oinoeis, Ehesf, "Tyche, the great goddesses (Demeter and
Core), Zeus Philios (with a statue by Polycletus), Apbro-



M E G — I\I E G 827

dite, Core, Athena Polias, and Hera Teleia. Among tlie

numerous statues which stood in the open air the finest

wa9 that of Apollo Epicuriu?, 12 feet high, brought from

the beautiful temple of Bassit, which was built by Ictinus,

and is still in great part standing. On the south side of the

river were tho theatre, the largest in Greece, the Thersilion

or hall for the assembly of the Arcadian diet, a house built

for Alexander the Great, with a statue of Zeus Amnion,

the stadium, temples to the Muses, Apollo, and Uermes, to

Aphrodite, to Ares, fo Dionysus, to Hercules and Hermes,

to Artemis Agrotera, to Asclepios and Hygiea, to the

son of Asclepius, and to Apollo. Of all these buildings,

with the exception of the theatre, hardly a trace remains

above ground. The rnins of ilegalopolis are near

Sinanon.

The fonniktions of Jlcgalopolis were liaviUv laid when Agcsilans

undertook au expedition in tlic hope of bienking up the union of

vhich it was the visible sign and capital. He accomplislied

nothing, and Iiad hardly reached homo when the Thebans and
their allies under Epaniinondas and Pelopidas entered the Pelopon-

nesus and marched tlirough Laconia almost unopposed. After the

ileparture of Epaniinondas, Lycomedcs of Jlanlinea succeeded iu

drawing the Arcadion federation away from its alliance with Thebes,

in consequence of which it had to make common cause with Athens
An attempt on tho part of the federation to use the treasures of the

temple of Zeus at Olympia led to internal dissensions, so that ni

the battle of JIantinea (302) one half of the Arcadians fought on
the side of the Spartans, the otlier on that of the Thebans. After

this battle many of the inhabitants of Slegalopolis sought to return

to tlieir former homes, and it was onlj' by the assistance of three

t'iousnnd ThobaTLs under Pammenes that the a\ithorities were able

to prevent them from doing so. In the year 352, when Thebes had
her hands full with the so-called Sncred War, the Spartans made an
attempt to reduce Jlegalnpolis ; but the Thebans promptly sent

assistance, and the city was rescued. Not sure of this assistance,

the Jlegalf'politans liad appealed to .\theiis, an appeal which gave
occasion to Uemoethenes's oration Tltpl MpyaKoiroXnui'. The
Spai-taus were now obliged to conclude peace with Megalopolis and
acknowledge her autonomy. Nevertheless their feeling nf hostility

•lid not cease, and Megalopolis consequently entered into friendly

relations witli Philip of Jlacedon. Twenty years later, when the
Spartans and their allies iTbclled against the power of Macedon,
Jlegalopolis. remained firm in its allegiance, and was subjected to

a siege of considerable duration. Alter the death of Alexander,
Megalopolis was governed by native tyrants. In the war between
Cassancfer and Polysperchon it took part with the former, and was,

in consequence, Vsieged by the latter. On this occasion it was able

to send into the tielci-an army of fifteen thou.'^r.nd. In 234 11.0.

Lydiailcs, the last tj-rant of Jlegalopolis, voluntarily resigned his

power, and the ^city joined the Aeha-an league. In consequ'^nce of

this it was onco more exposed to tho bittei hatred of Sparta. In
222 Cleomenes took and plundered it, and killed or dispersed its

inhabitant", hat in the year fdUowing it was restored, and its

inhabitants reinstated by Philopcemtn, a native of the city- At
this time the circuit of its walls always too gieat, seems to have
been contracleiL At all events it never again attained political

importance, and gradually sank into insiguilicanee. The only great

men whom it produced were Philoprenien and Polybius the his-

torian. Lycorta-s tho father of the Litter, may beacconntedatlurd.
la the time of Pausanias the city was mostly in ruiua.

JrEG.\LO;?AURUS. See Reptiles.

'MEG.'VPODE, the name given generally to a email but
remarkable Family of birds, highly characteristic of some
parts of the Australian Region, to which it is almost
peculiar. The Afrr/ap(yUidx with tho CrariJx form tJmt

division of tho Order GaUiiias named by Professor Hitxley

Perifteropoilrs {Pru^. Zuol Sxifty, 18C8, p. 29G), and
morphologically seem to be the lowest of the Order, with
which apiKUont fact may perhaps be correlated their singular

habit of leaving their Cfrgs to be hatched without incuba-

tion, burying them iu the ground (as many Reptiles do) or

heaping over them a mound of earth, leaves, and rotten

wood. This habit attracted attention more than three

hundred years ago,^ but the accounts given of it by various

' Antonio rigafctta, one of the survivors of }Ia(;elhui a glorioua but
dls.astrous voyage, recorrli in his journal, under date of April l.'i21,

among tlic peculiaritic:! of the Philippine Islands,'.thos first discovered

by Eurepeniis, the existence of a bird there, alxini the size of a Fowl,

travellers were generally discredited by naturalists,' and
as examples of the birds, probably from their unattractive

plumage, appear jiot to have been brought to Europe, ni>

one of them was seen by any ornithologist or scientifically

described until near the end of the first quai-ter of the

present century. The first member of the Family to

receive authoritative recognition was one of the largest,

inhabiting the continent of Australia, where it is known as

the Brush-Turkey, and was originally described by Latham
in 1821 under the name of the New-Holland Vulture, a

misleading designation which he subsequently tried to

correct on perceiving its Galline character. It is the

TalegnUits lathaini of modern ornithologists, and is nearly

the size of a hen Turkey. Six smaller species of the

same geuus liave since been described, all from New
Guinea or the neighbouring islands, but two of them, T.

'pyrrho-pyijivs and T, hriiyni, have been separated to form a

group Jipypodiiis, The Australian bird is of a sooty-

brown colour, relieved beneath by the lighter edging of

some of the feathers, but the head and neck are nearly

bare, beset "vi-ith fine bristles, the skin being of a
deep pinkish-red, passing above the breast into a large

wattle of bright yellow. The tail is commonly carried

upright and partly folded, something like that of a domestic

Fowl.

Tlie nest form of which we may epeak is another

inhabitant of Australia, commonly known in England as

the Mallee-bird, but to the colonists as the "Native
Pheasant "—the Lipoa oceltaia, described by Gonld in the

zoological Proceedings for 1840 (p. 126), which has much
shorter tarsi and toes, the head entirely clothed, and the

tail expanded. Its plumage presents a pleasing combina-

tion of greys and browns 01 various tints, interspei-sed

with black, white, and bufi, the wing-coverts and feathers

which laid its eggs, as big as a Duck*s, in the sand, and left them to be
hatched by the heat of the sun {Premier Voyage aviour dtc Monde,
ed. Arcorettt, Paris, A.R. ix. p. 88). More than a hnndred years

later the Jesuit Nieremberg, in bis Historia Naturm, publlsHed at

Antwerp iu 1635, described (p. 207) a bird called
'

' Daic," and by
the natives named "Tapun," not larger than a Dove, which, with its

tail (!) and feet, excavated a nest in sandy places and laid therein

eggs bigger than those of a Goose. The jniblication at Rome in

16.il of Hernandez's Hist. Avium Notse Hi^panise shews that his

papers must have been accessible to Nieremberg, who took from them
the passage just mentioned, but, as not unusual with him, niisprintetl

the names which st.ind in Hernandez's work (p. 56, cap. 220) " Daic"
and "Tapum" respectively, and omitted his predecessor's important

addition "Viuit in Philippicis. " Not long after, the Domicican

Navarrete, a missionary to China, made a considerable stay in the

Philippines, and returning to Europe in 1G73 wrote an acroiuit of the

Chinese empire, of which Churchill {CoUcctitin of Voyages and Travels,

vol. i.) pive an Engli.sh tran.«lation in 170}. It is therein stated

(p. 45) that iu many of the islands of the Malay Archipelago " there

is a very singidar bird call'd Tabtii," and that "What I and many
more admire is, that it being no bigger iu Botly than an ordinary

Chicken, tho' long legg'd, yet it lajs an Egg larger than a Gooses, so

that the Egg is bigger tli.in the bird itself. ... In order to lay its

Eggs, it digs in the Sand above a yard in depth ; after laying, it fills

up the hole and makes it even wiih the rest ; there tho Eggs hatcU

with the heat of tlie Sim and Saud." He adds further infomiatioa

which need not be quoted here. Gemelli Cireri, who travelled fi«m

1663 to 1699, and in the latter year pnbliiihod an accottnt of liia

voj"age round the world, gii-es similar evidence respecting tJiia remark^

able bird, which ho calls "Tavnu," in tlie Phiiipplo* laUnds (lay.

du tour du MnnJc, ed. Paris, 1727, v. pp. 167, 15S}. The Megapoda

cf Liuon is fairly described by Camel or C.imelli iu his observation.'!

on tho Birds of the Philippines communicated by Peti\-er to the Royal

Society in 1703 {Phil. Tians., xxiiL p. 1398). In 1726 Valentyn

publislied his elaboi-ate work on the East Indies, wherein (de^l iii.

bk. V. p. 320) he verj- correctly describes the Megupode of Amlioina

luider the name of " JIalleloe," and also a larger kind found iu Celebes,

80 as to slicif he had in tho course of hia Ion? residencp in the Dntch
wttlements berome pcT.-.onnlly acquainted with both.

'' Thus WiHiiflhliy {Omitfiolripa, p. 297), or Ray for him, who had,

howe\*er, only Kieu'mberg's evhlenco to cite, and they can scarcely be

blamed for their hesitation, con-xidering the number of other roarveh

narrated by the same worthy father. Bii(T(in also {Oiseavr, ix. p.

436) wos just as sceptical in regani lo the relation of CarerL



828, M E G— M E G
of the back bearing eacli near the tip an oval or subcircular
patch, whence the trivial scientifin name of the bird is

given, v/hile a stripe of black feathers with a median Hue
of white extends down the front of the throat, from the
chin to the breast. "There is but one species of this genus
known, as is also the case with the next to be mentioned,
which is a singular bird long known to inhabit Celebes,
but not fully described until 1840,' when it received from
Salomon Muller(.-lr<:/i./. Naturgssclii€hte,\n. pt. l,p. 11 G)
the name of Macrocephalon maleo,' but, being shortly

afterwards figured by Gray and Mitchell (Gen. Birds, iii.

pL 123) under the generic term of ifegacephalon, has since

commonly borne the latter appellation. . This is a very
remarkable form, bearing a helmet-like protuberance on
the back of its head, all of which as well as the neck is

bare and of a bright red colour; the plumage of the body
is glossy black above, and beneath roseate-white.

Of the Megapodes proper, constituting the genus
ilegapodhis, many species have been described, but authori-
ties are greatly at variance as to the validity of several,

and here it would be impossible to name all that have been
supposed to exist. Some are only known from very young
examples—mere chickens ; and some have even been
described from their eggs alone. In 1870 Mr G. E. Gray
enumerated twenty species, of which sixteen were repre-

sented in the British Museum, and several have been
described since; but ten years later Professor Schlegel
recognized only seventeen species, of which examples of
twelve were contained iu the Leyden Museum {Mm. des
Pays-Bas, viii., ilonogr. 41, pp. 56-86), while M. Oustalet,
in his elaborate monograph of the Family {Ann. Sc. Nat.,
Zoologie, ser. 6, vols. x. and si.), admits nineteen species.

The birds of this genus range from the Samoa Islands
in the east, through the Tonga group, to the New He-
brides, the northern part of Australia, New Guinea and
its neighbouring islands, Celebes, the Pelew Islands, and
the Ladrones, and have also outliers in detached portions
of the^Indiau Region, as the' Philippines (where indeed
they were^first discovered by Europeans), Labuan, and
even thejNicobars—though^none are known from the
intervening islands of Borneo, Java, or Sumatra. Within
what may be deemed their proper area they are found,
says Mr Wallace {Geogi: Distr. Animals, ii. p. 341) "on
the smallest islands and sand-banks, and can evidently
pass'oy.er a few miles of sea with ease." Indeed proof of

their'roaming disposition is afforded by the fact that the
bird described by Lesson {Vog. Coqidlle: Zoologie, p. 703)
as Alecthelia wvillii, but now considered to be the young
of Megapodius freycineti, flew on board his ship when more
than 2 miles from the nearest land (Guebe), in an exhausted
state, it is true, but that may be attributed to its extreme
youtli '

' The species of JfegapoJins are about the size of

small Fowls, the head generally crested, the tail very short,

the feet enormously large, and, with the exception of 31.

wallaeii {Proc' Zool. Society, 1860, Aves, pi. 171), from
ths Mol.uccas, all have a sombre plumage.
The extraordinary habit possessed by the Megapodes

generally of relieving themselves of the duty of incuba-

tion, as before mentioned,—a habit which originally

attracted the attention of travellers, whose stories were
on that very account discredited,—as well as the highly
developed condition of the young at birth, has been so
fully described by Gould (Haudb. B. Australia, ii. pp. 152-
175), G. R. Gray (Proc. Zool. Society, 1861, pp. 292-296),
and Mr AVallace (Malay Arc/dpelago, i. pp. 415-419; ii.

pp. 147-149), and so often repeated by otiier writers, as to

' As we have seen, it was mentioned in 1726 by Valentyn, and a
young example was in 1830 described and figured by Quoy and Gaim-
ard ( Vuy. de V Astrolabe : Oiseaitx, p. 2-39, pi. 25) as the Me^a-
podius rubripes of Temrainck, a wholly different bird.

be very commonly known, and here there seems no necessitj

to enter into further details concerning it. (a. n.)

MEGARA was the name of two Greek towns, one in

Sicily, which has been already described under IIybla,

the other on the road from Attica to Corinth. The
country which belonged to the city was called Mtyapi? or

7; McyaptKT; ; it occupied the broader part of the isthmus
between Attica, Boeotia, Corinth, and the two gulfs, and
its whole area is estimated by Clinton at 143 square miles.

The range of Mount Geraneia extends across the country

from east to west, forming a barrier between continental

Greece and the Peloponnesus. The shortest road' across

this range passes along th», ea.stern side of the niountains,'

and the most difficult part is the celebrated Scironian

rocks, the mythic home of the robber Sciron. -i The only

plain in the rugged little country was the White Plain, in

which was situated the only important town, Megara. • The
town was one of the most important commercial and
colonizing centres of Greece in early times, and there is no
doubt that its trade, like that of Corinth, owed its origin to

the Phoenicians, who found its situation on the isthmus
convenient. It became a Dorian city when that tribe

conquered the Peloponnesus. Like many other cities of

Greece, Megara was formed out of five villages, which
were imited on one political foundation ; and this event

must have taken place not later than the middle «if the 8th

century. From this time for two centuries Megara was
among the most powerful cities of Greece. Though it had
a harbour called Pegse on the Corinthian Gulf, and
founded a Sicilian colony, Megara Hyblaea, in 728 ac,
yet it did not long compete with Corinth and Corcyra foe

the western trade. Nisjea on the Saronic Gulf was a better

harbour, and gave the Megarians a stronger footing on tha

eastern seas. In order to keep their hold on the Black

Sea traffic, they founded numerous trading stations along-

side of their chief rivals, the people of Miletus : Chalcedon

and Byzantium on the Bosphorus, and Astacus and Heraclea

in Bithynia were colonies of Megara. Wealth and culture

increased in the city; the country festivals were celebrated

in a more elaborate and orderly manner, and Susarion of

Tripodiscus, first gave literary form to Grecian coijiedyj

which was soon transferred to Attica.

The situation of Megaris on the isthmus gave it great

political power, inasmuch as it commanded all the roads

from the Peloponnesus into continental Greece ; and so

long as the people continued united under an orderly

government they maintained their high position'.' But
the development of education prompted the lower classes

to demand from the nobles an equal share in the govern-

ment, and Megara did not, like Athens and Sparta, produce

a constitution which could reconcile the contending parties.'

A tyrant Theagenes raised himself to supreme power^aS

the leader of the popular party ; he made an aqueduct

for the city, and appears to have maintained its power
and splendour. But he was expelled by the nobles about

600 B.C., and for many years Megara was the scene' of

continual' struggles. The poor, who were indebted to

the rich, refused to pay what they counted exorbitant

interest, and plundered the houses of the nobles." A
vivid picture of the state of the city in the 6th cent\iry

B.C. is preserved in the writings of the poet Theognis, who
belonged to the aristocratic party. Meanwhile Athens was
rising to power, and maintained a long war with Megara
for the island of Salamis. The Megarians giadually lost

strength, and finally Solon wrested, the island from them
for ever. They sent three thousand troops to fight at

Platoea. In the wars between Athens and Sparta" they

were impelled by jealousy of their neighbours of Corinth

to join Ihe Athenian alliance,^ 455-^45 ; but, they soon

found that thejr were only the subjects of Athens, and finally
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enrolled themselves among tlie allies of Sparta. They
suffered terribly during the Peloponnesian War : Athenian
ships blockaded their harbours and Athenian armies ravaged
their land once or twice every year. Tlie long famine in

the city is referred to by Aristophanes in the Acharnians.

The city maintained a flourishing existence throughout the

Greek and Roman periods, but played a very mibordiimte

part in history. In the unsettled time when the Roman
empire had decayed, it was often plundered by pirates.

&,s regarls literature, Megara's chief distinction, besides

the poems of Theognis and the comedy of Susarion, was
be school of philosophy founded there by Euclid, a
iisciple of Socrates. The coinage of the city is a very con-

fused and difficult subject ; no very early coins can be with
certainty attributed to it. The usual types are ApoUine.
The topography is described by Pausanias, bk. i. Megara
is about four hours' carriage-drive from Athens.

MEGATHERIUM is the name given by Cuvier to a
large extinct animal belonging to the order Edentata (see

Ma.mmalia, p. 384). A nearly complete skeleton, found
on tlie banks of the river Lnxan, near Buenos Ayre.', and
Rent in 1789 to the Royal Museum at Madrid, long

Skeleton of tbe Megatherium, from the spccitnen in the Museum of the Royal College of Surgeons
of England, x ^.

remained the principal if oot the only source of infor-

mation with regard to the species to which it belonged,

and furnished the materials for many descriptions, notably

that of Cuvier, who determined its affinities with the

Sloths.' In 1832 an important collection of bones of the

Megatherium were discovered near the Rio Salado, and
were secured for the museum of the College of Surgeons of

England, and these, with another collection fonnd at

Luxan in 1837, and now in the British Museum, supplied

the materials for the complete description of the skeleton

published by Professor Owen in 1861. Other skeletons

have subsequently been received by several of the Conti-

nental museums, as Milan and Paris, and, consequently,

our knowledge of the organization of the Megatherium, so

far as it can be deduced from the bones aud teeth, is as

complete as that of any othjsr animal, recent or extinct.

The remains hitherto spoken ol are nil referred to one

•peciea. Megatherium americanum of Blumenbach, J/, cm-ieri

} An excellent figure of this skeleton, which unfortunately was

incorrectly articulateil, and wanted the greater part of the tail, was

published by Pander niid D'Alton in 1821, and has been frequently

reproduced in subsequent works.

of Desmarest, and are all from the newest or post-Tertiary
geological formations of the Argentine Republic and
Paraguay, or the lands forming the basin of the Rio de la

Plata. Dr Leidy has described, from similar formations in

Georgia and South Carolina, bones of a closely allied

species, about one-fouith smaller, which he has named M.
mirahile. A third species, J/, laurillardi of Lund, is

founded upon remains found in Brazil.

The following description will apply especially to the
best-known South American form, Ilegatheriiim ameri-
canmn. In size it exceeded any existing land animal
except the elephant, to which it was inferior only in con-

sequence of the comparative shortness of its limbs, for in

length and bulk of body it was its equal, if not superior.

The full length of a mounted skeleton from the fore part

of the head to the end of the tail is 18 feet, of which the

tail occupies 5 feet. The head, which is small fo- ih" size of

the animal, presents a general reserfblanee to that of the

Sloth ; the anterior part of the mouth is, however, more
elongated, and the malar bone, though branched posteriorly

in the same way as that of the Sloth, meets Ili3 zygomatic

process of the squamosal, completing the arch. The lower

jaw has the middle part of

its horizontal ramus curiously

deepened, so as to admit of

implantation of the very long-

rooted teeth. In number the

teeth exactly resemble those

of the Sloths, being live above

and four below on each side,

and they are limited to the

lateral parts of the mouth,

front teeth being entirely

wanting. They resemble

those of the Sloths olso in

their persistent growth, and

in their composition of three

tissues— vaso-dentine, true

dentine, and cement ; but

^hey are of prismatic or

quadrate form, and the con-

Btituent materials of different

.densities are so- arranged

that, as they wear, two trans-

verse ridges of Lard dentine

remain at a greater elevation

than the rest of the tooth,

producing a very efficient

triturating apparatus (see figs. Zb and 30, attiele Mam-
malia, p. 385). The vertebral column consists of seven

cervical, sixteen dorsal, three lumbar, five sacral, and

eighteen caudal vertebrae. The spinous processes are

much better developed than in the Sloths, and are all

directed backwards, .there being no reversing of the in-

clinatioir near the posterior end of the dorsal series, as in

most active-bodied mammals. In the lumbar region, the

accessory zygapophyses, rudimentary in Sloths, are fully

developed, as in the Anteaters.

The tail is large, and its basal vertebra; have strong

lateral and spinous processes and chevi-on bones, indicating

great muscular development. The scapula resembles that

of the Sloths in the union of the acromion with the cora-

coid, and in the bridging over of the supra-scapular notch.

The clavicle is complete and very large much resembling

that of man on a large scale. The fore limbs are longer

than the hind limbs. The radius and ulna are both well-

developed, and have a considerable amount of freedom of

movement The hand is singularly modified. The first

digit is represented only by a rudimentary metacarpal, bnt

the next three sro large, and terminate in phalanges
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adapted for the support of immense claws, the middle one

being especially large. The outer or fifth digit has no claw,

ond it may be considered as certain that the weight of the

font was, in standing and walking, chiefly thrown upon this,

and that it was protected by a callous pad below as in the

existing great Anteater, while the other toes were curved

inwards towards the palm, only coming in contact with I

the ground by their outer surfaces. The mechanical

arrangements by which the weight of the body was thrown
entirely upon the outer side of the foot are very curious,

and are fully described in Professor Owen's memoir. The
pelvis is remarkably wide, even more so than that of the

Elephant, but it is formed on the same principle as in the

Sloths. The femur is extremely broad and flattened ; the

tibia and fibula are short and strong, and united together at

each end. The hind foot, contrary to the usual rule in the

EJenlata, is even more singularly modified than the hand.

The ankle-joint is formed upon a peculiar plan, quite un-

like that of the Sloths, or of any other mammal, except the

Megatherium's nearest allies. The calcaneum projects

nearly as far backwards as the fore part of the foot does

forwards. There is no trace of great toe or hallux, or of

its corresponding cuneiform bone. The second toe is

rudimentary. The third lias an enormous ungual phalanx,

which, like those of the hand, is remarkable for the immense
development of the bony sheath which is reflected from
its proximal end around the base of the claw. The two
outer toes have large and very peculiarly-shaped meta-

tarsals, but only small phalanges, and no claws. The
creature probably v.alked upon the outer edge of the sole,

60 that the great falcate claw of the third toe did not come
into contact with the ground, and so was kept in a state

of sharpness ready for use. The foot was therefore formed

upon quite a different principle from that of the Anteaters

or Sloths, though somewhat like the latter in having two
of the toes aborted.

Taking all the various points of its structure together^

they clearly indicate affinities both with the existing Sloths

and with the Anteaters, the skull and teeth more resembling

those of the former, and the vertebral column and limbs the

latter It is also not diflicult to infer the food and habits

of this enormous creature. That it was a leaf-eater there

can be little doubt, but the greater size and more complex

structure of its teeth might have enabled it to crush the

smaller branches as well as the leaves and succulent shoots

which form the food of the existing Sloths. It is, however,

very improbable that it climbed into the branches of the

trees like its diminutive congeners, but it is far more likely

that it obtained its subsistence by tearing them down with

the great hook-like claws of its powerful prehensile fore

limbs, being easily enabled to reach them by raising itself

up upon the massive tripod formed by the two hind feet,

firmly fixed to the ground by the one huge falcate claw,

and the stout, muscular tail. The whole conformation of

the hinder part. of the animal is strongly suggestive of

such an action. There can also be little doubt but that all

its movements were as slow and deliberate as those of its

modern representatives.

An idea at one time prevailed that the Megatherium was

covered externally with a coat of bony armour like that of

the Armadillo?, but this originated in dermal plates

belonging to the Glyptodon, a totally distinct animal,

liavins; been accidentally associated with bones of the

Megatherium. Similar plates, on a smaller scale, have

indeed been found in connexion with the skeleton of

both Mylodon and Seelidotherium, animals of the same

family, but never yet mth the Jfegatherium, which we

may therefore imagine with a covering of coarse hair

like that of its nearest living allies, the Sloths and

Anteater.?,

Bibliography.—3. Garrig.i and J. B. Bry, Descripcion del esqut-
leto de un cundrupedo muy wrpulcnlo y :aro, que se conserva en el
Heal Gahinele de Historia Natural de Madrid, con 5 laminas, fol.,

1796 ; G. Cavier, in Annales dv. Mvsium, vol. v. p. 376, 180-J

;

Pander and D'Alton, /3.:s Sirsen/mUtki'-r abgcbildet viut b^sehrieben,
1821 ; R Owen, "On the Megatherium," in miosophical Trans-
aeliom lor 1851, 1855, 1856, and 1858, republished as a separate
work m 1861 ; J. Leidy, " Memoir on the Extinct Sloth Tribe of
North America, " Smitlteonian Contribittimts to Knowledge, vol. vii.,

1855 ; H. Hurmeister, Description pinjsique de la Ripuhliqv'e
ylrgenline, t. iii. pt. 1, " ilammiferes vivants et eteints," 1879, p.
285. (W. H. F.)

MEGHXA, a river of India, forming, in the lower part
of its course, the great estuary of the Bengal delta, which
conveys to the sea the main body of the waters of the
Ganges aud the Brahmaputra, which unite at Goalinda in

Faridpur district, The united waters thence roll .south

—

a migiity river of great depth and turbidness, sometimes
split up into half a dozen channels by sand-banks of its

own formation, sometimes spreading out into a widespread
sheet of water which the eye cannot see across. The river

enters the sea by four principal mouths, enclosing the three
lor^e islands of Dakshin ShAhbazpur, Hatia, and Sandwip
It is navigable by native boats of the largest burden, and
also by river steamers, all the year through ; but the
navigation is difficult, and sometimes dangerous, on account
of shifting sand-banks and "snags," and boisterous weather
when the monsoon is blowing. The most favourable season

for navigation is between l^ovember and Februarj-.

Alluvion and diluvion are constantly taking place, especially

along the seaboard, and in No4khAli district the land is

said to have advanced seawards 4 miles in twenty-three

years ; •while the islands fringing the mouth are annually

being cut away and redeposited in fresh shapes.

The tidal phenomena of the MeghnA surpass those of

any other Indian river. The regular rise of the tide is from

10 to 18 feet, and at springs the sea rushes up in a single

wave, known as the "bore,"—on the MeghnA a justly

dreaded danger to boatmen. It is greatest at the time

of the biennial equinoxes, when navigation is sometimes
impeded for days together. The tidal wave is suddenly

beheld advancing like a wall topped with foam of the height

of nearly 20 feet, and at the rate of 15 miles an hour; in

a few minutes all is over, and the river has changed from

ebb to flood tide. A still greater danger is the " storm

wave," which occasionally sweeps up the MeghnA in the

shape of cyclones. The latest and ^ most destructive of

these disasters were those of May 1S67 and October 1876,

when tiie whole islands and sea-face of the mainland were

entirely submerged. In the latter calamity it has been

ofiicially estimated that about 19 per cent, of the popula-

tion in the mainland portion of XoAkhAll, and in the islands

of Sandwip and Hatia, were drowned, and that a like

proportion subsequently died of cholera and other diseases

caused by the results of the storm.

MEHADIA, a market-town in the county of Szordny,

Hungary, is situated on the Bella-Keka, or Eereka, 13*
miles north of Orsova, in 44° 55' N. lat., 22° 22' E. long"

The town is small but thriving, and contains Greek

Orthodox and Roman Catholic churches, the ruins of a

castle, and some interesting Pioman antiquities. Mehadia

is, however, chiefly of importance as the statica for the

Hercules- Baths, distant about 3 miles east from the town,

and situated in a narrow pass in the romantic valley of the

Cserna. Of the twenty-two hot springs of MehAdia, nine

are now in use, the most powerful one being the Hercides,

which yields about 5000 cubic feet of water per hour.

The springs are all strongly impregnated with salts of

sulphur, iodine, bromine, and chlorine, aud their average

temperature is 70° to 145° Eahr. They are much used for

chronic rheumatism, gout, and cutaneous eruptions, and,

during the season, which usually lasts from the middle oi
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Slay to the •od of September, are resorted to by over

a thousand visitors. The town of MehAdia has about

2200 inhabitants, principally Roumanians and Germans.

Already in the times of the Romans fiamons for their henling

efficacy, the Thermal Herculis (Pontes. RercvJis, Aquai Ecrculis)

were tlie :-eaort of emperors, generals, and senators, wliose sojourn

there is attested by various inscriptions and relics. The town is

the site of the ancient Komau colony of Ad Mcdiam, near which

the Roman road from the Danube to Dacia passed in its course

through the valley of the Cserna. Subsequent to the destruction

of the Roman empire the baths fell into disuse until 1735 ;
great

improvements have been elfectcd in them during the present cen-

tury, and recently a spacious Irarsual has been built at the expense

of the Hungarian Government. The fortress of Mehidia was often

stormed during the wars with the Turks, and notably in 1716, 1738,

aad 17S9.

MKUEMET ALL or MoH*irMK> 'Al!. See. Egypt,

vol. vii. p. 7GO sq.

MEHUL, Etiexne Henri (1763-1817), one of the

most remarkable composers of France, was born at Givet,

in Ardennes, on the 2-ith of June 1763. His father being

too poor to give him a regular musical education, his first

ideas of art were derived from a poor blind organist of Givet

;

yet such was his aptitude that, when ten years old, he was

appointed organist of tho convent of the R(5collet3. In

1775 an able German musician and organist, Wilhelm

Haaser, was engaged for the monastery of Lavaldiou, a

fesv miles from Givet, and Mi'hnl became his occasional

pupil. In his sixteenth year he was taken to Paris by a

milittry officer, and placed himself under Edelmaun, a good

musician and harpsichord player. His first attem{)ts at

instrumental composition in 1781 did not succeed, and he

therefore turned bis attention to sacred and dramatic

music. The great composer Gluck received him kindly,

and gave him advice in his studies. After various delays

and disappointments during his efforts for sLk years to

obtain, at the Grand Opera, a representation of his Cora
el Alomo, he offered to the Opi5ra Comiquehis Euphrosiiie

et Coradin, which, being accepted and performed in 1790,

at once fixed his reputation. The critics acknowledged in

it great energy of dramatic expression, and m«ch brilliant

instrumentation, but objected to a general want of graceful

melody,—a strange complaint, since his stylo is far more
refined than that c.'' either Hdrold or Auber. His opera of

Slratonice had" great success. After several other operas

which did not succeed, his Adritm appeared, and added
much to his fame, which was still furtlier increased by his

three best works, Le jeuiie Henri, Uthal, and Joseph, the

finest of the series. He liad.been appointed one of the

four inspectors of the Paris Conservatory, but that office

made him feel continually the insufficiency of his early

Btudies, a want which lie- endeavoured to remedy by
incessant applicatioa Timoleuti, Ariodant, and Binn
followed Slratonice, with various success. Uthnl can

scarcely be expected to live, since, by desire of Napoleon
Bonaparte, it was written for an orchestra without violins.

£picure waa composed by JI6hul and Cherubini jointly,

but tho superiority of the latter was evident.' Mi-hul's

next opera, L'Irato, failed. After writing forty-two operas,

besides a number of songs for the festivals of the republic,

cantatas, and orchestral pieces of various kinds, his health

gave way, from an affection of the chest, which terminated
his life on the 18th of October 1817.

MEIBOM, IIeinrich (1555-1 625), •vwusiborn at Lemgo
on December i, 1555, and died on September 20, 1625, at

Helmstiidt, where ho had held the chair of history and
poetry from 1583. He was a writer of Latin versos

(Parodiarum Horatianariim Libri III. et Sylvarum Libri

II., 1588), and his talents in this direction were recognired

by tho emperor Rudolph IT., who ennobled him and made
him poet laureate in 1590 , but his claim to be remembered
resLi entirely on his services iu ^lucidfttiug the medioivol

history of Germany. His Opuscu/a Ilislorica ad res

Gennanieai speclantia were edited and published in 1660

by his grandson, Heinrich Meibom (1638-1700), who also

was professor of history and poetry at Helmstadt, and
incorporated the grandfather's work with his own Rerum
Germaiiicarum Scriptores (1688).

MEININGEN, the capital of the little duchy of Saxe-

Meiningen, iu central Germany, and the seat of the pro-

vincial courts for Saxe-Meiningen, Saxe-Coburg, and the

Prussian districts of Schmalkalden and Schleusingen, is

situated on the right bank of the Werra, about 40 miles

to the south of Eisenaclu It consists of an old town and
several handsome suburbs, but much of tho former has

been rebuilt in a modern style since a destructive fire in

1874. The chief buildings are the Elisabethenburg, or

old ducal palace, dating chiefly from 1682, and containing

several collections ; the new palace ; the new town-house ;

the post-office ; the barracks ; and the old town church,

with its two towers, erected in 1003. The theatre has

lately attained a European reputation for its admirably

drilled actors and unexcelled scenic effects. The English

Garden, a beautiful public park, contains the ducal

mortuary chapel and several monuments. The industries,

consisting of brewing and the weaving of woollen and

cotton cloth, are insignificant. The population in 1880
was 11,227.

Meiningen, which was subject to the bishops of Wiirzhnrg for up-

wards of 500 years (1000-1542), came into the possession of the

dukes of Saxony in 1583. At the partition of 1660 it fell to the

.share of Saxe-Altenburg, and in 1680 it became the capital of

Saxe-Meiniiit;en.

MEISSEN, an ancient and ihiportant industrial town

of Saxony is situated on the left bank of the Elbe, between

the streams Meisse and Triebisch, in the district and about

9 miles to the north-west of the town of Dresden. Its

irregular hilly site and numerous fine old buildings give

it a quaint and picturesque appearance, and most of the

streets are narrow and uneven. The cathedral, one ol

the finest Early Gothic edifices iu Germany, is con-

spicuously situated on the Schlossberg, 160 feet above the

town. It is said to have been, originally founded by the

emperor Otho I., but the present building was begun in

the 13th century, aud completed soon after 1400. The
lofty tower dates -from the 15th century. Within the

cathedral are the tombs of several Saxon princes of the

15th and 16th centuries, including those of Albert and
Ernest, the founders of the present reining lines. Ad-
joining the cathedral stands the castle, dating originally

from 1473-81, but restored and named Albrechtsburg in

1676. Another thorough restoration was undertaken in

1863, when a series of historical frescos by celebrated

modern artists was begun upon its walls. An old stone

bridge of the 13th century connects the Schlossberg with

the Afraberg, which owes its name to the old convent of

St .\fra. The convent was suppressed by Duke Maurice

in 1543, and converted into the "Fiirstenschule," one of

the most renowned schools in German)', counting Lessing

and Gellert among its former pupils. The other chief

buildings are the town-house, built in 1479, and restored in

1875; the fine old town chyrch, also called the Fraucn-

kirclia or Mnrienkirche ; and the churches of St Francis,

St Nicholas (coeval with the town), and St Afni. Since

1710, immediately after Bottcher's great discovery,

Meissen has been the seat of the manufacture of the so-

called Dresden china. Till 1863 the porcelain factory

was in the Albrechtsburg, but in that year it was
transferred to a large new building in the Triebisch-

thal, close to the town, where about sir hundred
and seventy hands are now employed. Meissen also

contains iron foundries, manufactories of earthenware
stoves and pottery, a jute-mill, sugar refineries, breweries,
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fanneiies. etc. A considerable trade is carried on in

the wine produced in the surrounding vineyards. The
poimlatiou in 1880 was U,166.

Jreissen. one of the oUIcst anJ most interesting towns in Saxony,
was founded by the emperor Henry I. in 928 as an outpost against
the Wends, and liecanie the capital ofa margiaviate, which was after-

wards merged in the duchy of Saxony. Its margraves were among
tlie<most powerful niedia;val .princes in Germany, and were the
direct ancestors of the present royal house of Saxony. From 96.'i

lilllSSl Meissen was also tlie seat of an important line of bishops,
who ranked as princes of the empire. The town sndered greatly
from tlie Hussites in the 15th century, and it wa.s captured by the
imperial troops in the war of the Snialkaldiau League, and again
in the Thirty Years' War. In 1637 it was severely handled by the
Swedes, and in 1745 it fell into the hands of the Prussians.

See Dit Siadt iltiMm md ihrt Vmgnijend, 1855 ; and H. Ilerbst's PeaUisdar
ifegiteiser dunti die, Sindl iltissen. 18:«.

MEKOXG, Mekiiong, or Makong, less frequently
Nam-Kqng, the Da-Kio of the' Tibetans, the Lautsang-
Kiang or Lankiang of the Chinese, and the Son-Kong of

the Anamese, "sometimes also called the Cambodia or

Camboja, is one of the largest and most remarkable rivers

of soutlietn Asia. As it rises in Tibet, probably about
34° N. lat. and 94° E. long., and reaches the China Sea
about 10° N. lat., after a somewhat devious course tlirough

Yunnan, Burmali, Siam, Cambodia, and Cocliin-Cliina, its

total course may be safely stated at 2000 miles. In spite,

however, of this great length, the Mekong must be
regarded as little more tlian a mountain torrent on an
unusually large scale. It certainly forms a very extensive

delta (see Cochix-China, vol. vi. pp. 93, 94), and is

navigable for steamboats as far up as Cratieh (about 280
miles from the river mouth), but navigation soon becomes
difficult, no't through want of water, but from the great

irregularity of the bed. At Stung-Srreng ,tlie river

measures about 2 leagues from batik to bank, and its

current is strong even to violence; it "twists into the

sharpest eddies, and drives against the banks with fury."

A little higher up are the great cataracts of Kong.
JJeyond these' the channel again becomes navigable as far

as Bassac, when it is still about 6500 feet in width ; but

tcfore long the banks close in and the river, narrowed to

obout 900 feet, pours along a current of extraordinary depth.

Above l{hemarat the rapids again begin. At Paklay,

Mouhot describes the ilekong as larger than the Menam
at Bangkok, forcing its way between the lofty mountains

with a noise like the roaring of the sea. About 130

miles farther up, at Luang-Prabang, it has again an unob-

structed channel about 3000 feet wide; above Sien-kong'

the river winds through a magnificent plain ; but soon

afterwards, in spite of its volume of' water, it becomes less

navigable than befora The great Freuch expedition of

18G6-67 touched Its course only at one place higher up,

Sien-hong ; but other travellers have crossed it at various

points in Yunnan. Mr Grosvenor found it, near Yung-feng-

chang, at a height of 4700 feet above the sea, a stream of

from 60 to SO yards wide, flowing smoothly and steadily in

the floor of a deeji gorge (see Coleborne Baker, " Trav. and

Pies, in Western China," Roy. Geog. Soe. Siippl. Papers,

1882). It is there crossed by an iron suspension bridge, of

Chinese workmanshiii, consisting of twelve chains with links

about 1 foot long (see Gill, River of Golden. Sand, vol. ii. p.

330). ;. Higher up, near Tse-ku mission-station, lies the ter-

rific defile to which Coojier {Trav. of a Pioneer CfJ' Commerce;

1871) gave the name of Hogg's Gorge. The head waters

of the Mekong have never been traced to their source;

"ont Hnc and Gabet saw the confluence of the two main

branches at Tsiarado (32° N. lat.), and the abbe Desgodins

has followed the stream from that point down to Y'e-tche in

27' 20' N. lat (see La Jlissioii dii Thibet, Paris, 1872, and

the abb6's papers in Bull. Soc. Geog., 1871, 1875, 1876, ana

.1877). At Yerkalo be observed a curious phenomenon : ,a

number of wells from 12 to 24 feet deep were suni£ dowt?

among the granite pebbles which form the bed of the river,

just above mean-water mark; and they all yielded water

with a greater or less degree of saltness and warmth.
They are covered when the river is in full flood. The river

basin in all the .upper section is extremely narrow, being

separated by long lines of high mountains from the valley

of the Sahvin on the west and from that of the Chin-sha-

kiang or Piivfer of Golden Sands on the east. Not till the

comparatively low country of Siam is reached are there

any affluents of considerable, size. The most ilnportant are

the Se-mun and the Udong on the right, and the Attopeu

or Se-Kong on the left. The Se-miln or Ubon river was
explored as far as Korat by the Lagree expedition, and its

tributary the Se-d6m has been followed by Dr Ilarniand

(Bull. Soc. Geog., 1877). Both streams have a rapid and
interrupted course. Like the Nile, the Mekong ig subject

to a great aiinual_ inundation, described as early as the

IGlh century by Camoens, who calls the river Mecom. At
some places the difference between flood-mark and ordinary

level is from 35 to 40 feet (see Cochin-China,). The first

Europeans to make true acquaintance with the river course

were the Dutchman Wustboff pnd his fellow ambassadors,

who in 1641 ascended as far as Winkyan, i.e., Vienchang;
their narrative is given by A^alentijn, and might have been
enough to suggest that the Mekong could not foim a trade

route to the interior. For the French exploration which
finally settled the question, see Garnier's Expedition, lac,

1873, and the notice of Gamier in vol. x. p. 82.

MELA, PoMPONius,. a Roman writer on geography.
His little work, though a mere compendium, ig the only
systematic treatise on the subject preserved to us in the

Latin language, with the exception of that which forms
part of the encyclopsdic work of tHe elder Pliny, and
from tills circumstance it derives a value to which it would
be little entitled from its intrinsic merits. Nothing it

known of the author except his name, and that he was
born, as he himself informs us, at a small town called

Tingentera in the south of Spain. But the date of his

work may be fixed with little doubt from an allusion in

the preface to a proposed expedition of the reigning

emperor to Britain, which can hardly be referred to any
other event than the visit to that island of the emperor
Claudius in 43 a.d. This conclusion is accepted by all

the recent editors; the view of some earlier scholars, who
understood this passage as referring to tlie expedition of

Julius Cassar, is clearly disproved by the mention of

several facts which were not anterior to the reign of

Augustus. The little treatise is not only a mere abridg-

ment, occupying, less than one hundred pages of ordinary

print, but is so deficient in method and systematic character

that we should have supposed it to be little more than a
mere schoolbook, were it not Ihat-we find the name of the

author figuring in a prominent manner among the authori-

ties cited by Pliny for the geographical books of his vast

compilation.

His general views of the geography of the earth do not

differ materially from those which .were current iamong

Greek writers from the time of Eratosthenes to that of

Strabo, and are well known to us from the great work of

the latter author, which was, however, in all probability

unknown to Mela, as it certainly was to Pliny. But in

one of his views he stands alone among ancient writers on
geography, that; after describing the division of the earth

into five zones, of which two only were inhabitable, he

states as an undoubted fact the existence of andchthones,

who inhabited the southern temperate zone, but were

inaccessible and consequently unknown to the inhabitants

of the corresponding zone in the north, on account of the

excessive heat of tl)B_iutcrvening torrid zone. _ His views
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•f the division and boundaries of tae three continents of

Europe, Asia, and Africa coincide with those of Erato-

Bthenes; and, in common with all ancient geographers from

the time of Alexander to that of Ptnlemy, he regarded the

Caspian Sea as an inlet from the Northern Ocean, corre-

sponding to the Persian Gulf on the south. His ideas

concerning India are extremely confused and imperfect,

—

altogether inferior to those possessed by Greek writers long

before ; he follows Eratosthenes in supposing that country

to occupy the south-eastern aiigle of Asia, whence the coast

trended northwards to Scythia, and then swept round

to the westward to the opening of the Caspian Sea. As
usual he places the Rbipaean Mountains and the Hyper-

boreans near the Scythian Ocean, which he of course con-

nects with that supposed to exist to the north of Europe.

With regard to the west of Europe, on the other hand,

his knowledge was somewhat in advance of the Greek

geographers, as might be expected from the extension of

the Roman dominion and civilization in that quarter, and

from a writer who was himself a native of Spain. Accord-

ingly we find him possessing a more accurate idea than

either Eratosthenes or Strabo of the western coast-line of

Spain and Gaul, and its deep indentation by a gulf (the

Bay of Biscay) between the projecting headlands of the

two countries. Of Britain, on the contrary, he has little

to tell us, beyond what we find in Caesar or Strabo, though

he appears to have had a clearer idea of the position of the

British Islands than the Greek geographer. He is also

the first ancient writer who mentions the name of the

Orcades- or Orkneys, which he correctly describes as a

large group of islands to the north of Britain. Of the

north of Europe his knowledge was still utterly imperfect

;

but he had a vague notion of the existence to the north of

Germany of -a large bay, which he calls Codanus Sinus,

containing many islands, large and small, among which was

one much larger than the rest, which ho calls Codanovia,'

—

evidently the same name that reappears in Pliny under the

form Scandinavia, which has been attached by modern
writers to the great northern peninsula of Europe.

The method followed by Mela in describing the three

continents is peculiar and inconvenient. Instead of treat-

ing each continent separately, aud describing the countries

included in it, be begins at the Strait of the Columns (the

Straits of Gibraltar), which was close to his own birthplace,

and describes the countries adjoining theisouth coast of the

Mediterranean from Mauretania to Egypt, and .afterwards

those around the east coast of the same sea with its

tributiry the Euxine, and then back along the north of the

Mediterranean from Scythia to Gaul and Spain. He then

begins again with the countries bordering the western and
northern ocean from Spain and Gaul round to India, and
from thenco by Persia and Arabia to the Ethiopians, and
thence again round Africa to the straits from which he
began. In common with most ancient geographers, he
considered Africa as surrounded by the sea, but had a very
inadequate idea of its extent towards the south.

Tho first edition of Poinponiua Meliv wn3 published in 1471, nnd
it was very often n-piinteJ in the 15tli and 16tli centuries. Tho
edition of Vos3 in 1058, with a valunblo. commentary, became tho
foundation of all tho subsequent editions, of which those by Gron-
ovius (in 1685 and 17J2) are among the best-known and most use-

ful. The .edition by Tzschuckc, in 6 vols. 8vo (ISOti), contains an
overwhelminj; mass of notes and commentaries, but by fur the best

text is that of the recent edition by G. I'artboy (Berlin, 1867), who
has in man. instances restored tho original readings, which had
been displaced by tlio conjectures of Voss and others. (E. H. B.

)

MELANCHTHON, Philip (1497-1560), was born at

Bretten, a town of tho lower Palatinate, on Februury 16,

1497. His father, George Schwartzerd, was a kinsman of

the famous Reuchlin, and by profession an armourer or

commissary of artillery under the Palatinate princes.

Ui« mother. Barbara Heuter, was a thrifty housewife and

affectionate parent, whose pious character is evidenced by

a well-known Gorman rhyme, of which sLa is the reputed

author, beginning Alviosen geben armet nickt. His mother's

father, John Reuter, who was for many years mayor of

Bretten, charged himself with the education of Philip.

Taught first by John Hungarus, then by George Simler

at the academy of Pfortzheim, where he lived in the bouse

of Reuchlin's sister, young Schwartzerd exhibited remark-

able precocity, and speedily won the regard of Reuchlin,

who dubbed him Melanchthon (the Greek form of Schwartz-

erd), according to the fashion of that age. He lived two

years at Heidelberg, and the next three at Reuchlin's

university of Tubingen, where he studied law, medicine,

and theology, taking his doctor's degree in 1514. He
began soon after to give public lectures on rhetoric, and
to comment on Virgil aud Terence, and ere long it be-

came known among European scholars that anew brilliant

star of learning had risen on the horizon, Erasmus pro-

phesying that he would himself be speedily eclipsed. In

1518, on Reuchlin's recommendation, Melanchthon was
appointed by the elector of Saxony professor of Greek in

the university of Wittenberg. This appoiutment marked
an epoch in German university education ; Wittenberg

became the school of the nation ; the scholastic methods of

instruction were summarily set aside, and in a Discourse

on Reforming Ike Studies of Youth Melanchthon gave proof,

not only that he had thoroughly caught the Renaissance

spirit, but that he was fitted to become one of its foremost

leaders. He began to lecture on Homer and the Epistle

to Titus, and in connexion with the former he announced
that, like Solomon, he sought Tyrian brass and gems for the

adornment of God's temple. Luther higiself received a
fresh impulse towards the study of Greek, and his transla-

tion of the Scriptures, begun as early as 1517, now made
rapid progress, Melanchthon helping to collate the Greek
versions and revising Luther's translation. Melanchthon
on his part felt the spell of Luther's large personality and
spiritual depth, and he seems to have been prepared on
his first arrival at Wittenberg to accept the new theologj',

which indeed as yet existed mainly in subjective form, and

as a living spiritual force, in the person of Luther. To
reduce it to an objective system, to exhibit it dialectically,

the calmer mind of Melanchthon, with its architectural

faculty and delicate moral tact, was requisite. Theologi-

cally it is impossible to separate ilelanchthon from Luther;
" the miner's son drew forth the metal, the armourer's son

fashioned it." Luther, in whom courage and energy were
too much akin to violence and zealous decision to narrow
intolerance, and Jlolanchthon, whose calm deliberation was
apt to degenerate into vacillation and whose conciliatory

temperament was too much allied to timidity, were each
the fit complement of the other.

Melanchthon was first drawn into the arena of the
Reformation controversy through the Leipsic discussion,

of which ho was an eager spectator. He had been sharply
reproved by Dr Eck for giving aid to Carlstadt ("Tace tu,

Philippe, ac tua studia cura nee me perturba "), and he
was shortly afterwards himself attacked by the blustering

Ingolstadt doctor. Melanchthon replied in a brief treatise

—a model of Christian moderation—setting forth Luther's
first principle of the supreme authority of Scripture ip.

opposition to the patristic writings on which Eck so boast-
fully relied. His marriage in 1520 to Catherine Krapp
of Wittenberg increased his own happiness, and gave a
domestic centre to the Reformation. In 1521, during
Luther'sconfinemeiit in the Wartburg, Melanchthon occupied
the important position of leader of the Reformation cause
nt the university. He defended the action of the Augus-
tinian monks when they substituted for the celebration
of the mass the sacrament of the supper partaken of by

XV. — 105
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the people under both kinds ; but, on the advent of the

Anabaptist enthusiasts of Zwickau, he had a still more

difficult pait to play. Melanchthos was irresolute. In

their attacks upon 'infant baptism they seemed to him to

have hit upon a " weak point " ; and in regard to their

claim to personal inspiration his position was summed up

in his own words, " Luther alone can decide ; on the one

hand let us beware of quenching the Spirit of God, and on

the other of being led astray by the spirit of Satan." In

the same year he published his Loci Commtaws Ra-iim

'rheologicarum.

After the first diet of Spires (1526), where a precarious

peace was patched up for the Kefornied faith, Melanchthon

was deputed as one of tweuty-eight commissioners to visit

the Reformed states and regulate the constitution of

churches, he having just published a famous treatise called

the Libdlus Visitn(orius, a directory for the use of tlie

commissionere. At the Marburg conference (1529) between

the German and Swiss Reformers, Luther was pitted against

CEcolampadiiis and Melanchthon against Zwingli in the

discussion regarding the real presence in the sacrament.

How far the candid conciliatory spirit of Melanchthon was

biassed by Luther's intolerance is evident from the exagger-

ated and inaccurate accounts of the conference written by

the former to the elector of Saxony. At the diet of

Augsburg (1530) Melanchthon was the leading representa-

tive of the Reformation. With anxiety and tears he drew

up for that diet the seventeen articles of the evangelical

faith, which arc known as the "Augsburg Confession."

He held conferences with Romish divines appointed to

adjust differences, and afterwards wrote an Apulogy for

the Augsburg Confession. After the Augsburg conference

further attempts were made to settle the Reformation

controversy by a compromise, and !Melanchthon, from

his conciliatory spirit and facility of access, appeared

to the Romanists the fittest of the Reformers to deal

with. His Jiistorical instinct led him ever to revert to

the original unity of the church, and to regard subse-

quent Romish errors as excrescences rather than proofs

of nn essentially anti-Christian system. He was weary

of the rahies theologorum, and fondly dreamed that the

evangelical leaven, if simply tolerated, would at length

purify the church's life and doctrine. In 1537, when

the Protestant divines signed the Lutheran Articles of

Smalkald, Jlelanchthon appended to his signature the

reservation that he would admit of a pop^ provided he

allowed the gospel and did not claim to rule by divine right.

The year after Luther's death, when the battle of

Miihlberg (1547) had given a seemingly crushing blow to

the Protestant cause, an attempt was made to weld together

the iron and clay ",of the evangelical and the papal doctrines,

which resulted in the compilation by Pflug, Sidonius, and

Agricola of the Augsburg "Interim." This was proposed

to the two parties in Germany as a provisional ground

of agreement till the decision of the council of Trent.

Melanchthon, on being referred to, declared equivocally

that, though the Interim was inadmissible, yet so far as

matters of indifference (adiaphora) were concerned it might

be received. Hence arose that " adiaphoristic " controversy

in connexion with which he has been misrepresented as

huldhig among matters of indifference such cardinal

doctrines as justification by faith, the number of the

sacraments, as well as the dominion of the pope, feast-days,

and so on. The fact is that, in these tentative negotiations,

Meknchthon sought, not really to minimize differences, but

to veil them under an intentional obscurity of expression.

Thus he allowed the necessity of good works to salva-

tion, but not in the Romish sense, proposed to allow the

seven sacraments, but only as rites which had no inherent

efficacy to salvation, and so on. He afterwards retracted

his compliance with the adiaphora, and never ready
swerved from the views set forth in the Loci Conuniines

;

but he regarded the surrender of more perfect for less

perfect forms of truth or of expression as a painful sacrifice

rendered to the weakness of erring brethren. Luther,

thougli he had uttered certain expressions of dissatisfaction

with Melanchthon, and had more keenly defended in his

last years what was distinctively his own, yet maintained
hearty and unbroken friendship with him ; but after

Luther's death certain smaller men arose in name of Luther
who formed a party emphasizing the extreniest points of the

doctrine of the latter. Hence the later years of ^lelanch-

thou were much occupied with acrid controversies within

the evangelical church ; an account of these, however,

would be out of place here. His last years were spent in

fruitless conferences with his Romanist adversaries, and
amid various controversies among the Reformed, but the

flame of his piety burnt brightly till the close. He died

in his sixty-third year, on the 19th April 15C0, and Lis

body was laid beside that of Martin Luther.

Melaiiclitlion's ever ready pen, clear thought, and elegant etyle

made liiiii llic scribe of tJie jiefoimation, most public documents on
that side being drawn up by liim. He never attained entire in-

dependence of Luther, tnongh lie gradually modified some of his

positions from those of the pure Lutherisni with which he set out.

His development is chiefly noteworthy in regard to these two lead-

ing points—the relation of the cvcmgclium or doctrine of free grace

(1) to free will and moral ability, and (2) to the law and paniicntia

or the good works connected with repentance. At first Luther's

cardinal doctrine of grace appeared to Jlelanchthon inconsistent

with any view of free will ; and, following Luther, ho renounced
jVristotle and ))hilosophy in general, since " philoaoidicrs attribute

everything to huxuau power, while the sacred writings represent

all moral power as lost by the fall.". In the first edition of the

Loci (1521) he held, to the length of fatalism, the Augustinian
doctrine of irresistible grace, working according to God's immutable
decrees, and denied freedom of will in matters civil and religious

alike. In the Augsburg Confession (1530), which was largely due
to him, freedom is claimed for the will in non-religious matters,

and in the Loci of 1533 he calls the denial of freedom Stoicism,

and holds tliat in justification there is a certain causality, though
not worthiness, in the recipient .subordinate to the Divine causality.

In 1536, combating Laurentius Valla, he did not deny the spiritual

incapacity of the will ^"^r se, but held that this is strengthened

by the word of God, to which it can cleave. The will co-operates

with the word and the Holy Spirit. Finally, in. 1543, he says that

the cause of the difference of final destiny among men lies in the

different method of treating grace which is possible to believers as

to others. Jlan may pray for help and reject grace. This he calls

free will, as th. power of laying hold of giacc. Melanchthon's

doctrine of the three concurrent causes in conversion, viz., the

Holy Spirit, the word, and the human will, suggested the semi-

Pelagian position called Synergism, which was lield by some of his

immediate followers.

In regard to the relation of grace to repentance and good works,

Luther was disposed to make faith itself the principle of sanctifi-

cation. Melanchthon, however, for whom ethics possessed a special

interest, laid more stress on the law-. He began to do this in 1527

in the LibcUus Visitatorius, which urged pastors to instruct^JJieir

people in the necessity of repentance, and to bring the tlire.itenmgs

of the law to bear upon men in order to faith. This.brought down
upon him the opposition of the Antinomian John Agricola. In the

Loci of 1535 Melanchthon sought to put the fact of the co-existence

of justification and good works in the believer on a secure basis by

declaring the latter necessary to eternal life, though the believer's

destiny thereto is already fully guaranteed in his justification. In

the Loci of 1513 he did not retain the doctrine of the necessity of

good works in order to salvation, and to this he added, in the Leipsic

Interim, "that this iu no way countenances the error that eternal

life is merited by the worthiness of our own works." Melanchthon

was led gr.tdually to lay more and more stress upon the law and

moral ideas; but the basis of the relation of faith and good works

was never clearly brought out by him, and he at length fell back on

his original position that we have justification and inheritance of

bliss in and by Christ alone, and that good works are necessary by

reason of immutable Divine command.
Metanchdion's life lias been written by C>imerariii3. See also ^tattties, Ph.

ilelartchtlioit, tfin Lehen urid WiHtn, 1841; GaUe, Charaktet'iHik Mdanctitfiotia

ah Tfieotogeit, nii\\e,1Si5 ; Roiiic's Ge(fac/itniisredeau/Atefti7iifithoji,'lbtjO; Nit7sc)i.

MdancMhon, 1860 ; Schmidt, Itelanrhllicns I.-hm, ISM. There is a biography

In Enjilish by F. A. Cox, 2d ed., London, 1817. The worlts of ^lelonchthon.

includinc his eorrespondence. me contained in the voluminous Corpus Itr/nruia-

(oroni, edited by BictschneWer and Bindeeil. (J. \V1.)
.



M E L— M E L 83c

MELANlCBIA- This term ctraipriseB that long belt of

island groups which, begiuning in the Indian archipelago

at the east limits of the region thcro occupied by the JIalay

race, and, as it were, a prolongation of that great island

region, runs south-east for a distance of some 3500 English

miles, i.e., from New Guinea at the equator, in 130' E. long.,

to New Caledonia just within the Tropic, 167° E. long., and
eastwards to Fiji, in 180'. Tliis chain of groups has a
.«rtain geographical as well as ethnical unity. Its curve

follows roughly the outline of the Aaitralian ooast, and
large islands occur, with a number of small ones, along

the-whole length, with mountains of considerable height,

coinciding pretty closely with a line of volcanic action.

Melanesia is usually held to begin with New Guinea, this

great island being then viewed as the headquarters of that

dark Papuan race which, widely und variously modified

in all the other groups, occupies the whole region, as the

name Melanesia implies ; but the race really extends

farther west, for the large islands Floras and Timor, with

several smaller ones, are also essentially Papuan.

New Guinea, 1490 miles long, and containing abont
303,000 square miles, the largest island in the world after

Australia, is clothed with almost impenetrable forests,

through which mountain ranges rise to a height of 13,000
feet. Parallel to its longer axis, 150 miles to the north, are

the Admiralty Islands, all small, with one exception, in

which the hills rise to IGOO feet, and which is probably

of volcanic origin, as the natives use spearheads and imple-

ments of obsidian. A Polynesian element seems to be

present, and customs peculiar to both races have been

observed. Mr H. N. Moseley, of the " Challenger," found
them shrewd but honest traders, with much artistic skill

in their carvings and designs. They have numerals up to

10, with an idiom for 8 and 9, viz., 10-2 and 10-1, which
is found also at Yap in the Carolines, and in the Marshall

Islands.

Next follow, east, the two large islands of New Britain,

about 340 by 23 English miles, with active volcanoes up to

4000 feet, and New Ireland, about 240 by 22 miles. Next
comes the Solomon group, 600 English miles in length,

with seven large islands from 135 to 90 miles long, ail

running north-west and south-east, with volcanic peaks up
to 6000 feet. The forms more characteristic of the New
Guinea fauna do not extend beyond this group. Its forest

vegetation is especially luxuriant. Then comes Santa
Cruz, a small groujj partly voldanic, but with nnmerons coral

reef islands. Then the Banks and New Hebrides group,

over 500 English miles in length, all volcanic except the

Torres reef islands in tlie north. Several spots in this group
are occupied by people of purely Polynesian race, immigrants
apparently from the eastward. Two hundred miles south-

west from the New Hebrides lies the island of New Cale-

donia, about 240 by 25 English miles. It is in parts very
mountainous, rising to 5380 feet, the rocks being sedi-

mentary and plutonic, but there are no volcanoes. It lies

half way between Australia and Fiji, 700 miles from each.

Being outside the equatorial belt, it is much drier and more
barren than the other groups, and its fauna and flora have
many Australian and Polynesian affinities. The small
Loyalty chain lies 70 miles ea-'t of New Caledonia, and
parallel to it Fiji is detached from the other Melanesian
groups, and differs from them in various particulars. It

consists of two large and abont 300 small islands, the
total area being about 7400 square miles.

Of the two great Pacific races—the brown Polynesian,
and the dark Melanesian—the former, considering the
vast region it occupies, is singularly homogeneous both
in appearance and language, whereas in Melanesia even
neighbouring tribes differ widely from each other in both
respects. Still, all the Melanesians have certain common

characteristics whic'i distiaguish lhe!t> sharply from thb

other race. They stand at a lower level of civilization, as

is well seen at certain spots in Melanesia where isolated

Polynesian settlements exist, due probably to ^voluntary

migration, and where the two races, though they'have^ome

peculiar customs i-n common, live in bitter mutual hostility.

The Melanesians are mostly "negroid" in appearance,

nearly black, with crisp curly hair elaborately dressed; the

women hold a much lower position than among the Poly-

nesians; their institutions, social, political, and religious,

are simpler, their manners ruder and often indecent; they

have few or no traditions ; cannibalism, in different degrees,

is almost universal ; but their artistic skill and taste, as

with some of the lower African negroes, are remarkable,

and they are amenable to discipline and fair treatment.'

Their languages, amid considerable differences, which, as

between the INIelanesian proper and the Papuan, are very

wide, have features which mark them off clearly from the

Polynesian, notwithstanding certain fundamental relations

with the latter.

The various Melanesian groups will bp found described

in detail under separate headings.

MELBOUENE, the capital of the colony of "Victoria,

and the most populous city in Australia, is situated at

the head of the large bay of Port Phillip, on its northern

bend known as Hobson's Bay, about 500 miles S.TV. of

Sydney by land and 770 by sea, the position of the

observatory being 37° 49' 53' 6. lat. and 144° 58' 42"

E. long. Along the shores of the bay the suburbs

V<*'*»'>-'^-''o *'

Seals tf Swam UOm K^<^^y'

rviit I'hillip and Ijivirons of Mtlbouriie.

extend for a distance of over 10 miles, but the part

distinctively known as the " city " occupies a site about

3 miles inland on the north bank of the Yarra river.

The appearance of Melbourne from the sea is by no

means picturesque. The shipping suburbs ol Sandridge

and Williamstown occupy the alluvial land at the mouth
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of the Yarra, and, as the district is low and flat, and covered
with factories, the prospect is not 'nviting. But the city

it?elf has a very different aspect : its situation is relieved

by numerous gentle hills, which show off to great advantage
its fine public buildings ; its streets are wide and well

kept ; and the universal appearance of prosperity, activitj',

and comfort under its usually clear blue sky impresses the
visitor favourably.

That part specially known as the " city '' Lad a popula-

tion in 18S1 of 65,800. It occupies the two hills of East
Melbourne and West Melbourne ; the valley that separates

them, once occupied by a densely wooded little stream, is

now partly filled in, and forms the busy thoroughfare of

Elizabeth Street
; parallel to this runs Swanston Street,

and at right angles to these, and parallel to the river, ate

Bourke Street, Collins Street, aud Flinders Street,—the

first being the busiest in Melbourne, the second containing

the most fashionable shops, aud the thirfl, which faces the

river, being given over to maritime pursuits. These
streets are the eighth of a mile apart ; between them are

narrower streets occupied by warehouses and business

premises.

Round the "city" lies a circle of populous suburbs.

Xorth-east is Fitzroy with 23,000 inhabitants ; farther

east, Collingwood, 24,000 ; east of Melbourne, Richmond,
23,400; south-east, Prahran, 21,000; south, Emerald Hill,

25,300; south-west, Sandridge, 8700; north-west, Hotham,
17,800. These all lie within three miles of the general

Plan of Melbourne.

3. Houses of Parliament,
2. Treasury.
3. Government Offices.

4. St Patrtck's CathedraL

5. St Pstrick's College.

6. Sco'ch Church.
7. Scotch College.

8. Opera House.

9. Academy of Music.
10. Theatre Royal.
11. Princes Theatre.
12. Post-Offlce.

13. Town-Hall.
14. Hospital.

15. Pubhc Library, Ac.
16. Jail.

17. University.

18. Mint.
19. Law Courts.
20. Custom House.

121.
Anglican Cathedral.

22. Governor's House.
23. Observatory.

I
post-office in Eliziibetli Street ; but outsiJe of them, and

within a radius of 5 miles, there is a circle of less populous

suburbs: to the north, Brunswick, 6200; east, Kew, 4200,

and Hawthorn, GOOO ; south-east, St Kilda, 11,600, and
Brighton, 4700 ; south-west, Willlamstown, 9000, and
Footscray, 6000 ; north-west, Essenden and Flemington,

5000. Numerous smaller suburbs fill up the spaces be-

tween these,—the principal being Northcote, Preston,

Camberwell, Toorak, Caulfield, Elsternwick, and Coburg,
with a united population of 19,000.

Fifteen of these suburbs rank as independent muni-
cipalities, and many of them have streets which for

importance rival the main streets of the city.

The following table shows the growth of the population

since 1851 :

—
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oilJ gar34h3 are so numero'ia tlint with only one-thirteenth

of the population of London it occupies very nearly half

as great an area.

The public buildings are generally situated on positions

from which they are seen to advantage. The Parliament

Houses form a great pile of brickwork with four fronts

in freestone, of which the main front is not yet com-

pleted ; the interior decorations are highly elaborate.

The Treasury is a well-proportioned building in free-

stone ; behind it stands a vast building known as the

Government offices. On the hill of West Melbourne

there is a large structure, newly erected, for the law

courts ; it has four very handsome fronts, each about

300 feet in length, and the whole is surmounted by a

lofty cupola, in the manner of the Capitol at Washington.

The public library in Swanston Street forms one of four

fronts of a building which was projected on a grand scale,

but has never been completed. Much of the interior has

been erected, but of the fronts only the main one is yet in

existence, its cost having been £111,000. The lower

story is devoted to sculpture; on one side there are casts

of all the most famous statues ; on the other there is a

small collection of original works by modern sculptors,

together with a gallery containing 8000 engravings and

photographs ; to the rear is the picture gallery, a very

handsome hall, with oil paintings, chosen from the works

of living artists. Another of the interior portioris of the

building is occupied by the technological museum, in

which are arranged about 30,000 specimens illustrative

of the industrial arts. The upper story of the front is

devoted to the library, which occupies a chamber 240 feet

long; 22 recesses contain each its own special branch of

literature, the total number of volumes being 112,000.

The book shelves rise to a height of 20 feet, but they are

divided by a narrow gallery which runs all round the room,

and gives access to the upper tiers. The library is open to

the public ; and every visitor ranges at will, being bound

by the two conditions only that he is to replace each

book where he found it, and that he is to preserve

strict silence. During 1881 there were 2G1,88G visits

made to the room.

The Melbourne University is a. picturesque, but by no

means imposing mass of buildings, buried among the trees

of extensive and well-kept grounds about a mile from the

heart of the city. In front of it stands the " Wilson Hall,"

erected at a cost of £40,000. Behind is the National

Museum, containing collections of specimens of natural

history. The museum, like all public places in Melbourne,

is freely open to the people. About 98,000 visitors

entered it in 1881. The university has a staff of 10

professors and 12 lecturers, with about 400 students.

There are four courses open to students : arts, law, medi-

cine, and yivil engineering. Affiliated to the Melbourne

University are the two denominational colleges. Trinity

and Ormond, in which about 80 students reside, and

where provision is made for in,"=truotion in theology.

The Exhibition building consists of a nave 500 feet long

and IGO feet broad, surmounted by a dome, with two

annexes each 4G0 feet long. These are built in brick with

cement facings. The mint is a very handsome quadrangle,

erected in 1872. In the year 1881 there were three

millions of sovereigns coined in it, making a total of sixteen

millions since its erection. The governor's residence is

a large building on a hill overlooking the Varra. The

general post-ollice forms only half of a magniticent pile

of buildings which will, when completed, include the

central telegraph office.

The town-hall, at the corner of Swanston Street and

Collins Street, contains, besides the usual apartments for

municipal offices, a hall seated for nearly 3000 persons,

and fitted with a colossal organ, on which the city organist

performs two afternoons a week, the public being admitted
at a nominal charge. Hotham, Richmond, Emerald Hill,

Prahran, and Fitzroy have their own town- halls, all costly

and somewhat pretentious buildings.

The markets, erected at a cost of £80,000, stand in

Bourke Street. They are handsome in external appear-

ance, and ingeniously contrived for convenience within.

The observatory is a humble-looking building on the St
Kilda Pioad ; it contains an equatorial telescope, which had
for some years the distinction of being the largest in the!

world.

There are two railway stations, one being the terminus
of all the country lines, and the other devoted to sub-

urban traffic. The suburbs of \Mlliamstown, Sandridge,

Footscray, St Kilda, Emerald Hill, Brighton, Elsternwick,

Hawthorn, Piichmond, and Essendon are connected by rail

with the city.

The Melbourne Hospital is in the form of an extensive

series of brick buildings, situated close to the public

library. There are beds for about 300 patients. The
Alfred Hospital, on the St Kilda Road, was built in com-
memoration of the visit of Prince Alfred; it has beds for

nearly 100 patients. The lying-in hospital can accom-
modate G2 per.^ons. The blind asylum has over 100
inmates ; and there are a deaf and dumb asylum, an im-

migrants' home, and other charitable institutions.

Melbourne contains many churches, but few of them
will compare with the public buildings in appearance.

The Roman Catholic cathedral of St Patrick, when com-
pleted, will, however, be a conspicuous ornament to the

city. The Anglican cathedral, now (1882) in the course

of erection, is to cost about £100,000. The most striking

ecclesiastical building is the Scotch church in Collins

Street, which divides with Ormond College and the

Wilson Hall the honour of being the finest specimen of

architecture in the city.

There are in Melbourne, among its numerous state

schools, about thirty whose size and proportions entitle them
to rank with the architectural ornaments of the city. They
have each accommodation for from GOO to 2000 scholars.

Abundant provision has been made for secondary in-

struction by the denominations and by private enterprise.

The Scotch College and the Presbyterian Ladies' College,

the Wesley College and the Wesleyan Ladies' College,

the Church of England Grammar School, St Patrick's

College and St Francis Xavier's Cpllege, are all connected

with the churches ; and there are besides between twenty

and thirty good private grammar schools.

Melbourne contains the offices of numerous banks, sav-

ings banks, and building societies.

The iiarks and public gardens of Melbourne are exten-

sive and handsome. Within the city proper there are

four gardens, which have been decorated with a lavish

expenditure. The Fitzroy Gardens are one dense network

of avenues of oak, elm, and plane, with a " fern-tree gully
"

in the middle. Casts of famous statues abound ; and

ponds, fountains, rustic houses, and small buildings after

the design of Greek temples give a variety to the scene.

The Treasury, Flagstaff, and Carlton Gardens are of thel

same class, but less costly in their decorations. Around

the central city there lie five great parks. The Royal

Park, of about 600 acres, is lightly timbered with the

original gum trees ; some portions of open land are used

for recreation. About 30 acres in the centre are beauti-

fully laid out to accommodate a very superior zoological

collection. The Yarra Park, of about 300 acres, contains

the leading cricket grounds ; of these the " Melbourne " is

the chief, distinguished by its very large stand and the

excellence of its pitch. The Botanic Gardens occupy
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about 200 acres of land, sloping down to the backs of the

liver, and laid out with great taste and skill. Albert

I'ark, about 500 acres in extent, is uot so elaborately laid

out, but contains a small lake, which is much used for

boating purposes, as the bay is stormy and exposed.

Studley Park, a favourite place for picnics, is a romantic

comer on a bend of the upper Yarra, of about 200 acres

extent, left entirely in a state of nature.

Besides these parks each suburb has its own "gardens"
of moderate exteat. At FleiiiingUin a large reserre is

devoted to racing purposes, where iu November tlie race

for the Melbourne Cup is held, the great racing carnival

of Australia, attended by about 100,000 persons.

The shipping of Melbourne is very considerable. In

1880 about 1500 vessels entered and cleared again, their

tonnage being 960,000. Nearly all the intercolonial and a

small proportion of tlie foreign vessels ascend the Yarra
and unload in tlie heart of tbe city. The river was
iriginally navigable for vessels of only 9 feet draught

;

but of late years the channel has been deepened so much
that vessels drawing 16 feet can ascend with safety.

Great works are now in operation by which the course is

to be straightened and further deepened ; and the quays
which line the river banks will be made accessible to the

large vessels which now have to lie in the bay off the

Sandridge and Williamstown piers.

Shipbuilding is a comparatively unimportant industry,

but a great deal of repairing is done ; the graving dock at

^villiamstown is able to hold the lai^est vessels which
enter the port.

The total values of the imports of Melbourne for 1879
(tnd 1880 were respectively £15,035,000 and £14,557,000,
and of the exports .£12 -t54-,000 ami £15,954,000.

In 1381 Melbounie contained 2469 factories, employ-
ing 38,1+1 hand.s, and converting .£8,012,745 worth of

raw material into £13,384,836 worth of finished articles.

The leading products are leather, flour, clothing, furniture,

boots, carriages, preserved meats, ales, soap, candles, cigars,

ironwork, jewellery, jams, confectionery, biscuits, and
woollens.

Tlie city is abundantly supplied with newspapers, inclad-

'ng three morning and three evening dailies. Two reviews
are published.

The climate of ilelbonme is exceptionally fine, the only
drawbaclc being the occasional hot winds which blow from
the north for two or three days at a time, and raise the
temperature to an uncomfortable extent. But the propor-
tion of da}'s when the sky is clear and the air dry and mild
is large. The mean annual temperature is 57", which
would make tlie climate of Melbourne analogous to that
ot Jladrid, Marseilles, or Verona, but without the extremes
experienced in those places. Snow falls every year in

Italy, while it is unknown in Melbourne ; and the highest

temperature reached there in summer is below that of the
cities mentioned.

As a field for emigration from European countries, Mel-
bourne offers many advantages to the industrious mechanic
or labourer.

The cost of living is about the same as ia London.
Hents are higher, and furniture and utensils dearer ; but
butcher meat, bread, and clothes are cheaper.

There is no city where more has been done for the
working-classes or where they have made so good a nse of
their advantages. Many of their efforts at government
(for they have all the power in their hands) have been ill-

advised, but individually they have exhibited a prudence
of which the community reaps the fruits. It is one of the^

peculiar features of Melbourne that about three out of

evei-y four mechanics who have reached middle life own
slta ceut cottages ihey occupy.

History.—The city of Melbourne is without except* on the most
striking instance of the aptitude of tlie Anglo-Sajion race for

colouization. It w«3 not till the opening years of the jirespiit

cnitury that the first European sailed through the narrow entrance

to Port Phillip, and it was only in 1S35 that the wh'to man made
his habitation there. In that year John F.iwkner ;EUed up the
Yarra in his little vessel the " Enterprise," laden with materials

for a settlement ; he was stopped by a slight waterfall in a valley

where dense groves of wsttle trees all in bloom loaded the air with
perfume, and where flocks of white cockatoos whirled aloft when
the first stroke of the axe resounded in the forest. This spot is

now tho centre of a great city 10 miles in length, 6 in breadtli,

covering an area of 45,000 acres, and peopled by 283,000 persons.

So rapid and solid a growth, at a distance from the mother country
of the whole extent of the earth, is an example of colonizing enter-

prise altogelhor without parallel.

The sfttltment was at first called by the native name
" Dootigala," but a desire for. distinguished patronage caused the
portion on the sea-shore, which was then esteemed the more
important, to be called " 'Williamstown," after King Vfilliam IV.,

^rtiile the little collection of hnts some 3 or 4 miles inland
was named ' Melbourne," in honour of the piime minister Lord
Melbourne.
For two years a constant stream of squatters with their sheep

flowed in from Tasmania; then nnmerons " overlanders " drove
their flocks from the Sydney side across the Murray and settled

near Port PhUlip. Captain Lonsdale w.is sent by the Sydney
Government to act as "'police magistrate, but in 1S3S ilr Latrobe
was placed in charge with the title of superintendent. As the
squatters prospered Melbonme increased in si2e, so that iu 1S41 it

contained 11,000 inhabitants. A period of depression occurred in

1843, followed by several years of the greatest prosperity, till, in

1851, gold was discovered in New South Wales. The district of

Port Phillip became infected by the excitement ; many parties

scoured that part of the country in search of the precious metal,

.•\Ed six weeks alter the fir^t discovery of it there the great riches of

BalUrat were made known. Within a year from that time a hun-
dred thousand men had landed in the colony in order to proceed t.>

the diggings ; for several years after the same number landed every

twelve months ; and Melbonme increased in population from 30,000
to 100,000 in the course of two or three years.

During the year of the gold discoveries, the Port Phillip district

was separated from JTew Soirth Wales, and formed into a separate

colony with the name Victoria. In 1S55 the British Govemment
granted to it a complete autonomy ; Melbourne became the capital

of the new colony. (A. SIT.

)

MELBOUENE, Williasi Lamb, secoxd Viscount
(I779-1S4B), second son of the first Viscount Melbourne,

was born 15th March 1779. After completing his course

at Trinity College, Cambridge, he studied law at the

university of Glasgow, entered Lincoln's Inn in 1797,

and was called to the bar iu 1804. In 1805 he married

Lady Caroline Ponsonby, daughter of the earl of Bess-

borough, who after her separation from him acquired

some fame as a novelist, and was also a friend of Lord

Byron. On entering parliament the same year Lamb
joined the opposition under Fox, of whom he was an

ardent admirer ; but his Liberal tendencies were never of

a very decided character, and he not unfrequently gave

his support to Lord Liverpool during that statesman's long

tenure of office. During the short ministry of Canning in

1 827 he was chief secretary for Ireland, but he afterwards

for a time adhered to the small remnant of the party who
supported the duke of Wellington. The influence of

Melbourne as a politician dates from his elevation to the

peerage in 1828. Disagreeing with the duke of WeUington
on the question of parliamentary reform, he in 1830
entered the ministry of Grey as home secretary. For the

discharge of the difficult and multifarious duties of this

office at such a critical time he was decidedly deficient

both in insight and in energy, but his political success

was totally independent of his official capacity ; and, when
the ministry of Grey was wrecked on the Irish question,

Melbourne was chosen to succeed him. Almost immedi-

ately he had to give place to a Conservative ministry under

Peel, but, the verdict of the country being in his favour,

he resumed office in 1835. The period of his ministry

was wholly uneventful, and for a considerable time before

he resigned in iSil >»o had lost the confidence of the
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country. - From the time of his retiremeut from office he

took little interest in politics. Ho died at Melbourne

House, Derbyshire, 24tU November 1848.

Lord Jlelbounie was without even tlio elementaiy qualification of

diligent attention to details, which in the absence of higher endow-

ments sometimes confers on a statesman the greater part of his

success. Nor can it he said that in public he ever displayed any

of those specious and brilliant talents which are often found an

acceptable substitute for more solid acquirements. Though he pos-

scs.sed a fine and llexiblo voice, his manner as a speaker was iuelfeo-

tive, and his speeches were generally ill-arranged and destitute of

oratorical point, notwithstanding his occasional indulgence in in-

elegant flignts of rhetoric. Indeed his political advancement was

wholly duo to his personal popularity. He had a thorough know-

ledge of the private and indirect motives which influence politicians,
|

and his genial attractive manner, easy temper, and vivacious, if '

occasionally coarse, wit helped to confer on him a social distinction
,

which for a time led many to take for granted his eminence as a

statesman. The most notable and estimable feature of his political
^

conduct is his relation to Queen Victoria, whom he initiated into

the duties of sovereign with the most delicate tact and the most

friendly and conscientious care.

HELCHIADE.S, or Milti.\des (other forms of the name

being Meltiades, Jlelciades, Milciades, and Miltidcs), was

pope from July 2, 310, to January 10 or 11, 3U. He
appears to have been an African by birth, but of his

personal history nothing is knov/n. The toleration edicts

*of Galeiiusand of Constantino and Licinius were published

during his pontificate, which was also marked by the hold-

ing of the Lateran synod in Kome (313), at which

Ciaecilianus was acquitted of the ch.trgcs brought against

him, and Donatus condemned. Melchiades was preceded

and followed by Eusebius'and Sylvester I. respectively.

MELCIIITES. The name of Melchites (Syriac,

Malkihji ; Arabic, Malakii/a, or in the vulgar pronunciation

Milkii/a) means etyniologically the royal party, and so is

currently ajiplied in the East to Syrian and Egyptian

Christians of the Orthodox Greek Church, adherents of the

creed supported by the authority of the king, that is, of

the Byzantine emperor. The ifelchites therefore are those

who acccjit the decrees of Ephesus and Chalcedon as

distinguished from the^Nestorians and Jacobites, and the

name reflects in an interesting manner the way in whicli

the doctrinal controversies that agitated the Eastern

empire associated tliemselves with national feelings of

antagonism to the imperial rule.

JIELCHIZEDEK (pn>-'3>a "king of righteousness"),

king of Salem and priest of "supreme EI" {El'ehjun),

brought forth bread and wine to Abram, on his return

from the expedition against Cliedorlaomer, and blessed him
in the name of the suprenne God, possessor (or maker) of

heaven and earth. And Abram gave him tithes of all his

booty (Gen. xiv. lS-20). The Bible history tolls us no-

thing more about Mclchizcdok (comp. Hebrews vii. 3) ; but

the majestic figure of the king-priest, prior to the priesthood

of the law, to whom even the father of all Israel paid tithes,

suggested a figurative or typical application, first in Psalm

ex. to the vicegerent of Jcliovnli, seated on the throne of

Zion, the king of Israel who is also priest after the order

of Jlelchizedek, and then, after the gospel had confirmed

the Messianic interpretation of the I'salm (Matt X-tii. 42

»7.), to the kingly priesthood of Jesns, as that idea is

worked out at length in the Epistle to the Hebrewa.

The thcologiool interest which attaches to the idea of tlie pro-

Aaronic king-priest in these typical .-ipplications is practically in-

dependent of the hisloriral questions suggested by the narrative of

Gen. xiv. It is generally recognizeil that this chapter holds quite

an isolated place in the Pentateuchal history ; it is the only passage

which presents Abraham in the character of a warrior, and connects

him with historical names and political movements, and thei-e are

no olear morks by which it can Uo assigned to any one of the docu-

ments of which Genesis is made up. Thus while one school of

interpreters finds in the chajiter the earliest fragment of the'politi-

cnl hl^toly of western Asia, some even holding with Ewald that the
nairalivc iji proKibly based ou old Cnnaanitc records, other critics.

as Noldekc, regard the whole as unhistorical and comparatively late

iu origin. On the latter view, which flnd.s its main support in the

intrinsic difficulties of the narrative, it is scarcely possible to avoid

the conclusion that the chapter is one of the latest additions to

the Pentateuch (Wellhausen). The historical arguments pj-o and

cmi may be seen at length iu recent commentaries, hut especially in

Tuch's ess.ay (Z. D. M. G., i. 161 si;., reprinted in the second edition

of his Genesis), which was long viewed as decisive in favour of the

narrative, and in Noldeke's Untcrsuchuvgcn, 1869, p. 156 sq., with

which compare Wellhausen in Jahrb. f. D. Th., 1876, p. iH sq.

The Assyriaji monuments offer no decisive evidence, but are held to

confirm the historical possibility of the proper names (Schi-ader,

KI. laid AT., p. 4G sq.; Delitzsch, Paradics, p. 224). Here wc can

only speak of the episode of Jlelchizedek, which, though connected

with the main naiTative by the epithets given to Jehovah in vcrao

22, seems to break the natural connexion of verses 17 and 21, and

may perhaps have come originally from a separate source. As the

narrative now stands Salem must be sought in the vicinity of " the

kiug'sdalo," which from 1 Sam. xviii. 18 probably butuot necessarily

lay near Jerusalem. ThatSalem is Jerusalem, as in Psalm Ixxvi. 2,

is the ancient and common view, and is necessarily followed by

those who view Jlelchizedek as a late creation. Those who hold

the opposite view now lean to the identification with the 2aA(f/i of

John iii. 23, 8 miles south of Bethsheau, which Jerome (Ep. Ixxiii.

ad Evan/jclium) confirms by a worthless tradition. In a genuine

record of extreme antiquity the union of king and priest in one

person, the worship of El as the supreme deity by a Can.nanit".' iiid

the widespread practice of the consecration of a tithe of booty can

present no difficulty; but, if the historical diaracterof the narrative

is denied, the origin of the conception nfcst be placed as late as the

rise of the temporal authority of the high priests after the exile.

An ancient legend identifies Jlelchizedek with Sbera (Palestinian

Targum, Jerome on Isa. xli., E[.hracm Syrus in loco).

MELCOMBE REGIS. See Weymouth.
MELENDEZVALDES, Juan (1754-1817), minor poet

of Spain, was born at Ribera del Fresno, Badnjoz, on March

11, 1754. He was destiired by his parents, who were in

good circuinstances, for an official career ; and accordingly,

after having completed his preliminary education at

Madrid and Segovia, he went to Salamanca, and duly

graduated in laws. At an early age he had begun to write

verses in imitation of the then much admired though now
justly forgotten Eugenio Lobo ; but at Salamanca he came

under the influence of the purer literary taste of the elder

Moratin, while to the friendship of the cultivated and

well read C;idahalso he owed his introduction to the

writings of recent English poets. At the age of twenty-six

ilcleiidcz obtained the prize of the Spanish Academy for

the best eclogue, one of the unsuccessful competitors being

the well-known Iriarte ; the poem (Batito : eglor/a en

alahanza de la vula del eampo, I7S0) continues to be highly

spoken of by native critics, who echo in various forms the

remark of one of the adjudicators, that it was "redolent

of the wild thyme." In 1781 Melendez went to Madrid,

where Jovellanos became his friend, and obtained for him

in 1783 the appointment of professor af the humanities at

Salamanca," In 1784, in competition for a prize oUcred

by the city of Jladiid, he [iroduced his longest poem, a
" dramatic eclogue " entitled Las Bodas de Camacho
(" Camacho's Wedding "), which secured the vote of the

judges, but did not add to his reiiutation, and soon fell

into neglect His genius does not seem to have been at

all dramatic; at any rate he was unfortunate in his choice

of a subject so little capable of dramatic treatment as the

well-known episode iu Don Quixote. In the following

year, at the age of thirty-one, he published a little volume

of lyrics and pastorals which gave him the first place ho

still hidds among Spanish poets of the 18th century.

Several editions were exhausted in a single year. Willi

poetical fame camo professional advancement, and in

1789 the "Restorer of Parnassus" (Uestaurador del

Parnaso), as Melendez is sometimes pedantically called

by his couutrymen, received a judicial appointment at

Saragossa, which iu 1701 he exchanged for a chancery

' On the other hand it is not correct to appeal to the Pcenvliis of

riantns for the epithet *e!yftn.
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auditorship at Valladolid. In 1797 the publication of a

new and greatly enlarged edition of his works, dedicated

to the prince of the ptiace, was followed by his removal to

Madrid to a high post in connexion with the treasury.

The new poems included somewhat heavy philosophical

epistles written after the mznner of Young, and an
unmistakably dull epic canto entitled Can/a de Luzbel

("The Fall of Lucifer"), suggested by Miltou, as well as an
Ode to Winter, which showed liow well the author had made
himself acquainted with Thomson. On the fall of his

friend .Tovellanos in 1798 Melendez was ordered away
from Madrid, first to Medina del Campoand afterwards to

Zamora, and it was not till 1802 that he was permitted

to settle in Salamanca. For the ne.tt six years his literary

activity was but slight, being limited to the production of

a short poem on "Creation" and the preparation of an
unfinished translation of the jEneid. After the revolution

of Aranjuez (1808) Melendez accepted from King Joseph
the post of councillor of state and afterwards that of i

minister of public instruction, a failure of patriotism which
involved hira in many indignities and even dangers; in

1813 he was of course compelled to quit his country, and,

after sojourning successively at Alais, Nimes, and Toulouse,

he died in considerable poverty and neglect at Montpellier,

on May 24, 1817. During his exile he employed himself

in the preparation of a complete edition of his works, with

numerous additions and corrections ; this was afterwards

published, along with a life of the author by Quintana, at

the expense of the Government (4 vols. 8vo, Madrid, 1820
;

reprinted at Paris, 1832, and at Barcelona, 1838).

MELFI, a city of Italy, in the province of Potenza,

30 miles N. of Potenza, on the road and railway between
that city and Foggia, is built on a small hill on the lower

slopes of Monte Volture. The castle was originally erected

by Kobert Guiscard, but as it now stands it is mainly the

work of the Doria family, who have possessed it since the

time of Charles V. ; and the noble cathedral which was
founded in 1155 by Robert's son and successor, Roger, has

had to be subjected to a modern restoration inconsequence

of the earthquake of 1851. In 1871 the city had 10,945

inhabitants; the commune had 98G3 in ISGl and 12,657

in 1881.
Melfi is of doubtful origin, but appears to have existed at least as

early as the 4th century. By tlie Normans it was made the capital

of Apulia in 1041, and provided with fortifications. The council

held by Nicholas I. in 1059, that of Urban II. in 1090, the rebellion

against Roger in 1133 and the subsequent punishment, the plunder

of the town by Barbarossa in 1167, the attack by Richard, count of

Acerra in 1190, and the parliament of 1223, in which Frederick 11. I

Established the constitution of the kingdom of Naples, form the ,

principal points of interest in the annals of Melfi during the more
eventful period of its history. In 1348 Joanna I. of Naples

j

bestowed the city on Niccolo Aceiajuoli ; but it was shortly after- '

wards captured, after a six months' siege, by the king of Hungary, i

who transferred it to Conrad the Wolf. In 1392 Goffredo Marzano
|

was made count of Melfi ; but Joanna II. granted the lordship to i

the Caracciolo family, and they retained it for one hundred and
|

seven years till the time of Charles V. An obstinate resistance was
oflered by the city to Lautrec de Foix in 1528 ; and his entrance

within its walls was followed by the massacre, it is said, of 18,000
of its citizens. As a bishopric Melfi is directly dependent on the

Holy See.

MELITA (McXiTTj), the classical name for Malta (q.v.),

was also the name borne by the modern Jfeteda, one of

the Dalmatian islands, situated immediately to the south

of Sabbioncello and to the north of Ragnsa. It is about

24 miles in length, averaging about li in breadth, and has

a good harbour. At one time it was supposed by some
authors to have been the scene of the shipwreck of St

Paul, but this point has now for some time been conclu-

sively settled in favour of Malta. See Smith, Voyage and
Shipwreck of St Paul, 1848.

MELITO, bishop of Sardes, a Christian writer of the

2d century, is mentioned by Eusebius ir/. E., iv. 21)

along with Hegesippus, Dionysius of Corinth, ApoUinarls

of Hierapolis, IreuEBus, and others, his contemporaries, as a

champion of orthodoxy and upholder of apostolic tradition.

Of his personal history nothing is known, and of his

numerous works (which are enumerated by Eusebius) only

a few fragments are now extant. They included an

Apologia addressed to Aurelius some time between 169 and

180 A.D., two books relating to the paschal coirtroversy,

and a work entitled 'EKAoyai (selections from the Old
Testament), which contained the well-known catalogue of

"the books of the Old Covenant." The fragments have

been edited with valuable notes by Routh {Jieliqnix Sacra;

vol. i., 1814). It seems mere than doubtful whether the

Apologia of Melito " the Philosopher," discovered in a

Syriac translation by Tattam, and subsequently edited by

Cureton and Renan, ought to be attributed to this writer

and not rather to another of the same name.

MELLON I, Macedonio (1798-1854), a distinguished

physicist, was born at Parma on April 11, 1798. From
1824 to 1831 he was professor at Parma, but in the latter

year he was compelled to escape to France, having taken

part in the revolution. In 1839 he went to Naples as

director of the conservatory of arts and handicrafts. lie

was likewise director of the Vesuvius observatory, a post

which he held until 1848. Melloni received the Rumford
medal of the Royal Society in 1834. In 1835 he was

elected correspondent of the Paris Acadeiny, and in 1839

a foreign member of the Royal Society. He died from an

attack of cholera on August 11, 1854.
From the Royal Society catalogue of papers we find that Melloni

produced eighty -six memoirs by!himself, as well as three in connexion

with other physicists. These embrace a wide range of subjects, but

the reputation of ilelloni as a physicist rests more especially upon
his discoveries in radiant heat. Men of science were, in the early

part of this century, very much in the dark with regard to the nature

of the invisible heat rays. Leslie and others had indeed advanced
the subject by means of the differential theniiometer, but such on

instrument was at the best a very poor substitute for the human
eye. It was necessary to invent an instrument more nearly capable

of doing for the dark rays what the eye does for those of light

before any great increase in our knowledge of this subject could

be expected to take place. This step was taken (shortly after

Seebeck's discovery of thermo-electricity) in the construction of the

thermo-mnltiplier or combination of thermopile and galvanometer

whieh formed the subject of a joint memoir by Nobili and Melloni

in 1831. In this memoir, after describiug their instrument, these

physicists confirmed the experiments of Leslie and others. They
tried screens of glass, sulphate of lime, mica, and ice, also of water,

oil, alcohol, and nitric acid enclosed in glass, and found an instan-

taneous effect produced in the index of their instrument except for

ice and water, the source of heat being an iron ball below redness.

After finding that most substances when used as screens stopped

a much larger proportion of dark heat than they did of light,

Melloni set himself to discover some body that might be tran.eparent

for dark lieat. In this search he was rewarded with complete

success. Rock-salt was found to possess this property ; and he

immediately proceeded to construct prisms and lenses of rock-salt

with which he proved the refraction of dark heat, that is to say,

of the heat proceeding from bodies below incandescence.

Jlelloni was likewise very successful in studying the action upon
dark heat of screens of various substances. His experiments in this

and other directions are described by Baden Powell in his report' to

the British Association on Modianl Heal (1840). The rays of the

lamp were thrown upon screens of various materials in such a

manner that the effect transmitted from all the screens was of a

certain uniform amount. This constant radiation was tlien inter-

cepted by a plate of alum, and it was found that very different

quantities of heat were trauimitted through the alum in the difl'crent

cases. Melloni concludes that the calorific rays issuing from the

various diajihanous screens are, therefore, of different qualities, and

possess what may be termed the diathermancy peculiar to each of the

substances through which they have passed. One of bis screens

was made of green glass, and he found that a piece of alum tr.ina-

mitted only 1 per cent, of the heat which had passed through this

screen. Green glass and alum form, therefore, an antagonistic

combination.
These experiments suggest naturally a new analogy between dark

heat and light which could not fail to strike Melloni, and accordingly

we soon find him describing an experiment with the solar raya

transmitted through green glass and then intercepted by other
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media. They pass copiously tlirougli rock-salt, lie tills us, but feebly

through alum, and hence Melloni concludes that there are amongst
the solar rays some which resemble those of terrestrial heat, and in

general that the differences observed between solar and terrestrial

hent iu the transmission of rays are to be attributed merely to the
mixture in diiferent proportions of these several species of rays. An
instrument like the thermo-multiplier could not of course remain a
monopoly, and shortly after its completion we find Professor Janies
Forbes making use of it to prove the polarization of heat as well
as to extend our knowledge of refraction. The brilliant researches

of this experimentalist were, like those of Melloni, crowned with
the Kuraford medal of the Itoyal Society. On September 2, 1839,
Amgo communicated to the academy of sciences a letter by Melloni,
who had found that rock-salt acquires by being smoked the power
pf transmitting most easily heat of low temperature, or dark heat.

Forbes had discovered a similar property in mica split by licnt, and
he now showed tliat rock-salt roughened and mica scratched possess

similar properties to blackened rock-salt. Melloni on his part took
up tlie subject of polarization, and decided in favour of the equal
polarizability of heat from different sources, a conclusion that did
not then ajipear to Forbes to be in conformity with his experiments.
It is very instructive to notice the loyalty which held both these
experimentalists to the results of their observations! AVhile Melloni
diners from Forbes with regard to polarization, he will not allow the
truth of a generalization proposed by Ampere, who had endeavoured
to explain on the theory of undulations the identity of light and
heat,—the difference of effect being dependent solely on the different

wave-lengths, those producing heat being larger than those giving
rise to light. Melloni admits that many phenomena may be ex-

plained by this hypothesis, but he mentions some experiments in

which he thinks that this theory will not hold. The brilliant

gcneralizer from without has of course a different point of view from
the laborious experimentalist within. They are all worthy of

scientific honour—for it is by the seeming conflict, but in reality

the united efforts of workers such as these that the essential element
of stability in the structure of scientific knowledge is finally

secured.

MELO^ (Cicnimis ^felo, L.), a most polymorphic

species of the order Cucurbilacese, the varieties of wliich

ftre grouped by Naudin under ten tribes, while several

other plants of less Icnown characters probably belong to

it.' The melon is an annual herb with palmately-lobed

leaves, and bears tendrils. It is monoecious, having male
ftiid female flowers on the same plant. The flowers have
deeply five-lobed campanulate corollas and three stamens.

Naudin observed that in soma varieties {e.g.,oi Cantaloups)

fertile stamens sometimes occur iu the female flowers. It

is a native of south Asia " from the foot of the Himalayas to

Cape Comorin," - where it grows spontaneously, but is

cultivated in the temperate and warm regions of the whole
world. It is excessively variable both in diversity of foliage

and habit, but much more so in the fruit, wliich in some
varieties is no larger than an olive, while in others it

rivals the ponderous fruits of the gourd (Cucurbita

maximq^ L.). The fruit may be globular, ovoid, spindle-

Bhaped, or serpent-like, netted or smooth-skinned, ribbed or

furrowed, variously coloured externally, with white, green,

or orange flesh when ripe, scented or scentless, sweet or

insipid, bitter or even nauseous, &c. Like the gourd, the
melon undergoes strange metamor[ihoses by crossing its

varieties, though the latter preserve their characters when
alone. The off.spring, however, of all crossings are fertile.

As remarkable cases of sudden changes produced by
artificially crossing races, M. Naudin records that in 1859
the offspring of the wild meloais m. sauvage de I'lnde

(C. melo agrestis) and m. s. d'Afrique, le petit m. de
Figari (C maculalus ?) bore quite different fruits from
their parents, the former being ten to twelve times their

bize, ovoid, white-skinned, more or less scented, and with
reddish flesh ; though another individual bore fruits no
larger than a nut. The offspring of m. de Figari after

being crossed bore fruits of the serpent-melon. On the

' For generic characters see Benth. ct Hook., Gtn. PL, i. 826; and
for a full account of the species of Cuciimia and of the trihes of melon,
by M. Nauilin, see Ann. des Sei. Aat., 4 ser., torn. xi. p. 34. I

• Naudin, I.e., pp. 39, 76; see aWo OarJ. C'Aron., 1807, p. 163, !

ud 1358, p. ISO. I

other hand, the serpent-melon was made to bear ovoid
and reticulated fruit.^

With reference to the early cultivation of the melon,
Naudin thinks it is probable that the culture in Asia is as

ancient as that of all other alimentary vegetables. Tlie

Egyptians grew it, or at least inferior races of melon,
which were either indigenous or introduced from Asia.

The Romans and doubtless the Greeks were familiar with
it, though some forms may have been described as
cucumbers. Columella seems to refer to the serpent-

melon in the phrase nt coluber . . . venire cubat Jlexo.

Pliny describes them as pejxines yxix. 23 to xx. 6) and
Columella as melunes (xi. 2. 53) ; 'see Pickering, Chron}
Hist, of PL, 229, The melon began to be extensively
cultivated in France in 1629, according to Olivier de
Serres. Gerard {llerhall, 771) figured and described in

1597 several kinds of melons or jwrnpions, but he has
apparently included gourds under the same name. Picker-
ing observes that the melon was carried by Columbus to

America, and by the Portuguese to the Malayan Archi-
pelago.

The origin of some of the chief modern races, such as
" Cantaloups," " Dudaim," and probably the netted sorts,

is due to Persia and the neighbouring Caucasian regions.

The first of these was brought to Rome from Armenia in

the 16th century, and supplies the chief sorts grown for

the French markets ; but many others are doubtless

artificial productions of West Europe.
For cultivation of the melon, see art. HoKTlctJLTTEE, and also

Ganl. Chron., Jlay 6, 1882, p. 596; and for references to French
literature on the same see Naudin, tit supra, p. 82.

MELOS (Att. Gr., M^Xos), the modern Milo, one of the
Sporades of the .(Egean Sea, situated at the south-west

corner of the archipelago, in 36° 45' N. lat. and 24° 26'

E. long., 75 miles due east from the coast of Laconia.

From east to west it measures about 14 miles, from north

to south 8 miles, and its area is estimated at 52 square

miles. The greater portion is rugged and hilly, and the

culminating point. Mount Elias in the west, reaches a height

of 2538 feet. Like the rest of the cluster to which it

belongs, the island as a whole is of volcanic origin, with tuff,

trachyte, and obsidian among its ordinary rocks. The great

natural harbour, which, with a depth diminishing from 70
to 30 fathoms, strikes in from the north-west so as to cut

the island into two fairly equal portions, with an isthmus

not more than I] miles broad, is evidently the hollow of

the principal crater. In otre of the caves on the south

coast the heat is still so great that one cannot remain

within more than a few minutes, and on the eastern shore

of the harbour there is a remarkable cluster of hot

sulphurous springs. Sulphur is found in abundance on

the top of Mount Kalamo and elsewhere. In ancient times

the alum of Milo was reckoned next to that of Egypt
(Pliny, XXXV. 15 [52]), and millstones, salt (from a marsh

at the east end of the harbour), and gypsum are still

exported. The Melian earth (y^ MjjAtas), employed as a

pigment by ancient artists, was probably native white-lead.

Orange, olive, cypress, and arbutus trees grow throughout

the island, which, however, is too dry to have any pro-

fusion of vegetation. The vine, the cotton plant, and
barley are the main object? ,of cultivation. Including

the neighbouring islands of Antimilos (4 square miles),

Cimolos (16 square miles), and Polinos (5i square miles),

the total population of Melos was only 5538 in 1879.

Antimilo, 5\ miles north-west of Milo, is a mere
uninhabited mass of trachyte, and is often called Erio-

railo or De.sert Melos. Cimolos, or Argeiitiera, less than

1 mile to the northeast, was famous in antiquity for iUi

* See also Naudin, in Nouv. nek. tur I. hyb. dant Its veg., p. 118,

1861.
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figs and fuller's earth (Ki/i<uXfa yrj), and contained a

considerable city, the remains of wbich still cover tlie

cliff of St Andrews. Polinos, Polybos or Pulivo, and
Kaimmi, or "Burned Island," tlie lie BruUe or Isola

Bmciaia of the French and Italians, lies rather more
than a mile south-east of Ciraolos. It was in antiquity

the subject of dispute between the Melians and Cimolians.

It has long been almost uninhabited.
In ancient times tim city of Melos, built terrace fashion round a hill

in the north-east of the main island, was a place of considerable size;

"the western wall, of Cyclojiean masonry, is traceable all the way
down from the summit to the sea, " and.among the ruins are a temjile

in the Corinthian style and a beautiful little theatre cleared in 1S36
by order of the king of Bavaria. Painted vases (the ancient
Meliaus were great makers of this kind of ware), bronzes, gold
ornaments, and similar specimens of art workmanship have been
recovered from the debris ; and in 1S20 the " Venus of Jlilo," now
in the Louvre, tl:e noblest extant representation of Aphrodite, was
found in the neighbourhood of the theatre. The top of the hill is

now occnpied by Castro, the principal village in the island. At some
distance to the south-east, at the place called Tripiti (i.e., -rpvirtirr],

" the peribrated "), lies a remnrkable cluster of catacombs containing
frescos, &c., of evidently Christian origin. Palaa Chora, about 5

miles faither south-east, is now an almost deserted village, but
down to the beginning of the last century it had about 6000 inhabit-

ants, and it continued for a time to be considered the capital of

the island.

The first occupants of Melos were probably Phoenicians, but the
island was Hellenized at an e.^rly date by llinyans and Dorians
from Laconia. Though its inluibitants sent a contingent to the

Greek fleet at Salamis, they held aloof from the Attic league, and
sougBt to remain neutral during the Peloponnesian War. But in

416 B.C. the Athenians, having attacked the island and compelled
the Melians to surrender at discretion, slew all the men capable of

bearing arms, made slaves of the women and children, and introduced

a body of five himdred Athenian colonists. Lysander restored the

island to its old Dorian possessors, but it never recovered its former

prosperity. There were many Jewish settlers in Melos in the

beginning ofthe Christian era, and Christianity was e.arlyinti'oduced.

During the " Prankish " period the island formed part of the duchy
of Naxos, except for the few years (1341-83) when it was as«parate
lordship under Marco Sanudo and his daughter.

See Leycester, *'The Volcyiic Group of Milo, Anti-5IiIo, &c.," in Jour. Jiov.

Oieg. *Soc., 18o2; ToiuTiefort, Voyage; L^ake, A'ortfient Oretcg, ro], iii.; Prnkcsch
\oa Oslen, DenitciirdigUilai,i'c.; und BiUMan, Gcog. von Gi'iechenltind, vol. ii.

MELKOSE, a village of Roxburghshire, Scotland, ou
the south bank of the Tweed, 37 miles by rail south-

south-east of Edinburgh. Its population has- steadily

advanced from 96G in 1851 to 1550 ia 1881. Though a
burgh of barony since 1609, it is a purely agricultural

village, and would be of little interest but for the ruins of

its abbey, now the property of the duke of Buccleuch.

It was formerly called Little Fordell, and its present name
eveu dates from the foundation of the monastery by David
II. in 1136.

There had been a Columbite monastery of Melrose at

the place now known as Old Melrose, about a mile and a
half to the east of the village, but this establishment,

probably never of much architectural magnificence, had,
according to the Chronicle of the Pids and Scols, been
destroyed by Kenneth M'Alpin in 839, and may never have
recovereiS from the disaster. King David's abbey, which
he entrusted to a body of Cistercian monks from Rievauk
(Riuall) in Yorkshire, was dedicated on Sunday 28th July
1146; it was laid in ruins by Edward II. of England iu

1322; Bruce caused the work of restoration to be
vigorously prosecuted, but the edifice was again burned by
Richard II. in 1385. The abbey church as it now stands
consequently belongs iu the main to the latter half of the
14th century and the first half of the 15th, with a good
many portions of a considerably later date.

Architecturally the abbey may be described as a splendid example
of the Middle Pointed style, strongly affected on the one hand by
Flamboyant and Perpendicular tendencies, and ou the other by the
individualityof some of the builders. Cruciform in plan, it measured
214i feet' from east to west, the width of the nave being 69 feet,

and across the transepts 1154- The noble edifice was damaged by
the English in 1545 ; and since the Keforraation it has been altered
to suit the necessities of Presbyterian worship (1618-1810), and

plundered by builders to supply ornaments for nouses. The whole
building ia now iu ruins. The west end and a good part of the

north aide have disappeared ; but the elevation of the south side

is nearly entire, both the transepts and the east end are externally

in very fair preservation, part of the central toner is standing,

and the sculptured roof still covers the east end of the chancel.

Of the individual features of the building, the great eastern

window has been generally most admired since Sir AVallei Scott

celebrated the moonlit aspect of its "slender glinfts of shapely

stone." It h.i3 five lights ; the height is 37 feet and the width 10;
and the upi)er portion is filled iu with delicate tracery of a geometri-

cal design. Very beautiful too is the whole gable of the south
transept. In the interior, on the north side of the nave, there still

stand four of the original square piers, 'and one of them shows a

Nonnan " cap. " The choir, the we^fend of which is shut oil' by a

massive rood-screen, has been largely ''spoiled by rough 17th cen-

tury work"; but enough remains of the decorative detail to provoke
the admiratiou and despair of the modern artist ia stone. The
facile and at the same time elaborate rendering of vegetable forms,

such as the Scotch " kail," is particularly striking. It was in the

abbey-church of Melrose, where Alexander II. had long before been
buried near the high altar, that the heart of Bruce found its final

resting-place ; and among the many tombs which afterwards

fathered under the same roof were those of his faithful knight
anies Lord Douglas, Sir WiMiam the dark knight of Liddesdale,
and the hero of Chevy Chase.

The ancient muniments of the abbacy have been preserved in

the archives of the earl of Morton ; they weie published by the
Batinatyne Club (2 vols. , 1837, Ziher Sayide Marie de Melros), under
the editorship of Cosmo Innes. Among the many intei'esting docu-
ments is one of the very earliest specimens of the Scotch tongue.
The Ckmnica de Mailros, preserved among the Cotton MSS., has
been twice printed,—at Oxford (1684) by Fulraan, and by the Banna-
tyne Club (1835), edited by John Stevenson. From about 1140 till

its close in 1265 tlie chronicle may be considered original ; it

was put largely under contribution by later compilers.

See Walcott, The Aiicieiil Church of Scolland; W. Halchinsnn, A Tim of
Northumb'Vlaud, Xc, Newcastle, 1778; Adam Milne, Deicription 0/ the ParisK oj
Melrose, Kel50, 17S'J ; J. tower. Description of the Abbeps 'of Melrose and Old
Melrose, Kelso, 1813 ; J. A. Wade. History of S' Mary's Abbey, Melrose, Edin-
burgli, ISCl : Fred. Pinches, Tft< Abbey Church of Melrose (a scries ot arcliitcctnrul

(Ir.iwiags), Loudon, 1879.

MELTON" MOWBRAY, a market-town of England,

county of Leicester, is pleasantly situated in a fertile vale,

at tl^e confluence of the Wreake and Eye, 15 miles north-

east of Leicester and 104 north of London by rail. The
Eye is spanned by a bridge of four arches. . The town
consists principally of two main streets, and is substan-

tially built of brick. The church of St Mary, a hand-

some cruciform structure partly in the Early English st3'le,

and adorned by a lofty and richly ornamented tower,

was heightened ' and otherwise enlarged in the reign of

Elizabeth, and has also undergone modern improvements.

There are largely endowed almshouses and several other

charities. Melton is the seatof a celebrated hunting district,

in connexion with which there are stables in the town
capable of accommodating about eight hundred horses. It

is also well known for its pork pies, and has a very large

trade iu • Stilton cheese. There are breweries and tan-

neries, as well as an important cattle market. Iron-

works have lately been erected. TLe town possesses great

railway facilities. The population of the urban sanitary

district in 1871 was 5033, and in 1881 it was 5766.

The old name of Melton was Jledeltone, and the place is of con-

siderable antiquity. During iho Civil War it was in February 1644
the .'scene of the defeat, with great slaughter, of the parliamentary

forces by the royalists. It is the birthnlace of Jolm Henley the

orator.

MELUN, capital of the department of Seine-et-Marne,

France, 28 miles south-east of Paris by railway, occupies

a hill ou the right bank of the Seine and the level ground

at its foot It owes its rank as " chef-lieu" to its central

position merely ; for there are two other towns in tto

department, Meaux and Fontainebleau, which have a. larger

population. Melun is near one of the most beautiful parts

of the forest of Fontainebleau. Among the rich estates in

its neighbourhood the most remarkable is the magnificent

chateau of Vaux-Praslin, which belonged to Fouquet,

superiutendant of finances under Louis XIV. The church
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o( Notre Dame formerly belonged to a nunnery, now
occupied by a central house of detention for twelve hundred
ptiaoners. Oa the apse of the church of St Aspais may
be seen a modern medallion ia bronze, the work of the

sculptor Cliapu, representing Joan of A.rc as the liberator

oLMelun. „ The population in 1881 was 12,145.

JIftluu is a very ancient town, and lias played an important part

in history. As early as the time of Ctesar's Gallic wars it was taken
]>os8ession of by his lieutenant Labiuniis, in order to attack Lutetia

with greater case by the right bank of the Seine. It was pillaged

by the Normans, and aftcnvarda became the favourite residence of

the first kinfp of the race of Capet ; Robert and Philip I. botli died

there. During the Hundred Yeara' War Wehin was given up by
Jeanne of Navaire to her brother, Charles the Bad, but was retaken

by the dauphin Charles and IJuguesclia. In 1420 it made an heroic

defence against Henry V. of England and his ally the duke of Bur-

gundy. Ten years later the people of Melun, with the help of

Joan of Arc, drove oui the English. It wasoucupied by the League
in 1589, and retaken by Henry IV. in the following year. Jacques

Amyot was born there in 1 504-

MELVILLE, Henrv DuND.vs, Viscount (1741-1811),

younger son of tlie Right Honourable ll'jbert Dunda^;,

lord president of the Scottish court of sc-^.^ion, was born at

Edinburgh in 1741, and was educated at the high school

and university there. Becoming member of the faculty of

odvocates in 1763, he soon acquired a leading position at

the bar. After his appointment as Jord advocate in 1775,

he gradually relinquished his legal practice to devote liis

attention more exclusively to public business. On entering

parliament in 1774, he had joined the p.arty of Lord North,

and, notwitlistanding his provincial dialect and ungraceful

manner, he soon distinguished himself in the debates by
his clear and argumentative speeches. After holding sub-

ordinate offices under the marquis of Lansdowne and
Pitt, he in 1791 entered the cabinet as home secretary.

From 1794 to ISOl he was secretary at war under Pitt,

•who conceived for him a special friendship. In 1802 he

was elevated to the peerage as Viscount !Me]ville and
Baron Dunira. Under Pitt in 1804 he again entered office

as first lord of the admiralty, when he introduced numerous
improvements in the details of the department. His im-

peachment in It^OG, for the appropriation of balances of

public money remaining in his hands, resulted in his ac-

quitt<il, but he never again held office. He died May 27,

1811.

MELVILLE, Andkew (1 545-1 G22), a distinguished

Scottish scholar, theologian, and religions reformer, was the

youngest son of Richard Melville, proprietor of Baldovy,
near Montrose, at which jilace Andrew was born in 1545.

His father fell at the battle of Pinkie, fighting in the vsn
of tho Scottish army, two years after the birth of his son

;

and, his wife having soon after followed him to the grave,

the young orphan, then a gentle and delicate child, was
tenderly cared for by his feldest brother Richard and his

amiable and pious wife, whoso memory the great scholar

ever afterwards cherished with the warmest gratitude and
affc' tion. At a very early age Melville began to show a
stroag taste for learning, and his brother did every thing

in his power to give him the best education the country
could then afford. The rudiments of Latin he obtained

at the grammar school of Montrose, after leaving which ho
prosecuted the study of Greek for two years under Pierre

de Marsillicrs, a Frenchman whom John Erskinc of Dun
had induced to settle at Montrose ; and such was the
proficiency Melville made that on going to the university

of St Andrews he excited the astonishment of both students

and professors by using tho Greek text of Aristotle, which
no one else there understood, the Latin translation being
that which was alone employed in tho teaching of logic.

On com.pleting hjs. course of study, Melville left St
Andrews with the character of "the best poet, philosopher,

and Grecian of anj young master jn tho lond." He then,

in 1564, being nineteen years of age, set out for France to

perfect his education at the university of Paris. He there

applied himself especially to the study of the Oriental

languages, liut he had also the advantage of attending

the last course of lectures delivered by Turnebus in the

Greek chair, as well as those of the celebrated Ramus,
whose mode of philosophizing and .plan of teaching ho

afterwards introduced into the universities of Scotland.

From Paris he proceeded to Poitiers for the purpose of

studying civil law, and though only twenty-one j-ears of

age he was apparently at once made a regent in the college

of St JIarceon. After a residence of three years, however,

the political troubles of the country comi>elled him to leave

France, and he then went on to Geneva, where he was
warmly welcomed by Theodore Beza, at whose instigation

he was apjiointed to fifl the chair of humanity in tlie

academy of Geneva, which then happened to be vacant. In

addition to his teaching, however, he also applied himself'

to the further prosecution of his studies in Oriental litera-

ture, and in purticular acquired from Cornelius Bertram,

one of his brother professors, a knowledge of Syriac.

AVhile he resided at Geneva the massacre of St Bartholomew
in 1572 drove an immense number of Protestant refugees

to that city, including several of the most distinguished

French men of letters of the time, with whom Melville

had now the opportunity of intimate intercourse. Among
these were several men deeply learned in civil law and
political science, and their society no doubt tended greatly

both to increase Melville's knowledge of the world and to

enlarge his ideas of civil and •ecclesiastical liberty

—

acquisitions which he must have found of essential service

when at a later period as a leader of the General Assembly
he had to struggle against the attempts of James VI. to

crush the liberties of the church of the Scottish Reforma-

tion. In 1574 Melville returned to Scotland, and almost

immediately afterwards received the appointment of prin-

cipal of Glasgow University, which at the time had fallen

into nn almost ruinous state, the college having in fact

been shut up and the students dispersed. Melville,

however, with the knowledge of academic' methods of

training which he had obtained abroad, immediately set

himself with immense energy to establish a good educa-

tional system, and in a short time his fame spread

through the kingdom, and stndents flocked in from all

quarters, till the class-rooms lately entity ctjuld not con-

tain those who came for admission. After labouring for

six years in Glasgow, and having brought the seminary

into a state of the most thorough efficiency, it was thought

desirable that he should undertake the same duties at St

Andrews. He accordingly proceeded there in 1580, and

was ini5talled as principal of the new theological college.

His duties there comprehended the teaching, not only

of theology, but of the Hebrew, Clialdee, Syriac, and

Rabbinical languages, and the great ability of his lectures

was universally acknowledged, and excited quite a new
interest in the university. The sweeping reforms, however,

which his new modes of teaching necessarily involved, and

even some of tho new doctrines which he began to intro-

duce, such as the non-infallibility of Aristotle, soon brought

him into collision with some of the other teachers in tho

university ; and this, along with the troubles which nro.'o

from the attempts of the court to force a bastard system

of Episcopacy upon the Church of Scotland, forced him to

flee into England in order to escape tho consequences of

an absurd charge of treason which was made against him,'

and which seemed to threaten n prolonged imprisonment

and not improbably even his life. ^ After nn absence of

twenty months ho returned to Scotland in November 158;'),

and in March 1586 resumed his lectures in St^AndrewF,

where he continued to fulfil the duties of his^office for
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tweuty mote years. During the whole of that time,
however, his more prominent work was that of contending
with unwearied energy and indomitable courage against the
encroachments of an unscrupulous and tyran>iical Govern-
ment upon the liberties of the Scottish Church. Into the
details of these it is of course impossible to enter here.
But that in the main he and iiis coadjutors were fighting
for the constitutionally guaranteed rights of the church is

now admitted by all candid inquirers. (See iu particular
The History of England from 1603 to 1616, by Samuel
Rawson Gardiner, vol. i. chap. ix.). The chief charge
against Melville is that his fervour often led him to forget
the reverence due to an "anointed monarch." Of this,

however, it is not very easy now to judge. Manners at
that time were rougher than at present. Any thing more
rude, insolent, and brutal than James's own occasional
explosions it would be difficult to match, and a king so
undignified could scarcely expect to be treated with dignity.
Besides, what title had one who was acting in a purely
arbitrary and illegal manner to receive other than the
plainest dealing,—such as being reminded that though he
was king over men he was only "God's silly va'ssal?"

Melville's rudeness (if it is to be called so) was simply the
outburst of just indignation from a brave, true, and
upright man, zealous only for the purity of religion and
regardless of consequences to himself, and it contrasts
nobly with the grovelling sycophancy of most of the
English bishops towards James. The close of Melville's

career in Scotland was at length brought about by James
in characteristic fashion. In 1606 he and seven other
clergymen of the Church of Scotland were summoned to

London in order " that his majesty might treat with them
of such things as would tend to settle the peace of the
church." The contention of the whole of these faithful

men was that the only way to accomplish that purpose was
a free Assembly. Melville delivered his opinion to that

effect with his accustomed freedom and boldness, and,
having shortly afterwards written a sarcastic Latin
epigram on some of the superstitious practices he had
observed in the chapel of Hampton Court, arid some
eavesdropper having conveyed the lines to the king, he
was committed to the Tower, and detained there for the
space of four years. On regaining his liberty, and being
refused permission to return -to his own country, he was
invited to fill a professor's chair in the university of

Sedan, and there he spent the last eleven years of his brave,

active, noble, and useful life. He died at Sedan in 1622,
at the age of seventy-seven.

MELVILLE, George John Whyte (1821-1878), has
a right to be regarded as the founder of a school of

fashionable novels,—the fashionable sporting novel. He
was lamented on his death as the Tyrtaeus of the hunting
field, the laureate of fox-hunting ; all his most popular and
distinctive heroes and heroines, Digby Grand, Tilbury

Nogo, the Honourable Crasher, Mr Sawyer, Kate Coventry,
Mrs Lascelles, are or would be mighty hunters. The
eldest son of Major Whyte Melville, of Mount Melville,

Fifeshire, he received his school education, like so many
of his heroes, at Eton, entered the army in 1839, became
captain in the Coldstream Guards in 1846, and retired in

1849. His first appearance in literature was made soon
after, with a translation of Horace into fluent and graceful
verse, published in 1850. His first novel was Digby
Grand, published in 1853. Althougli this first effort has
a good deal more in it of LyttJin's early high-flying style

than Whyte Melville's later works, the unflagging verve
and intimate knowledge with which he described sporting
scenes. and^sporting characters at once drew attention to

him as a novelist with a new vein. His power of sustain-

ing interest. in hunting and the.thin2s connected with

hunting appeared more markedly in his next novel. Tilbury
S'oyo, contributed to the Sporting Magazine in 1853. He
showed in the adventures of Mr Nogo, what became more
apparent iu his later works, that he had a surer hand in

humorous narrative than in pathetic description ; there are

many pathetic scenes in his novels, but the pathos is

sometimes rather forced, intended to point a moral—rather

the pathos of the preacher than the poet. The herb ofi

(jeneral Bounce, his next novel in order of publication

(Fraser's Magazine, 1854), little as one would expect it

from the title, ends in a 2iainful maimer, somewhat out of

keeping with the lively middle and beginning. When the

Crimean War broke out, Whyte Melville took part in it

as a volunteer iu the Turkish contingent ; but this was
the only break iu his literary career from the time that he
began to write novels till iiis death in 1878. By a
strange accident, he lost his life in the hunting-field, the

hero of many a stiff ride meeting his fate in galloping

quietly over an ordinary ploughed field.

Twenty-one novels appeared from his pen after his

return from the Crimea:

—

ICate Coventry, 1856; The
Interpreter, 1858 ; Uolmby House, 1860 ; Good for
Nothing, 1861; Market Harborough, 1861; The Gladi-

ators, 1863; Brookes of Bridlemere, 1864; The Queen's

Maries, 1864; Cerise,' 1865 ; Bones and J, 1868; The
White Rose, 1868; M or N, 1869; Contraband, 1870;
Sarcliedon, 1871 ; Salanella, 1872 ; Unele John, 1874 ;

Sister Louise, 1875; Katerfelto, 187 5 ; Jiosine, 1876;
Hoy's Wife, 1878; Black but Comely, 1878. Several of

these novels are historical, the Gladiators being perhaps

the most famous of them. As an historical novelist

Whyte Melville cannot be put on a level with Harrison

Ainsworth for painstaking accuracy and minuteness of

detail; he makes his characters live and move with great

vividness, but he obviously did not know at first hand the

history of. the periods chosen by him. It is on his

portraiture of contemporary sporting society that his

reputation as a novelist must rest ; and, though now and
then a character reappears, such as the supercilious stud-

groom, the dark and wary steeple-chaser, or the fascinating

sporting widow, his variety in the invention of incidents

is amazing. Whyte Melville was not merely the annalist

of sporting society for his generation, but may also be
fairly described as the principal moralist of that society;

he exerted a considerable and a wholesome influence on

the manners and morals of the gilded youth of liis time.

His Songs and Verses- and his metrical Legend of the I'rue

Cross, though respectable in point of versification, are

hardly worth mentioning on their own merits.

MELVILL VAN CARNBEE, Pieter, Bakon, /an

eminent Dutch geographer, was born at the Hague '20ih

May 1816, and died October 24, 1856. He traced his

descent from an old Scotch family, originally it.is said of

Hungarian extraction. Destined for the navy, in which

his grandfather had won distinction, Melvill imbibed -a.

taste for hydrography and cartography as a student under

Pilaar in the. college of Medemblik, and he showed his

capacity as a surveyor on his very first voyage to the Dutch
Indies (1835). In 1839 he wasagainin the East, and was
now attached to the hydrographical bureau, at Batavia.

With the assistance of the long-neglected documents

collected by the old company, he completed in wonderfully

short time his first great hydrographical work—a map of

Java in five sheets, accompanied by' bailing directions

(Amsterdam, 1842 ; 2d revised edition, 1849),—which was

received with great applause. Melvill remained in India

till 1845 collecting materials for his second great hydro-

graphical work, the chart of the waters between Sumatra and

Borneo (two sheets, 1845 and 1846, revised edition of first

sheet 1847; compare the descriptive memoir iu Tindal and
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fiwurc'a Journal, 1846). On his return to Holland Melvill

>vas attached to the naval department with the special charge

of studying the history of tlie hydrography of the Dutch
Indies. He also undertook, in connexion with Von Siebold,

the publication of the Moniteur des hides, a valuable series

offscientitic papers, mainly from his own pen, on the

foreign possessions of Holland, which, was continued for

three years. In 1850 Melvill returned to India as lieu-

tenant of the first class and adjutant to Vice-Admiral Van
den Bosch ; and after the premature death of this com-

mander he was again appointed keeper of the charts at

Batavia. > Ho was one of the founders and for a time the

president of the new society for natural science {185U). In

1853 he obtained e.\emption from active naval service that

he might devote himself to a general atlas of the Dutch

Indies ; and under the most unfavourable circumstances he

prosecuted the task with incredible energy. But he was not

to see its completion. Just after he had lost his young

wife and new-bora son he was called in I85G to be director

otithe marine establishment of Onrust ; and there he

soon fell a victim to climate, dying after much suffering in

the hospital of VVeltevreden, only forty years of age. In

spite of delays caused by the engraving of the maps in

Holland, no fewer than twenty-five sheets were already

finished, but it was not till 1862 that the whole plan,

embracing sixty sheets, was ably brought to a close by

Lieutenant-Colonel W. F. Versteeg. The premature loss

of Melvill was severely felt not only in Holland but in

foreign countries, where, as shown by his connexion with

the geographiciil societies of Paris, London, Berlin, and

Bergen, his labours were highly esteemed. His industry

and energy were equalled only by the benevolence and

warmth of his heart. In 1843 he received the decoration

of the Netherlands Lion, in 1849 that of the Legion of

Honour.

MEMEL, the most northerly town in Germany, and
the principal seat of the Baltic timber trade, is situated

in the district of Konigsberg, Prussia, at the mouth
of the Dange, and on the bank of a sound connecting

the Kurische Haff with the Baltic Sea. On the side next

the sea the town is defended by a citadel and other forti-

fications, arid the entrance to tho large and fine hirbour

is .protected by a lighthouse. Largely rebuilt since a

destructive fire in 1854, Memel contaius several churches, a

gymnasium, a school of navigation, an exchange, and various

judicial and official establishments. It also possesses large

iron-foundries, shipbuilding yards, breweries, distilleries,

and manufactories of chemicals, soap, and amber wares.

By far the most important interest of the town, however,

is its trade, tho chief items in which are timber and the

grain and other agricultural products of Lithuania. The
limber is brought by river from the forests of Russia,

and is prepared for exportation by about thirty saw-mills.

The annual value of timber exported is about £600,00{t.

In 1880 the port of Memel was entered by 898 ships with

an aggregate burden of 164,374 tons, and cleared by 932
vessels with a burden of 164,441 tons. The population of

Mcmcl in 1880 was 19,660.
Memel wa.s founded in 1252 by Poppo von Ostcrua, grand master

of tho Teutonic order, and was at first called New Dortmund and
afterwards Mcmniolburg. It soon aci|uiro<i a considerable trade,

and joined tho Hansoatic League. During the 13tli, 14tli, and 15th
centuries it was repeatedly burned down by its hostile neighbours,
tho Lithuanians and Totes, and in tho 17th century it remained for
Bomo time in the possession of Sweden. In 1757, and again in 1813,
it was occupied by Kusaian troops. After tho battle of Jena, King
Frederick William III. retired to Memel; and there, in 1807, a
treaty wa-s concluded between England and Prussia. The poet
Siiaon Dach and llie astronomer Argelandnr were natives of Memel.

MEM LING, H.\NS, a painter of tho IStii century,
whoso art gave a passing lustre to Bruges in the period
of its political and commercial decline. Though much

has been written respecting the rise and fall of the school

T/hich made this city famous, it still remains a moot
question whether that school ever truly existed. Like
Rome or Naples, Bruges absorbed the talents which were

formed and developed in humbler centres. John Van
Eyck first gained repute at Ghent and the Hague before

he acquired a domicile elsewhere, and Memling, we have

reason to think, was a skilled artist before he settled at

Bruges. Yet if the question should be asked where the

manner of Memling was shaped, and where he acquired the

skill which he displayed at Bruges, we shall be greatly at a

loss to reply. Tlie annals of the city are silent as to the

birth and education of a painter whose name was inaccu-

rately spelt by different authors, and whose identity was
lost under the various appellations of Hans and Hausse, or

Hemling and Memling. But no other city of the Nether-

lands has vindicated the right which Bruges had no means
of proving. Travellers who came to Bruges were only told

that Mending's masterpieces were preserved in the hospital

of St John. In one of these pictures it was said a portrait

of the artist might be discovered; on the sculptured orna-

ments of a porch enframing one of its subjects an incident

of the master's life might be traced,—his danger as he lay

senseless in the street, his rescue as charitable people carried

his body to the hospital. The legend grew too. It came

to be told how the great artist began life as a soldier who
went to the wars under Charles the Bold, and came back

riddled with wounds from the field of Nancy. Wandering

homeward in a disabled state in 1477, he fainted in the

streets of Bruges, and was cured by the Hospitallers.

Unknown to them, and a stranger to Bruges, he gave

tangible proofs of his skill to the brethreti of St John,

and showed his gratitude by refusing payment for a

picture he had painted. Unhappily the legend refutes

itself. The portrait of Memling is a myth ; the carvings ot

the capitals of the porch represent the ordinary incidents

attending the reception of patients at ah hospital. Memling

did indeed paint for the Hospitallers, but he painted not

one but many pictures, and he did so in 1479 and 1180,

being probably known to his patrons of St John by many
masterpieces even before the battle of Nancy.

Memling is only connected with military operations in a

mediate and distant sense. His name appears on a list

of subscribers to the loan which w^ raised by Maximilian

of Austria to push hostilities against France in the year

1480. When he signed this list his position was that of

a resident at Bruges who had probably lived there long

enough to acquire a large practice and its advantages in

the form of lands and tenements. In 1477, when he is

said to have fallen, and when Charles the Bold was killed,

he was under contract to furnish an altarpiece for the guild

chapel of the booksellers of Bruges; and this altarpiece, now

preserved, under the name of the Seven Griefs of Mary, in

the gallery of Turin, is one of the fine creations of his

riper age, and not inferior in- any way io those o£-1479 in

the hospital of St John, which for their part are hardly

less interesting as illustrative of the master's power than

the Last Judgment in the cathedral of Dantzic. Critical

opinion has been unanimous in assigning the altarpiece of

Dantzic to Memling, and by this it aflirms that Memling

was a resident and a skilled artist at Bruges in 1473 ; for

there is no doubt that the Last Judgment was painted and

sold to a merchant at Bruges, who shipped it there on

board of a vessel bound to the Mediterranean, which was

captured by a Dantzic privateer in that very year. But, in

order that Memling's repute should be so fair as to make

hia pictures purchasable, as this had been, by an agent ot

the Medici at Bruges, it is incumbent on us to acknowledge

that he had furnished sullicient proofs befor6 that time of

the skill which excited the wonder of such highly cultivated
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patrous; and thus we come to admit without much difficulty

ihe possible truth of a report made by a chronicler of the

16th century that Memling had sittings from Isabella,

consort of Philip the Good of Burgundy, in the year 1450.

It is characteristic that the very oldest allusions to

pictures connected with Memling's name are those which

point to relations with the Burguudian court. The inven-

tories of Margaret "of Austria, drawn up in 1524, allude to

a triptych of the God of Pity by Roger van der Weyden,

of which the wings containing angels were by "Master

Hans." But this entry is less important ss affording testi-

mony in favour of the preservation of Memling's work than

as showing his connexion with an older Flemish craftsman.

For ages Roger van der Weyden was acknowledged as an

artist of the- school of Bruges, until records of undisputed

authenticity demonstrated that he was bred at Toumai and

settled at Brussels, Nothing seems more natural than the

conjunction of his name with that of Memling as the author

of an altarpiece, since, though ilcmling's youth remains

obscure, it is clear from the style of his manhood that he

was taught in the painting-roora of Van der Weyden. Nor
is it beyond the limits of probability that it was Van der

Weyden who received commissions at a distance from

Brussels, and first took his pupil to Bruges, where he after-

wards dwelt. The clearest evidence of the connexion of

'yhe two masters is that afforded by pictures, and parti-

cularly an altarpiece, which has alternately been assigned

to each of them, and which may possibly be due to the

joint labours of both. In this altarpiece, which is a

triptych ordered for a patron of the house of Sforza, we
find the style of Van der Weyden in the central panel of

the Crucifixion, and that of Memling in the episodes on the

wings. Yet tho whole piece was assigned to the former

in the Zambeccari collection at Bologna, whilst it was

attributed to the latter at the Middleton sale in London
in 1872. At first, we may think, a closer resemblance

might be traced between the two artists than that disclosed

in later works of Memling, but the delicate organization of

the yx)unger painter, perhaps also a milder appreciation of

the duties of a Christian artist, may have led Memling to

realize a sweet and perfect ideal, without losing, on

that account, the feeling of his master. He. certainly

exchanged the asceticism of Van der Weyden for a senti-

ment of less energetic concentration. He softened his

teacher's asperities and bitter hardness of expression.

Iq the very oldest form in Tihich Memling's style is displayecl, or

rather in that example which represents the Baptist in tlie gailery

ofMunich, we are supposed to contemplate an effort of the year 1470.

The finish of this piece is scarcely, surpassed, though the subject

is more important, by thit of the Last Judgment of Dantzic. But
the latter is more interesting than the former because it tells how
Memling, long after Roger's death and his own settlement at

Bruges, preserved the traditions ofsacred art which had been applied

in the first partof the century by Roger van der "Weyden to the. Last

Judgment of Beanue. All that Memling did was to purge his mas-
ter's manner of excessive stringency, and add to his other qualities

a velvet softness of pigment, a delicate transparence of coloiu-s and
ielding grace of slender forms. . That such a beautiful work as the

lOst Judgment of Dantzic should have been bought for the Italian

market is not sirrprising when wo recollect that pictnre-fenciers iii

that country were familiar with the beauties of Memling's composi-

tions as shown in the preference given to them by such purchasers

as Cardinal Grimari and Cardinal Bembo at Venice, and the heads
of the house of Medici at Florence. "But Memling's reputation was
not confined to Italy or Flanders. The Madonna and Saints which
so lately passed out of the Dachatel collection into the gallery of

the Louvre, the Virgin and Child of Sir John Donne at Chiswick,
and other noblespccimens in English and Continental private houses
Bhow that his work was as widely known and appreciated as it

could be in the state of civilization of the 1 6th century. It was per-

haps not their sole attraction that they gave the most tender and
delicate possible impersonations of the "Mother of Christ" that
could suit the taste of that age in any European country. But the
portraits of the donors with which they Were mostly combined were
more characteristic, and probably more remarkable as likenesses

tium any that Memlinf-'s contemporaries could produce. Nor is it

t

unreasonable to think that his success as a portrait painter, whicli
is manifested in isolated busts as well as in altarpieces, was of a
kind to react with effect on the Venetian school, which undoubtedly
was affected by the partiality of Antonello da Messina for trans-

Alpine types studied in Flanders in Memling's time. The portraits

of Sir John Donne and his wife and children in the Cliiswick altar-

piece are not less remarkable as models of drawing and finish than
as refined presentations of persons of distinction; nor is any differ-

ence in this respect to be found in the splendid groups of father,

mother, and cliildren which fill the noble altarpiece of the Louvre.
As single portiaits, the busts of Burgomaster jloreel and his wifo

in the museum of Brussels, and tlieir daughter the Sibyl Zam-
bctha in the hospital of Hmgea, are the finest and most interesting

of specimens. The Seven Griefs of Mary in the galWrf of Turin,
to wUifh we may add the Seven Joys of Mary in the Finolcothek

of Munich, are illustrations of the habit which clung to the art of

Flandei-3, of representing a cycle of subjects on the different planes

of a single picture, where a wide expanse of gi-ound is covered with
incidents from thi Passion in the form common to the action of

• sacred plays. The time came, no doubt, when the players took their

cue from" the pairfers, as in the Ghent procession, which was
foi-med on the model t f Van Eyck's Adoration of the Lamb. But in

Memling's days there were stul some original. "players," and the

public was not averse to seeing illustrations of theu- work. In the

first period of the development of Belgian art too, when the Flemings
assigned more importance to carved work than to painting, and yet

refused to accept sculpture without colour, it was natural that the
sculptor should multiply incidents on bas-reliefs which were coated

with tinting in the semblance of nature. Memling's pictures

imitate reliefs so far as they abound in variety of episodes, and arj

marked by absence ofcontiast iu light and shade or want of toning

by gradations of atmosphere. Tet with all these peculiarities hia

works are very pleasant to the eye, because they are always graceful

and quiet.

The masterpiece of Memling's later years, a shrine containiug

relics of St Ursula in the hospital of Bruges, is fairly supposed to
have been ordered and finished in 1480 after the painter had become
acquainted with the scenery of the Rhine. This shrine is one of
the most interesting monuments of mediaeval art In Flanders, not
only because it is beautifully executed, but because it reveals soma
part of the life of the painter who produced it, and illustrates tlie

picturesque legend of Ursula and her comrades. The delicacy of

finish in its miniature figures, the variety of its landscapes and fos-

bime, the marvellous patience with which its details are given, are

all matters of enjoyment to the spectator. There is later work of

the master in the St Christopher and Saints of 1484 in the academy,

or the Newenhoven Madonna in the hospital of Bruges, or a large

Crucifixion with scenes from the Passion, of 1491, in the cathedral

of Liibeck. But as we near the close of Memling's career wo
observe that his practice has become larger than he can compass
alone ; and, as usual in such cases, the labour of disciples is substi-

tuted for Wb own. The registers of the painters' corporation a'';

Bruges givB the names of two apprentices who served their timii

with Memling and paid dues on admission to the guild in 1480 aa>i

1486. These subordinates remained lobscure.

It would be easy to form a long list of pictures by Memling ir.

thi galleries of Berlin, Florence, London, Madrid, Paris, Rome, and
Vienna, and pieces equally remarkable in many private collections

of England and the Continent. These have all been described, and
are widely known. The present notice must be closed with the

admission that pictures tell more of Memling's life than records.

The date of the master's death is not better certified than that of his

birth. This much, however, is certain. The trustees of Memling's
will appeared before the court of wards at Bruges on the 10th of

December 1495, and we gather from records of that date and place

that Memling died a short time before, leaving behind several

children and a considerable property. (J, A. C)

MEMMI. See Maeixni, Simone,

MEMMINGEN, a town of Bavaria, m Ihe district v\

Schwaben and Neuburg, is situated about 35 miles to the

south-west of Augsburg, near the river Iller. -It is a well-

built town, still partly surrounded with walls, and contains

a Roman Catholic and three Protestant churches, a town-

honqe of 1580, and several schools and charitable institu-

tions. Its industrial products are yam, calico, woollen

goods, und thread. A considerable trade is carried on in

hops, 'jvhvch are extensively cultivated in the neighbour-

hood, and in wool, leather, and grain. The population in

1880 was 8050.

Memmingen, first mentioned in a document of 1010, belongea

originally to the Guelph family. In 1286 it became a free city of

the empire, a posirion which it maintained down to 1802, when it

wai allotted to Bavaria. In 1529 Memmingen was one of the " pro»
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te.Hting" towns rciJi'eseiited at the diet of Spii-cs. During the
Thirty Years' War it was alternately occupied by Swedes and
Imperialists. In 1800 the French under Moreau gained a victory
over the Austrians near Memmingen. Comiiare Dobel, Memiimi'jcn
im Ueformution$zeitaUcr, 1877-78.

ME.MN'ON'. In the Hotnenc mythology (or rather the

mythology of the Troica in the much fuller form in which
it existed in the times of Findar and the tragic poets) this

hero was called the son of Tithonus (the half-brother of

Priam) and Eos (Aurora). ' Tradition represented him as

an Ethiopian prince who came to assist the Trojans against

the Greeks, and performed prodigies of valour, but was
at length killed by Achilles, after having himself slain

Antilochus, the son of Nestor, an event alluded to in Pindar,

Pi/lh., vi. 32-39. llis story must have been very famous,

for more than one Greek play was composed bearing the

title.

The chief source from which our knowledge about Mem-
hon as a chief is derived is the second book of the Posl-

Homerka, by Quintus Smyrnaiua, where his exploits and

death are described at length. That Memnon was slain

by Achilles is more than once afBrraed by Pindar {Kern.,

vi. 52 ; hthm., iv. 41, vii. 5-1). He is mentioned also in

the OJi/ssey (xi. 522), with especial praise for personal

beauty ; but the allusion to him is quite casual, and is one

of many proofs that the compilation of that and the sister

epic presuj)poses in the reader or hearer a full knowledge of

the whole tale of Troy. Modern philology associates Mem-
non—like Achilles, whom he so closely resembles in many .

particulars, and like Sarpedon, who seems the representa-

tive of Memnon in the Iliad—with solar phenomena. He
was the son of the dawn, and, though he might vanish

from sight for a time, he could nyt be destroyed, and there-

fore it was said that Zeus, moved by the tears of his

mother, granted him immortality. In this respect, as also

in wearing bright armour made by Hephicstus, he is the

counterpart of Achilles, who symbolizes the mid-day sua

in his glory ; and that Memnon is said to have come from

the far east, i.e., from the region of suni'isc, is in itself

significant. Ovid, in a beautiful elegy on the death of

TibuUus, Amor., lib. iii. 0, 3, thus associates the fates of

Memnon and Achilles :

—

Mcmnoua si mater, mater ploravit Achilloni,

Et tangunt mngnas tristia fata deas,

Flebilis indignos, Klegeia, solve capillos
;

Ah nimis e\vcro nunc lilii iionien crit.

Like the body of the dead hero Sarpedon (//., xvL CSl),

so that of Memnon was borne through the air, a legend

represented on Greek vases of a rather early date. This

appears to mean that the sun, th« ofl'spring of the dawn,

careers through the sky to the place of his departure in the

west. Another account represents Zeus as having sent

forth birds from the funeral-pile of Memnon, which
straightway fought witli each other, and many fell back as

victims to the soul of the hero.

Tiio mere fact that a ifeinnouinm, or temple in honour
of the hero, was erected both at Susa and at Egyptian

Thebes, both of which places were centres of .sun-worship,

is a strong confirmation of tho probability, derived from
llis mythical pedigree, that he was really a sun-god. Sir

O. W. Cox icmarks,' "of Jlcmnon's head the story was
told that it retained the prophetic power of the living

Helios or of Surya. The story is found in tho myth of

the Teutonic Wismir, and it might have been related of

Kcphalos, the head of the sun ;" and again (p. 2G7), " Eos,

the mother of Memnon, is so transparently the morning

that her child must rise again as surely as tho sun reappears

to run llis daily course across tho heaven."

With respect to the meaning of the name, it may pos-

sibly be the same as Agamemnon, which has n proli.x

' Mj/lholoij!/ uiiJ i'liUioie, p. 134.

m?aning brave.- It lias been thtmght that "MifMuiv and

jxvrifiLwv, " mindful," are but forms ot the same word, and

that the prophetic power attributed to the head of the

Egyptian Memnon, which was said to utter sounds at

sunrise, is connected with this idea. It was said that the

sound resembled the moaning noise or the sharp twang of a

harp-string, and it may even be surmised that the syllables

mem-non imitated the resonance. The Egyptian head is

said to be a bust of King Amenophis;^ but if the Greeks

fancied it uttered the word intmnon, they would have

called it by that name. The tendency, however, to give a

Greek shape and inflexion to words which sounded bar-

barous will sufficiently account for the misnaming of the

statue.

Strabo, lib. xvii. p. 816, declares that lie himself heard

it in company with .i^Jlius Gallusand several of his friends,

and Pausanias (i. 42, 2) says " one would compare tho

sound most nearly to tlie broken chord of a harp or a

lute." See also Juv., Bat., xv. 5 ; Tac, Ann., ii. 61.

Memnon, as an Ethiopian, was of course represented as

a black ; hence Virgil {JUn., i. 493) speaks of " iiigri

Memnonis arma." The figure itself was cut out of black

basalt, but that is a material not uncommon in Egypt.

Speaking cjuite generally, it seems reasonable to conclude

that the Memnon from Ethiopia (which the early Greeks

jilaced in the far east rather than in the south) typifies

the eastern sun summoned to oppose tlie enemies of dark-

ness from the west.

ME^IPHIS, the capital of the old Egyptian empire,

founded by Jlenes, the first historical king ; see vol. vii.

pp. 731, 770. In the time of ati-abo (xvii. p. 807) it was

the second city of Egypt, Inferior only to Alexandria, and

with a mixed population like the latter. Memphis was still

an important though declining place at the time of the

Moslem conquest. Its final fall was due to the rise of the

Arabic city of FcstAt on the right bank of the Nile almost

opposite the northern end of the old capital; and its ruins,

so far as they still lay above ground, gradually disappeared,

being used as a quarry for the new city. The remains of

" Menf " were still imposing late in the 12th century, when

they were described by'Abd el-Latif. In the Old Testa-

ment Memphis is nieutioned under the names of Jloph

(Hos. ix. 6) and Noph (Isa. six. 13; Jer. ii. 16; Ezek.

XXX. 13, 16).

MEMPHIS, a city of the United States, and port of

entry, capital of Shelby count}', Tennessee, is situated on

the east bank of the Mississippi river just below the mouth

of Wolf river, in about 35° 8' N. lat. and 90° 5' W. long

,

450 miles below St Louis and 826 miles above New-

Orleans. The bluff on which the city stands has an

average elevation of 47i feet above high-water mark, witli

a further fall of 36 feet' to extreme low water. Memphis

is methodically and tastefully planned, and is adorned

with many elegant private residences and public build-

ings, conspicuous among the latter being the United

States custom house, located upon tho esplanade between

Front Street and the river, and built of the best quality of

marble, the product of Tennessee quarries. A small park

in the centre of the city C(uitains a bust of Andrew

Jackson. Tho streets are mostly well-paved, and are

supplied with water from tho Wolf river by the Holly

system. The bayou Gayoso, with several branches, inter-

sects the city, and prior to 1880 received most of its

drainage.' Since that date over 40 miles of sewers anij

more than that length of subsoil drain-tiles have been

constructed on tho Waring system, providing the cUy with

a superior system of drainage.

' Sir G. W. Cox, Miithohgy of the A.tjdits, ji. 2GS, cd. 2.

s
*an«'rai(J), ns the Thebans themselves said, acoonling to Pausanias,

cited below.
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Mempliia is the largest city of tlie Suite, and tlie most .

impurtaat commercial city on the ilississipjji between St

Louis and New Orleans. Tlie largest sea-going vessels

ascend the river to this point, and navigation is open at

all seasons of the year. The city also possesses abundant

facilities for transportation by railway in every direction.

Memphis ranks as the largest interior cotton-market in the

United States. The receipts for the season ending Sep-

tember 1, 18S1, were 470^07 bales, with a value of

623,090,109. The aggregate receipts from the mercantile

and manufacturing interests for the year ending September

1, 1882, amounted to about .?G0,000,000, ot which the

trade in groceries and western products contributed nearly

840,000,000; dry goods, clothing, boots and shoes, and

general merchandise §15,000,000; and various home
manufactures about §5,000,000. There are oil-mills and

rcrineries, whose annual product of about 30,000 barrels

of cottonseed oil, together with oil-cake and re-ginned

cotton, amounts to over ? 1,000,000. There are also

numerous foundries, machine Rhops, flouring-mills, and
manufactories of carriage's, furniture, and tobacco.

The city contain!!, besides the usual religious, educational

and commercial institutions, a public library of 9000
volumes, three tiaily otid ten iveekly newspapers, a chamber
of commerce, and a cotton esclmnge.

Memphis was laid out as a village in 1820", and incor-

porated as a city in 18.31. Its population at each census

since has been as follows :—3360 in 1840, 8841 in 1850,

22,623 in 1660, 40,220 in 1870, and 33,592 in 1880.

According to a census taken on October 1, 1882, the

population within the city limits was 47,976 (29,130

white and 18,846 coloured).

During the civil war Memphis was early occupied by the Union
forces (June 6, 1862) after a naval engagement in which t'oni-

inoilore Davis with a fleet of nine gunboats and rams defeated a

similar Confederate fleet of eight vessels, and captured or destroyed

all of them but one. The city was held by Federal troops to the

close of the war, with the exception of a brief occupation, in

August 1864, by General Forrest, who captured several Imndred
prisoners, but immediately withdrew. The decrease of population

between 1870 and 1880 was due to the ravages of yellow fever

ia 1873, 1878, and 1879. The epidemic of 1873 resulted in over

two thousaml deaths. In 1878, according to the report of the

Howard Relief Association, the number of those attacked witli the

fever was 15,000, aud the number of deaths reached the total oi

6150, of whom 4250 were whites and GOO coloured. At the return

of the fever in 1879 better care and strict quarantine arrangements

prevailed, but there were 1595 cases, with 497 deaths. During the

epidemics of 1878 and 1879 fully two-thirds of the population fled

from the city, many of whom died of the fever at other jilaces, and
a still larger number did not return. For three months daring

each year business was wholly suspended, and all ingress or egress

except* for the most necessary purposes was forbidden. The pro-

.stration of the business of the place left the city almost hopelessly

bankrupt, and as a means of relief the legislature of the State in

January 1879 repealed the city's charter, and, assuming exclusive

controlof its taxation and finances, constituted it simjily a "taxing
district," placing its government in the hands of a "legislative

council." This anomalous proceeding has been declared consti-

tutional by the supreme court of Tennessee. Under it llcmphia is

at least regaining its prosperity, and by thoroughly qleansing,

repaying, and sewering its streets, and snpenrising the construction

of biiildings, is likely to become one of the healthiest cities oa the

Mississippi river.

END OF VOLUME FIPTEEI7TH
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